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I. Introduction


Tying contracts arise when a seller of a tying good requires or induces buyers of that good to buy another product, the tied good, from it.  The literature on these contracts provides a number of explanations for tying, with starkly different welfare implications.  Tying could be imposed by a seller seeking to foreclose competition in the tied good market,
 or to prey on competitors in the tied good market,
 with attendant negative effects on competition and social welfare.  Firms may also rely on tying as an indirect way of evading price regulation of the tying good.
  But tying may also arise for benign reasons.  For example, it could arise for the purpose of minimizing production costs, for the purpose of achieving efficient price discrimination,
 or for the purpose of protecting the tying good seller's reputation for quality.


This article shows that tying may be a useful screening device for manufacturers selling products with significant switching costs.  Buyers of products with switching costs find it costly to change suppliers of a particular good.
  These costs can arise for a number of reasons.
  Buyers of a product may have to incur substantial learning costs in switching brands.  Buyers may develop a psychological attachment to the product.  Or buyers may find it costly to switch brands because of prior investment in a durable good that requires a particular brand of aftermarket product for its operation, like parts or service; we discuss the implications of this reason for switching costs at length below.

Various outcomes in markets with switching costs are possible.
  One possible outcome is that firms will engage in a "bargain-rip-off" model of pricing in which the good with switching costs is initially sold at low prices as sellers compete for market share, and later at high prices as sellers exploit past customers.
  Part II shows that bundling goods when initially selling the product, rather than simply reducing price to bargain levels, may be more profitable and more efficient where customers with relatively greater demand for the good with switching costs (the tying good) place a relatively high value on the tied good.  Tying can act as a screening device that allows vigorous competition for initial buyers while potentially eliminating inefficient sales to buyers who place low value on the product.  
Part II shows that a seller may tie for screening reasons in competitive markets where the seller has little market power when initially selling a good, but also in imperfectly competitive markets.  It is well-known that the seller of a durable good may tie the sale of aftermarket goods that are used in conjunction with the durable in order to price discriminate.
  The lower the price for the durable, and the higher the price for the aftermarket tied good, the more discriminatory is the durable-aftermarket pricing scheme.  But heavily discounted prices for the durable could invite inefficient sales to low demanders.  Price discrimination and the screening analysis together suggest a role for "multi-dimensional tying," in which the seller of a durable may impose a tie on aftermarket goods, but may also tie some other product at the point of the initial sale of the durable good.  Lowering the effective price for the durable by tying, rather than offering a cash discount, deters potentially inefficient sales to low demanders while allowing a discriminatory low-high price path for the durable and aftermarket goods. 

Having established the basic screening role of tying in Part II, the article turns in Part III to discuss examples of such a use of tying.  Part III shows that the screening explanation of tying provides the basis for a novel theory of warranties. Warranty contracts involve a commitment by the seller of a good to provide service and/or parts to repair a product, usually for a limited time following the purchase of the product, though it could be for the life of the product.  There are a variety of explanations of these contracts.
  Warranties could signal quality since they are less costly for sellers of high quality products,
 they could allocate risk efficiently where the seller is risk-neutral with respect to the costs of a particular product's defect, while its buyer is not,
 or they could deter moral hazard on the part of sellers who would in the absence of warranties chisel on quality.


It is obvious how warranty contracts could be described as tying arrangements: the seller of the good, if it includes a warranty in the sales contract, requires buyers also to buy parts and/or service from it during the term of the warranty.  Indeed, plaintiffs have in a number of reported cases alleged that warranties were unlawful tying contracts, or at least represented an attempt to monopolize the service and/or replacement parts market.
  Part III shows that warranties are a specific instance of tying potentially explained by the broader theory that the article develops.
Part IV examines some of the legal implications of the theories of tying and warranties.  Aside from providing a novel understanding of warranty contracts, the article offers some legal prescriptions as well.  First, the analysis provides another theory of efficient tying, which further undermines the case for treating tying as per se illegal.  Second, understanding the potential role of tying as a screening device has implications for aftermarket tying cases like Eastman Kodak Co. v. Image Technical Servs. Inc.,
 as well as commentary that describes the inefficiencies that can result where durable goods sellers cannot credibly commit not to set high prices for aftermarket products.
 It shows that the possibility of multi-dimensional tying undermines the (already weak) case for antitrust intervention in such a setting.  Finally, Part IV describes perhaps the most direct way in which the analysis has implications for the law.  In a number of cases plaintiffs have objected to the provision of a warranty by a manufacturer of a durable good, arguing that the manufacturer was attempting to monopolize parts and service aftermarkets.
  The explanations provided here justify the seller's actions, even if the seller provides service and parts at an effective price that is below cost during the period of the warranty.  
Part V summarizes and concludes.
II. Tying as a Screening Device


(a) Competitive Markets


In markets with switching costs, sellers face a temptation to exploit past purchasers by charging supra-competitive prices for later purchases.  Farrell and Klemperer set out a very simple model tracing the implications of this temptation.
  Suppose sellers in a competitive market sell a good for two periods.  Buyers who have bought from a particular seller in the first period face switching costs of s in the second period, and the good costs c to produce.  Sellers in the second period will charge c + s to buyers in the second period, thus earning a profit of s on each second-period sale.  Anticipating second period profits from each first period buyer (and ignoring discounting for the time value of money), sellers will compete for market share in the first period and will be willing to offer discounts of up to s to attract customers.  The result is a "bargain-rip-off" pricing pattern, with a price of c-s in the first period, and c+s in the second period.


In this simple model, if all customers have unit demand and are willing to pay c+s for a unit, then no inefficiencies result from this pricing pattern: no customer with reservation prices above the cost of production is priced out of the market, and no customer with reservation prices below the cost of production is priced into the market.  However, as a general matter, inefficiencies from this pricing pattern are likely.  Some buyers may have reservation prices that are below the second period price and hence are inefficiently priced out of the market, and other buyers may have reservation prices that are above the first period price, but below cost, and hence are inefficiently priced into the market.  Since sellers will face an incentive to exploit customers with switching costs, which in the durable goods literature is sometimes referred to as the "installed base,"
 markets with switching costs are vulnerable to inefficient pricing paths.  There will be too many sales in period one, and too few in period two.


The obvious way to avoid inefficiencies in markets with switching costs is to enter into a contract that sets both first and second period prices.  In Farrell and Klemperer's simple model, a seller would like to commit contractually to a price of c each period and avoid inefficiencies from switching costs.  But there are reasons to suppose that such contractual commitments are often not feasible.
  Setting price ex ante requires a pricing mechanism that accounts for changed circumstances going forward, like shocks to costs or to demand.  Such a mechanism will be imperfect, which creates costs that include the risk of contractual disputes in the future.
 Particularly where time horizons involved with serial acquisitions of a good with switching costs are long, it is reasonable to suppose that fully contingent contracts often are not practical and that there will be room within the contract for the seller to exploit the installed base.  
Non-contractual mechanisms may also help limit seller opportunism.  Most prominently, a seller may want to develop a reputation for not exploiting its installed base, and thereby increase its sales when selling a different product with switching costs.  Again, this mechanism is imperfect.  For example, information about whether a seller is being opportunistic in raising period two prices, or whether costs have risen, will be costly to disseminate to customers and potential customers.  And at some point a seller will be tempted to sacrifice its reputation if there are sufficient gains in the short run from exploiting the seller's past customers.
Both contractual and non-contractual mechanisms for committing to an efficient price path over time are often likely to be imperfect.  Consequently, switching cost markets are susceptible to inefficiencies.  Tying can respond to such inefficiencies, and in particular reduce the tendency to excessive sales in the first period.

As noted, if the seller competes in a competitive market, competition to attract customers ex ante dissipates ex post profits that result from exploiting switching costs.  There are at least two ways that sellers could compete to attract customers initially: offer a lower price for the product, or maintain price and bundle other products to the product in the initial sale.  These alternatives are not equivalent from the perspective of the seller.  Rather, sellers of products that have significant switching costs may tie products to the sale of the initial product in order to act as a screen that discourages inefficient sales to low-valued users of the product.


Consider the following simple example.  Two sellers in a competitive market sell a product in period 1 and period 2; that is, there is price (Bertrand) competition over the sale of a good that is homogeneous, at least in the first period .  The unit cost of production of the good is 15.  There are six buyers.  If the buyers buy from the same supplier, two buyers value the product at 14, two at 16, and two at 18 in each period.   If they switch suppliers in the second period, buyers incur switching costs of 4 in the second period.  

In a world where perfect commitments not to exploit switching costs are feasible, each supplier would offer the product at a price of 15 in each period.  But where such commitments are not available, sellers have an incentive to exploit their installed base of past customers who face a cost disadvantage when sourcing from alternative suppliers.  In particular, the sellers have an incentive to charge 18 in the second period, knowing that the highest demand customers will not incur the switching costs of 4 possibly to obtain the product from a different supplier at the competitive price of 15.
  In equilibrium, assuming that the buyers are distributed equally between sellers offering similar terms, this would leave each seller with profits of 3 in the second period: they would sell one unit that costs 15 to produce for a price of 18.  Such anticipated profits in the second period from the installed base would spur competition over developing an installed base in the first period.  In particular, price would fall to 14, which would result in 3 sales for each seller at a total loss of 3, fully offsetting second period profits.
This is a simple example of the bargain-rip-off pricing path that can arise in markets with switching costs.  It is inefficient.  There are two sources of deadweight loss: low-demanders are inefficiently priced into the market in period one; and medium-demanders are inefficiently priced out of the market in period two.  In competing for an eventually profitable installed base in the first period, sellers drop price below cost, which in turn invites socially inefficient sales to consumers who value the product at less than its cost of production.  In exploiting the installed base in period two, sellers set price above cost, which inefficiently deters sales to consumers who value the product more than the cost of its production.  In this example, in period 1 inefficient sales to low demanders create social losses of 2, and high prices deter efficient sales to medium demanders in period 2, creating additional social losses of 2.

The theory of tying offered here is that tying can deter inefficient sales to low-demanders in the first period, and that competition would compel sellers to tie as a result.  The mechanism on which this theory of tying rests is that the seller, rather than offering cash discounts resulting in a price for the product that is below cost in the first period, sets price equal to or greater than cost of the product in the first period, but the price is set on a bundle of the product and another good (the "tied good").  The assumption that drives the efficiency of this result is that low-demanders place a lower value on the tied good than high-demanders (embedded in this assumption is a presumption that the costs of arbitrage are high enough to maintain a difference in value for low- and high-demand consumers).  While all buyers place the same cash value on a cash discount, different buyers will value a bundled good differently.  Tying in the first period could result from vigorous competition between sellers to develop an installed base while avoiding excessive price competition that results in inefficient sales.  Tying can serve as a screening device.
To illustrate the idea in the context of the above example, suppose that there is a good, the tied good, that costs 1.5 to produce.  High-demanders value the good at its cost of production, as do medium-demanders, since they realize value equal to or greater than 1.5, and the good is otherwise available in competitive markets for a price of 1.5.  Low-demanders, on the other hand, value the tied good at 0.5.  This lower value can be explained either by assuming that arbitrage is impossible and the low-demander values the tied good at 0.5, or by assuming that the low-demander values the tied good less than 0.5 and that re-selling the tied good requires the seller to incur 1 in transaction costs.

These conditions suggest an alternative, more efficient equilibrium than that which results when price is the only dimension of competition in the first period.  Both sellers could offer to sell the product-tied good bundle at a price of 15 in the first period.  They would then sell the product at 18 in the second period in order to exploit high-demand consumers who face switching costs.  The first-period bundle is worth 19.5 to high-demanders, 17.5 to medium-demanders, and 14.5 to low-demanders.  Both high- and medium-demand consumers buy in the first period, while low-demand consumers do not.  Tying avoids private and social losses from sales to low-demanders, thus increasing social welfare by 2 relative to the no-tying case.

Competition compels this outcome.   Suppose one supplier decided to stick with the cash discount strategy, charging 14 in the first period, while its rival adopted a tying strategy, offering the bundle for a price of 15 in the first period.  Low-demand consumers would buy only from the discounter, creating net losses for it, while high-demand and medium-demand consumers would buy only from the tied seller.  The discount strategy is not sustainable in the face of tying by a rival.
A number of factors affect the gains from relying on tying as a screening device.  The higher are switching costs, the greater potential for profitable exploitation second period, hence the greater pressure to reduce first period price to inefficient levels, and hence the greater potential gains from imposing a tie as a screening device.  The elasticity of consumer demand is ambiguous.  The greater the elasticity of demand below the competitive price, the more will a price reduction invite inefficient sales, and hence the greater the gains from screening by tying.  On the other hand, the greater the elasticity of demand above the competitive price, the less profitable will the seller's exploitation of switching costs be, hence the smaller the losses from inefficient sales in the first period from competition to earn later profits, and hence the smaller the benefit from tying.  Finally, the strength of the correlation between demand for the tied good and the initial product also affects the appeal of tying.  The stronger is the correlation in the value that buyers place on each of the product and the tied good, the more effective is tying in screening out low demand customers.  Of course, an important element of this correlation is the cost of arbitrage.  If arbitrage were costless, all buyers would value the tied good identically, and the correlation between value and demand would not exist.  The more costly is arbitrage, the stronger is the potential for a high correlation between the product and the tied good.

In summary, competitive suppliers of products that have significant switching costs and thus ex post profits will prefer to bundle their products with tied goods rather than offer a cash discount where buyers that value the product more highly also value the tied good more highly.  Competition drives sellers to offer the bundle and drives profits to zero, but social welfare increases since buyers that would not be willing to pay the full cost of the product do not find it attractive to buy the bundle, whereas they would buy the product at a steep discount.  Tying in this context is efficient.


(b) Imperfect Competition and Price Discrimination


The conclusion that tying may act as an efficient screening device does not depend on the assumption of perfect competition.  Even if a seller faces a downward sloping demand curve for its products, and consequently faces an incentive to price discriminate, tying may serve as a useful screen.  In particular, sellers of durable goods who choose to tie complementary aftermarket products may also tie some other good in the initial sale of the durable, as this section explains.


It is well recognized that sellers may tie the sale of a complementary good to a durable good in order to price discriminate.
  The classic example is IBM requiring buyers of its computers also to buy punch-cards from IBM.
  By tying the complementary product and selling the tied good at a supra-competitive price, the seller can extract more surplus from high demanders than it could by selling the durable tying good at a single price to all and allowing competitive markets to supply the complementary good.  Assuming that the quantity demanded of the complementary good is correlated with demand for the durable, tying in this manner can be a useful form of price discrimination for the seller.  

The tying-tied good package will be more discriminatory the greater the price charged for the complementary tied good and the less charged for the tying good.  This is because the quantity demanded of the tied good is assumed to depend on intensity of demand for the durable.  It is possible that the seller will find it profitable to lower the price of the tying good below its cost in order better to extract surplus from high-demanders, while still reaping some positive surplus from low demanders.  In such a case, bundling products with the durable in the initial sale could be efficient.

Consider the following example.  Suppose there is a durable good that requires a complementary good for it to have value.  For example, the durable good is a computer that requires a punch-card to operate.  Suppose for simplicity that the durable good seller is a monopolist, though similar explanations are available even if the seller has market power short of monopoly.  There are three kinds of users.  Low-demanders would want one punch card which would give them value of 10; medium-demanders would want two punch cards which would give them value of 20 (i.e., 10 per punch card); high-demanders would want three punch cards with total value of 30 (again, 10 per punch card).  For simplicity, assume that there is one of each kind of customer.  Finally, assume that the computer costs 15 to produce; the punch cards cost nothing to produce.  
If the seller were confined to charging a single price for the durable, while punch cards are supplied by a competitive market at a price of 0, it would charge 30 for the computer and would sell only one for a total profit of 15.  The medium demander, whose surplus from the computer-punch card package exceeds its cost, would be priced out of the market.

Instead of charging a single price, the machine seller may opt instead to tie the sale of punch cards to the machine.  In order to isolate the price discrimination motivation for first-period bundling from the switching cost explanation, assume now that the seller can indeed commit to specific prices for punch cards over the course of the machine's life.
  With the option of committing to preset aftermarket prices, the seller could extract all surplus from customers by charging 10 for each punch card and zero for the machine.  This would result in total profits of 15: 3 computers would be sold at a cost of 45, and 6 punch cards would be sold generating revenues of 60.  This is no more profitable than the single-price option, since setting such a low price for the durable invited the low demander into the market.  The low demander buys the machine and one punch card, giving it a value of 10, but at a loss to the seller (and society) of 5.  
An alternative pricing strategy would be for the seller to charge a positive price for the machine and set the price of the punch card below the value of the card to the users such that only medium and high demanders realize positive surplus from the computer-punch card package.  For example, the seller could charge 2 for the computer and charge 9 per punch card.  Medium demanders earn a net surplus of 2 from buying 2 punch cards and therefore would be willing to pay 2 for the machine, while low demanders would realize net surplus of 1 from buying a punch card and therefore would not be willing to buy the machine.  

The problem with relying on higher machine prices and lower punch card prices is that the strategy is less discriminatory than the price schedule in the pre-commitment case given the smaller marginal profit on each sale of the variable good, the punch cards.  Profit is 15 in this case, which is less than the fully discriminatory profit of 20 (5 punch cards are sold to medium and high demand customers at a price of 9 rather than 10 in the former case). Instead, the seller could bundle the computer with a good with value to the customer that correlates with the customer's demand and then charge the full price for the punch cards.  In cases where tying aftermarket products is used to meter demand for the product, it is natural to think of bundling the aftermarket product itself with the durable as a way of effectively offering discounts of different value to different consumers.  In this example, the computer seller could tie the sale of two punch cards to the sale of the machine and charge 20 for the bundle and 10 for any additional punch card.  Each punch card has a value of 10 to the medium and high demanders for a total value of 20 (with the computer), but the bundle only has a value of 10 for the low demander.  Bundling the punch cards lowers the effective price for the computer for medium and high demanders more than it lowers the effective price to the low demander.  The high demanders will buy the bundle and one additional punch card, the medium demander will buy the bundle and no additional punch cards, and the low demander does not buy the bundle or punch cards.

As a result of tying, all the surplus from the medium and high demanders is extracted, while the low demander will not make a purchase.  In these circumstances, the seller finds it profitable not only to tie the sale of aftermarket punch cards, but also to bundle punch cards with the initial sale of the computer.  Punch cards are correlated with customer demand and thus bundling them with the computer can serve as a screen for high demanders at the point of initial sale.  Tying screens out low demanders.
As discussed in the appendix, where the seller can commit to second-period prices, the key factor that dictates the profitability of tying is the extent to which demand for punch cards varies.  If there is significant variation in demand for punch cards, then a more discriminatory pricing strategy is more profitable.  Tying facilitates a more discriminatory pricing package by allowing tied good prices to rise, and durable prices to fall, while minimizing or even eliminating inefficient sales of the durable because of its screening properties. Thus, the more variation in demand for tied goods, the more attractive is first-period tying as a screening device.

Tying that is profit-maximizing because of its screening properties can also be welfare-enhancing.  The example illustrates this.  Under a single-price regime, the seller would charge 30 for the machine and only the high demander would buy it. A single-price regime would generate total surplus of 15 that is captured entirely by the seller.  Tying the aftermarket product without bundling punch cards to the computer also results in total surplus of 15 captured by the seller.  But tying the aftermarket product and bundling the punch cards results in revenues of 50 (two bundles and one additional punch card) and costs of 30 (two computers) and hence total surplus of 20, all captured by the seller.  Bundling allows price discrimination to expand the market efficiently, without expanding the market to the point of generating privately and socially wasteful sales to low demanders.
 

More generally, the welfare effects of this "multi-dimensional tying" are ambiguous, but there is good reason to suppose that they are positive.  Given the tying of parts to service, it is unambiguous that tying the bundled good to the machine increases welfare.  The only effect tying has in the first period is to screen out customers who do not value the machine at cost, but would make the purchase given the first period pricing discount that is optimal for the price discriminating seller.  These sales reduce social welfare.  
But the welfare effects are more complicated if one does not take it as given that the seller will tie parts to the machine in order to price discriminate.  It is possible that the first-period tie will have negative welfare effects.  First, suppose that price discrimination in tying parts to the machine generates less profit than the no-tying case if not accompanied by the first period bundle; under the multi-dimensional tie, however, the arrangement is profitable.  Second, suppose that the multi-dimensional tying arrangement reduces welfare relative to the no-tie case.  For example, it could be that such tying increases private profit relative to not tying, but much of the private profit is consumed in policing the tying arrangement – some of the profit is privately desirable for the seller, but is a socially neutral transfer from consumers, while all the policing costs are social costs.  In these circumstances, tying as a screen could lower social welfare in that its availability encourages the seller to engage in socially wasteful price discrimination.  Tying as a screen increases welfare where price discrimination (and socially costly policing) would arise in any event, but could conceivably have harmful effects by inducing the firm to engage in price discrimination where it otherwise would not.
III. Applications, Including Warranties

a. Applications


There are a number of products with switching costs, including many that involve aftermarket ties, that are marketed with tying arrangements in place.  It is plausible that tying acts as a screening device in some of these cases.  There are two ways in which sellers offer first-period bundles that screen low-demand customers out of the market.  First, the sellers could bundle a distinct product whose nature is such that buyers with high demand for the tying good are likely also to value the bundled good relatively highly.  Second, the sellers could bundle the good that is itself subject to switching costs after the initial purchase is made.  By bundling some quantity of the good subject to switching costs with the initial sale, sellers mitigate inefficiencies associated with switching costs in two ways.  Buyers are partially protected against future high prices that take advantage of switching costs by receiving the product at a given price in the initial contract.  And the seller can compensate high-demand consumers for future price increases in the initial contract without inviting inefficient sales to low-demand consumers.  

There are numerous examples of both kinds of bundling in initial sales.  Consider a magazine sold by subscription.  Such an arrangement carries a switching cost during the term of the subscription, and even at renewal time if the renewal is automatic unless the buyer sends notice – for one, the buyer must take costly actions to cancel the subscription.  It is plausible that a subscriber anticipates these switching costs prior to subscribing.  As an inducement to accepting the vulnerability associated with the switching cost, the seller may wish to offer an inducement to first-time subscribers.  Or analytically equivalently, at any given point in time, sellers may want to set subscription prices generally that exploit their installed base, while at the same time want to offer discounts to new subscribers over whom there may be robust competition.  But lump sum cash payments upon subscription are not ordinarily offered.  The problem with a cash payment to new subscribers is that this would attract buyers who do not value the good particularly, and will incur the switching costs necessary to discontinue the subscription, but do get value from the cash.  Instead, sellers often offer a "gift" along with the subscription.  The theory of this article is that the selected gift is more valuable to those who value the good and would not cancel their subscription than to those who do not value the good very highly.  

Sports Illustrated, for example, offers a shirt with a sports logo on it to new subscribers who will accept four free trial issues of the magazine on a subscription that allows cancellation at any time, but also "automatic renewal benefits" for a full year and beyond.
  This contract screens in the two ways described above.  First, the gift of a shirt with a sports logo on it is likely to be more valuable to customers with relatively high demand for the magazine.  That is, there is likely to be a positive correlation in demand for the magazine and for a sports shirt.  Second, the bundling of the four trial issues, that is, the bundling of the product which is itself subject to future switching costs, is obviously more valuable to high-demanders.  There is a self-evident correlation in the demand for the trial magazines and other future magazines.
Similarly, Columbia House offers a subscription service in which the subscriber initially receives five DVDs for $2.45.
  The subscriber is obligated to buy at least five more DVDs over the following two years for at least $19.95 plus shipping and "processing" fees.
  But the subscriber is also automatically sent and billed for the "Director's Selection" on a monthly basis unless the subscriber takes positive steps to refuse the DVD.
  In this case the seller protects itself from sales to low demanders in two ways.  First, by requiring the purchase of five additional DVDs over the course of two years.  Second, by attracting initial subscribers not through a cash discount, but by offering five DVDs.  Obviously, the greater the value the subscriber places on the DVDs, the more likely she is to stick with the subscription and buy more than the minimal number of DVDs.  Tying can screen out low demand customers.

Video games offer another kind of tie that turns on switching costs.  Video game consoles require the acquisition of games that are compatible with the console.  The console seller will often have a stake in the sales of aftermarket video games.  Either the console maker sells the game itself, or it retains intellectual property rights in the interface between the game and the console that allow it to collect fees from the sale of games by third-party publishers in the future.  A buyer of the console faces switching costs if she wanted to buy a game compatible with a different seller because of the need to invest in a new console.  Similarly, a buyer may develop a psychological attachment to a kind of game that only a particular console maker provides and hence will be loyal to that maker in order to be able to purchase updated versions of the game.
  
Console sellers, and buyers, anticipate switching costs and have competed for market share by reducing consoles' price, but also by bundling video games and/or peripheral accessories like memory cards with the sale of the console.
  For example, in releasing the Xbox 360, its most recent console, Microsoft is selling the console and accessories at a significant loss.
  There is a report that the components of the Xbox 360 system cost Microsoft $470, while the machine sells at retail for a price of $399
; others report that the cost of the components is $552.
  Microsoft makes a royalty on all sales of Xbox software,
 and as Hesseldahl notes, "Microsoft's strategy with the Xbox family has always been one of taking a loss on the hardware in hopes of cutting a profit on game-software sales."
  
Microsoft does not simply rely on cash discounts in selling hardware, but also follows a strategy of bundling components and accessories with the bare console.  Microsoft offers two options for buyers.
  With the "Xbox 360 core system", buyers receive the console with a wired controller and a basic AV cable.  It retails for $299.  The "Xbox 360," on the other hand, comes with a console (with a chrome finish), a hard drive that Microsoft independently sells for $99.99, a wireless controller that independently retails for $10 more than the wired controller, an Xbox live headset that sells for $19.99, plus an ethernet cable and a component HD AV cable.  The full system retails for $399.  Given that the hard drive itself retails for $99, it is clear that there is a steep discount relative to market prices, and to cost according to the above mentioned reports, for the accessories that are bundled with the Xbox 360.  

Offering a menu of product options is not unusual.  The common explanation for such a range of choices is that the choice facilitates price discrimination.
  The seller relies on consumers to self-select in a manner that increases effective prices to high-demand consumers.  An airline, for example, offers a choice of cramped seats in economy and more spacious arrangements in much more expensive first class seats.  By doing so, the airline collects higher rents from business travellers, whose demand for air travel is less elastic than other travellers' and who value a comfortable trip more than other travellers.  This plausible explanation of buyers' ability to choose in this and other settings does not apply in the Xbox case.  For price discrimination to make sense, the price-cost margins on high-demand consumers would be higher for higher-end options within the menu.  Microsoft, in contrast, offers a larger effective discount the better equipped is the console, which is the package that is presumably more attractive to more intensive gamers.

On the other hand, Microsoft's approach is consistent with using tying as a screening device.  The bundled accessories in the full system are effectively offered at a discount.  It is plausible to surmise that the bundled accessories, like the hard drive, which are designed to enhance the gaming capacity of the console, will be more valuable to buyers of the Xbox who are more likely to purchase software games in the future, on which Microsoft will earn profits, than casual gamers who are less likely to buy a library of games in the future.  With its complete system, Microsoft offers a discount that will be more valuable to more intense purchasers of games for the console in the future.  
Microsoft's strategy segments the market.  For relatively low demanders, the basic console is sold at a cash discount without significant bundling.  Since low demanders are less vulnerable to future exploitation, a large discount to them is unnecessary to attract them.  On the other hand, high demanders require more of a discount to compensate for future high prices.  The full system, with its extensive bundling, effectively offers a larger discount to these types.  Tying results in discounts with subjective values that are greater to intense demanders.

b. Warranties


Understanding how tying contracts can be used as screening devices leads to a novel explanation of warranties.  Warranty contracts, in which a seller promises to repair a defective good for a specified period of time, are ubiquitous.  Various explanations for warranties exist.  Spence, amongst others, suggests that warranties signal quality.
  This is because a warranty is more costly for the seller of low quality goods that anticipates having to provide significant services and parts during the warranty than it is for the seller of high quality, low maintenance goods.  Priest makes a similar, but analytically distinct point.
  Rather than taking quality as given, as a signalling model does, Priest argues that warranties address a moral hazard problem on the part of the manufacturer when making the manufacturing choices that affect quality.  The manufacturer has stronger incentives not to chisel on quality when making the good if it bears some of the costs of lower quality.  Priest also points out that consumer warranty contracts, through specified conditions and through time-limits, address a moral hazard problem on the part of the consumer in handling the good: a consumer who is fully compensated for any poor functioning of the good has little incentive to maintain the good.
  The third kind of explanation for warranties in the literature relates to risk.  Heal observes that manufacturers of products may be more risk-neutral with respect to the operation of the product than consumers.
  They may be organizations with diversified and hence risk-neutral investors, and/or the seller will be able to bear risk better than an individual buyer given that the seller under a warranty would be responsible for a portfolio of goods, while the buyer has only one that may or may not perform well.


The analysis here suggests a different reason for warranties.  Warranties are a kind of tying contract: they bundle parts and/or service with the purchase of a durable good.  Like other tying contracts, warranties can address inefficiencies associated with switching costs.  There are two ways in which warranties respond to the temptation for manufacturers to exploit their installed base by raising the price for aftermarket parts and service.  First, they provide some commitment against opportunism during the life of the warranty.  The marginal cost to the buyer of parts and service during the life of a full warranty is set to zero at the time of contract.  The risk of supracompetitive prices intended to exploit buyers with switching costs is eliminated during the warranty period.

Of course, the commitment not to exploit does not extend past the warranty period.  If commitment against exploitation were the only issue motivating warranties, warranties would last for the life of the good so as better to commit against exploitation.  But as Priest compellingly argues, there would be significant moral hazard problems on the part of buyers if the warranty were life-long.
  As consequence, buyers must bear some of the risk of the good's malfunction.  Limiting the duration of warranties is one way of shifting such risk to the buyer, but this leads to the risk of supracompetitive prices in aftermarkets.


But warranties have another aspect that addresses the risk of future seller opportunism.  It is plausible in many contexts to assume that the warranty is more valuable to those customers with greater demand for the product.  Buyers who intend to use a machine intensively benefit more from a warranty since they would otherwise need to buy more parts and service than buyers who intend to use the machine without great intensity (this is the assumption that drives the metering explanation of tying in aftermarkets).  If there were a competitive market, competition for initial sales would compel sellers to make some concession to buyers that anticipate opportunism in aftermarkets.  (Or sellers with powers to price discriminate may want to shift more of the value transfers from buyers to the aftermarket transactions than the initial sale.)  Rather than offering pricing discounts, sellers can tie parts and/or service to the sale of the durable by offering a warranty.  Cash discounts are valuable to all buyers equally, but a bundle that includes parts and/or service in a warranty is more valuable to those with higher demand.  Offering a warranty can effectively offer a discount that avoids inefficient sales to low demanders that a straight cash discount could invite.


This explanation does not challenge the undoubted validity of other explanations of warranties in other contexts.  But where buyers are informed about quality, and where they are risk-neutral, they may look for warranties as an effective discount on the cost of the machine that discriminates between those buyers who do not value the durable at its cost and those who do value it at cost or more.  

IV. Legal Implications


This article has provided a novel understanding of tying contracts generally, and warranty contracts in particular.  This section takes this positive understanding of these contracts and discusses their normative implications for law.  The analysis has lessons for tying law generally, for antitrust cases involving claims of monopolization in aftermarkets,
 and for antitrust complaints about warranties specifically.


a. Tying


Jefferson Parish Hospital District v. Hyde
 held that tying is per se illegal as long as various requirements are met.  One of the requirements is that the seller must possess substantial market power in the tying good market.  If such a seller imposes a tie, the tie is per se illegal.


Jefferson Parish wisely limited the meaning of per se illegality by requiring the plaintiff to prove a number of pre-conditions, including substantial market power.  The analysis here is relevant to the current law in the U.S. on tying in a couple of different ways.  First, it is clear that tying can result in very competitive markets for entirely benign reasons.  In a competitive market with switching costs, there is a danger that pricing will follow an inefficient bargain-ripoff pattern given the inability of the seller to commit contractually not to exploit its past customers.  One of the inefficiencies associated with this pattern is that the initial sale will be below cost, thus inviting inefficient sales to customers that do not value the good at its cost of production.  Tying can avoid these inefficiencies by screening out low-value buyers.  Competitive markets may compel tying by firms in order to avoid the private losses that result from such sales, and the firm failure that accompanies losses in competitive markets.  It is clear that not only does the existence of tying not imply the existence of market power, but competition itself may precisely be the reason why sellers engage in tying.  The Court in Jefferson Parish was not only right to require substantial market power before challenging tying because only where there is such market power will there be a risk of social losses from tying, but more affirmatively, this analysis provides an explicit reason why competitive firms adopt tying, and why it is efficient that they do so.

The analysis would go further in its implications in that it provides an efficiency motivation for tying even if the seller has market power.  Given the existence of switching costs and ex post market power from exploiting past customers, even a monopolist may want to offer a discount in the first period to compensate for high prices in later periods; otherwise, the anticipated price of the package may deter too many (from the monopolist's perspective) buyers from buying.  Tying in the first period rather than offering a cash discount is potentially more efficient because of its screening properties.

In addition, even if the switching costs were created in the contract between seller and buyer, that is, even if they were discretionary, as where there is an explicit tie of aftermarket products to the good, first period tying can be efficient.  Taking the initial good-aftermarket good tie as given, first period tying is unambiguously efficient.  Rather than offering a cash discount to compensate buyers for anticipated high prices in the future, the seller can screen out low-value buyers by offering a tie.  But even if the aftermarket tying is not taken as given, the first-period tie is likely efficient.  There is a large literature on the reasons for aftermarket tying.  Suffice it to say that the aftermarket tie will often be efficient.
  But even if it is not, to ban the first-period tie, one would have to conclude that the first-period tie is pivotal to the choice to tie in aftermarkets.  If the aftermarket tie were to take place in any event, as noted, the first-period tie is efficient.  It is only a small set of cases where tying as a screening device could lead to inefficiencies.

As a consequence, the analysis here offers further ammunition to those who would recommend departure from the qualified per se illegal treatment of tying in the U.S.  First-period tying in markets with switching costs, even where the switching costs are voluntarily created by sellers with market power, is very likely to be efficient.

b. Kodak

The analysis of tying in this article also has implications for the well-known Kodak case.
  To review briefly, the case resulted from the decision by Kodak not to supply proprietary replacement parts to independent service organizations (“ISOs”) that previously had been hired by photocopier owners to repair their Kodak machines.  This change in policy effectively eliminated ISOs from servicing Kodak machines.  The ISOs launched an antitrust complaint against Kodak, alleging that the decision not to supply amounted to an unlawful tying arrangement and monopolization of the Kodak photocopier service market.  Kodak moved for summary judgment, arguing that since it did not have market power in the photocopier market, it could not impose an illegal tie.
  A majority of the Supreme Court denied Kodak’s motion for summary judgment, emphasizing two market imperfections that could have led to a finding of market power in the photocopier market.  First, many purchasers of Kodak machines, after buying the machines, were effectively committed or "locked-in" to purchasing service for Kodak machines since their machines would be worthless without it.  Second, the Court suggested that there were information imperfections that made it difficult for buyers fully to engage in “life-cycle pricing,” which left them vulnerable to supra-competitive prices in aftermarkets.  On remand, the Ninth Circuit upheld a lower court decision in favour of the ISOs.


One of the more interesting commentaries on the Kodak case offers an economic justification for the result that the Supreme Court did not advert to, and almost certainly did not have in mind.  Borenstein, MacKie-Mason and Netz argue that the Court's approach may be efficient in helping sellers of durable goods respond to a commitment problem they face in aftermarkets.

As we have emphasized here, durable goods sellers may be unable to commit not to exploit their installed base.  Strong competition in the durable good market will not necessarily deter high aftermarket prices, given that sellers can discount the durable in order to attract customers even as they exploit the installed base with high aftermarket prices.  As a result, the durable good market may be afflicted by an inefficient low-high price path for the durable and aftermarket products.

Other commentators, like Shapiro,
 are sceptical that the concededly possible inefficiencies from bargain-rip-off pricing paths justify antitrust intervention.  Shapiro concludes that consumers would largely be compensated for high aftermarket prices through discounted equipment prices.
  The analysis here offers additional, distinct support for scepticism.  The availability of tying as a screen reduces distortions in the equipment market relative to price discounting.  Not only might equipment discounts compensate consumers for high aftermarket prices, but tying, including warranties, can be relied upon to reduce the inefficiencies associated with possibly below-cost equipment prices.  The case in favour of Kodak to remedy inefficiencies from bargain-rip-off price patterns is weaker than previously supposed.


c. Warranties and Antitrust

The most direct application of the analysis here is to cases in which complainants have objected on antitrust grounds to warranties offered by the seller of a durable good.  In SMS Systems,
 for example, independent providers of service to users of Digital brand computers objected to Digital's extension of warranties for its "Alpha" line of servers to three years from its prior policy of one year warranties.  SMS objected that the extension of the warranty was anticompetitive in that it represented an attempt by Digital to monopolize the aftermarket service market, which the court described as "dynamic and lucrative."
  

The First Circuit accepts the complainant's contention that there were two distinct markets, equipment and aftermarket service.  There was evidence that there were some sellers that did not include warranties with the sale of computer equipment, suggesting the existence of two distinct markets and the possibility that Digital was attempting to monopolize the distinct service market.
 But the First Circuit does not accept that Digital had behaved improperly in extending its warranty.  The Court concludes that Digital did not monopolize service even during the term of the warranty, noting that ISOs did on occasion service machines that were under warranty.
  The Court concludes that buyers still had a choice to use ISOs given that doing so would sacrifice only the investment in the warranty, not the equipment as a whole.


The First Circuit eventually reaches the right conclusions, but this line of argument is not compelling.  The Court concludes that "the only switching cost at issue is the cost of writing off the portion of the equipment's purchase price that represents the warranty," rather than the cost of the machine as in the Kodak case.
  The First Circuit's argument is unconvincing.
  Even if the switching cost were only the cost of the warranty, this would be sufficient to deter some sales to ISOs.  To attract sales during the warranty period, the difference in value to buyers between ISO and Digital's service must exceed the ISO's cost of providing the service.  One would imagine that, if possible, Digital would exploit these switching costs with higher prices for aftermarket parts and service.


More persuasively, the First Circuit stresses that Digital's decision effectively to hinder ISOs in bidding to service Digital equipment during the now-longer warranty period was not the result of a lock-in effect from a previous decision to buy a particular piece of equipment, as in the Kodak case.
  Kodak's customers may not have anticipated the decision to eliminate ISO service in the future, while here the service for the first three years was sold at the same time of the equipment purchase.  Digital was not exploiting its installed base given that the aftermarket bundle only applied to new sales.


The First Circuit is correct that the prospective nature of the warranty leaves it highly unlikely that Digital was exploiting its installed base with its extended warranty policy.  The only possible argument is a very indirect one: by offering the warranty, Digital would eliminate ISO providers, change the competitive structure of servicing Digital computers, and allow Digital to charge higher prices in aftermarkets.  Not only is this a stretch in its own right, it is inconsistent with Digital's practice of supplying parts to ISOs; there were more direct ways to hinder its competition in aftermarkets than offering a warranty.

In response, SMS argued that lock-in effects, or switching costs, did not result only from the cost of purchasing new equipment, as in the Kodak case.  Rather, SMS contended that once the decision to purchase Digital equipment had been made, even buyers of new equipment were potentially subject to lock-in effects that left them vulnerable to higher prices for services resulting from the bundle imposed by the warranty.
  The Court rejects the argument, concluding that SMS had not offered convincing evidence of these lock-in effects.


Even if there were switching costs when purchasing new equipment, SMS provided no reason why Digital would exploit past customers by imposing a warranty that implicitly charged a higher price for service.  Why would it not have simply raised its prices?  The theory of Kodak and similar cases offer a coherent reason why Kodak would raise aftermarket prices: to exploit the installed base of customers who face switching costs to new equipment.  If even buyers of new equipment are vulnerable to switching costs, higher prices for the equipment are the most direct way of exploiting the seller's situational market power.

In addition, and of greatest relevance to the reasoning in this article, it is noteworthy that SMS did not allege that the warranty resulted in higher effective prices for service, which would have been the logical result if Digital were exploiting past Digital customers.  Rather, SMS apparently alleged that "the price of the warranty – whatever it may be – actually represents a loss to DEC compared to what it would have gained had it kept its one-year warranties and charged for service during the second and third years."
  This allegation, as the Court notes, is inconsistent with the notion that the extended warranties were designed to exploit switching costs.  On the other hand, the allegation is consistent with the conception of warranties as screening devices.  
Digital supplied apparently proprietary parts
 to equipment owners both through its own service channels and through ISOs.  Buyers of equipment would anticipate potential installed-base opportunism as a result of this ex post monopoly.
  Assuming that it participated in a competitive market, Digital would have been compelled to offer initial discounts to customers in order to win market share that would result in ex post supracompetitive profits. Rather than offering cash discounts that may have attracted inefficient sales to low-valued purchasers, Digital offered an extended warranty that was more valuable to relatively high-valued customers at a very low effective price.  That is, the allegation by SMS that the warranties were offered at an effective price that did not cover Digital's opportunity costs is consistent with the claim that the warranties were relied upon as efficient screening devices.


Even if Digital had some market power, the extended warranty was consistent with compensation to high-demand buyers.  Digital may have preferred a price pattern in which the original equipment was sold at a low price and parts and service were sold at a high price.  But if profit-maximizing equipment prices were too low, that is, below cost, there could have been inefficient sales to low-demand consumers.  Through adoption of the longer warranty period, Digital bundles service in the first three years at a price that was below the price of the service when unbundled.  This is consistent with effectively offering a discount that was more valuable to high-demand consumers given their higher demand for service.   SMS' allegation that the price of the warranty represented a loss to Digital is consistent with reliance on the warranty/tying contract as an efficient screening device.
V. Conclusion
Switching costs can lead to inefficient price paths over time, with excessively low prices for initial purchases and excessively high prices for later purchases.  Rather than offering cash discounts, sellers can bundle products to the tying good that have a value to buyers that is correlated with the value to them of the tying good.  This mechanism screens out inefficient sales to low demanders.

A number of legal implications flow from the analysis.  Tying as a screening device offers a novel positive understanding of warranty contracts.  Buyers of durable goods are subject to installed-based opportunism that takes advantage of high switching costs, and consequently high prices in aftermarkets.  Rather than offering a cash discount when selling equipment, the seller can bundle service, that is, offer a warranty.  The bundled service is plausibly more valuable to those with relatively intense demand for the equipment, and thus may screen out inefficient sales to low demanders.


There are also several normative implications from the analysis.  First, the analysis provides a new efficiency explanation of tying.  There is another reason to abandon even qualified per se illegal standards for tying.  Second, the inefficiencies associated with ex post market power in aftermarkets, as in the Kodak case, are even less significant than some commentators have suggested.  Even if durable goods sellers cannot commit not to raise aftermarket prices to their installed base,
 competition in the original equipment market does not necessarily lead to inefficient discounting.  Rather, tying can result in better targeted first-period discounts and smaller deadweight losses.  The social losses from the commitment problem described by Borenstein et al. may be even smaller in practice than previously supposed.  Finally, the analysis provides a further defence to sellers who have been accused of attempting to monopolize aftermarkets by offering a warranty.  Warranties, even where they effectively offer service to the customer at a price below cost, can be efficient screening devices. 

APPENDIX

ASSUMPTIONS 

There is a machine and an aftermarket product.  For the purposes of the model, let the machine be a computer and the aftermarket product be punch cards.  The cost of producing the computer is C, while the cost of producing the punch cards is zero. There is a population n of potential buyers.  The customers derive zero value from the machine by itself, but derive value from the use of the machine with punch cards.  Demand varies across the population in the following way.  Individual i derives positive value, V, from each of 
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 punch cards, and zero value from each card beyond 
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 from her optimal computer-punch card combination.  The population, n, is ordered according to demand: 
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The seller of the computer is a monopolist.  Buyers buy the computer in one period and punch cards in the next; it is a simple two-period model with no overlapping generations.  The seller ties the sale of punch cards to the sale of the computer.  I consider two possibilities: first, the seller cannot commit to a specific price for punch cards in the second period; and second, the seller can commit to a specific price for punch cards in the second period.  The seller, while it may or may not be able to commit to prices of unpurchased punch cards in the second period, can “throw in” (bundle) a certain number of punch cards with the sale of the computer in the first period. 

CASE I: MONOPOLIST CANNOT COMMIT TO SECOND-PERIOD PRICES

In this case, I assume that the seller cannot commit to specific prices for punch cards in the second period.  The equilibrium is found by considering first outcomes in the second period.  The profit-maximizing price for the punch cards in the second period, after the price paid for the machine is sunk, is 
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.  V is the maximum buyers are willing to pay, so the optimal second-period price is obvious.  

All surplus from consumers is extracted from the buyers in the second period.  This implies that the optimal price of the computer must be zero, or no sales would be made.  That is, 
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.  In the absence of a commitment to second-period prices, the seller must give away the computer in the first period.  (This outcome captures the intuition that raising prices on aftermarket products in order to price discriminate all things equal tends to lead to lower prices in foremarkets: the larger capture of consumer surplus in the aftermarket leaves less surplus to capture in the foremarket.)

Profit in the no-commitment case is given by the following.  
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.  The seller captures all consumer surplus from all customers, selling n computers and 
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Such an outcome does not maximize profits since it results in sales to buyers who do not buy a sufficient number of punch cards to pay for the cost of the machine, which was sold (given) to them in the first period at a zero price.  Let the marginal customer be signified by 
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, the value of the optimal computer-punch card package is exactly equal to the cost of the machine; that is, 
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.  The seller would prefer only to sell to the marginal customers and those who place even greater value on the goods.  Simply raising the price of the computer above zero better deters inefficient, unprofitable sales, but undermines price discrimination in the second period, since higher computer prices must be offset by lower punch card prices or customers will not buy.  

There is a simple way to target only high demand customers while continuing to price discriminate: charge a positive price for the computer and bundle with it goods that have more value to higher value buyers as a screening device.  The obvious good to bundle in this case is the punch card itself.  The seller can maximize profits by bundling 
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 punch cards with the computer and charging, 
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 for the bundle.  This serves as a screen, since only buyers who would realize value of at least 
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punch cards would be willing to pay this price for the computer-punch card bundle.  Tying allows the seller to charge a sufficiently high price in the first period to screen out low demanders, while not requiring lower prices or profits in the second period since the bundled goods fully compensate high demanders, and only high demanders, for the higher computer price.  Bundling results in profit, 
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The gain to tying as a screening device is given by 
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, since all customers below the margin do not value the computer-punch card package as highly as the cost of the computer .  Tying in this context is also efficient, as it screens out inefficient sales to low demanders.  In this simple model, social welfare is maximized, just as if marginal cost pricing for the computer and punch cards were adopted.  More generally, where the seller cannot commit not to tie punch cards in the second period at a monopolistic price, bundling is efficient in that it mitigates losses from inefficient sales in the first period that result from discounting initially to compensate for future exploitation of the installed base of customers.

The model reveals that first-period bundling is likely to be relatively more profitable, ceteris paribus, (a) the greater the number of potential customers that do not value their optimal computer-punch card package at its cost (i.e., the higher is 
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); (b) the higher the cost of the computer, C; (c) the smaller the number of punch cards valued by sub-marginal customers, 
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; and (d) the lower the value per punch card, V.   The intuition for these results is straightforward.  Clearly, the greater the number of customers who potentially purchase the computer even though they do not value it at cost, the greater the potential losses from an inability to screen.  The higher the cost of the computer, the greater the potential losses from inefficient sales, particularly in a model like this where the optimal first-period price is zero.  The smaller the number of punch cards demanded by low-demand customers, the greater the inefficiencies from their acquisitions of computers since the larger is the wedge between their valuation and the cost of the machine, all things equal.  The smaller the value of a punch card, the greater the inefficiency losses because the larger, all things equal, is the gap between value and cost when selling to low demanders.

Welfare implications are obvious in this case.  Both with bundling and without, sellers capture all consumer surplus.  Profit thus is social welfare; consumers are indifferent about the seller’s approach.  When sellers cannot commit to second-period prices and do not bundle, there are socially undesirable sales to low-demand customers that lower social welfare.  Social welfare and profit are higher with bundling.

CASE II: MONOPOLIST CAN COMMIT TO SECOND-PERIOD PRICES

Consider first the case where the monopolist can commit to second period prices but does not bundle in the first period.  The advantage of being able to commit to aftermarket prices initially is that the seller can raise computer prices above zero without losing all sales because of customers anticipating maximum prices and no consumer surplus in the second period.  The ability to raise price above zero allows the seller to screen out sales to low demanders in the first period.  But, as I show, such a screen lowers the seller’s profits relative to bundling since it entails lower, and hence less discriminatory, prices in the second period.

The seller maximizes profits under current assumptions by setting prices as close to V as possible in the second period in order to capture consumer surplus. This requires an offsetting low price for the computer in the first period, but optimally one high enough to screen out low demanders.  The possibilities are given by the following prices.  Price second period is 
[image: image20.wmf]e

-

=

V

P

y

 and price for the computer is 
[image: image21.wmf]e

q

f

=

x

P

.  With these prices, customer i  realizes value from the computer-punch card package of, 
[image: image22.wmf]e

q

q

e

q

e

q

f

f

)

(

))

(

(

-

=

-

-

-

=

i

i

i

V

V

V

.    These prices screen out low demanders, since 
[image: image23.wmf]0

>

i

V

 if and only if 
[image: image24.wmf]f

q

q

>

i

.  Profit in this case is, 
[image: image25.wmf]).

)(

(

)

(

C

n

V

n

i

i

c

-

-

+

-

=

P

å

=

e

q

f

e

q

f

f

  Profit is higher the lower is 
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 as low as possible while remaining greater than zero.

If the seller can commit to second period prices, it can earn higher profit than if it cannot so commit.  The difference in profit is 
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 is very small, this is greater than zero since 
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 (buyers below the margin value the punch cards less than the cost of the machine).  

The seller can do even better by tying .  The ability to commit is not relevant where there is tying since the optimal price with tying is the ex post profit-maximizing price, 
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The incremental profit from tying as screening turns essentially on how much more customers above the margin collectively demand punch cards than the marginal buyer.  This contrasts with the relative profit of bundling when the seller cannot commit to second-period prices, which turns largely on the difference between the marginal customer and other buyers above the margin.  The intuition is that screening out low-demand buyers by raising computer prices and lowering punch card prices results in weaker price discrimination.  The more demand varies within the class of infra-marginal buyers, the more that weakening a discriminatory pricing strategy sacrifices profit.

This last result provides a more general implication.  The advantages of tying as a screening device arise the more there are gains from price discrimination, since bundling allows the seller to screen out low-demand customers from high-demand customers without lowering prices in aftermarket sales.  The more that aftermarket demand varies, the better for the sellers to realize value from buyers in aftermarkets rather than original equipment.

The welfare implications in this case are not as straightforward as in Case I.  Where the manufacturer cannot commit to second-period prices, it is clearly welfare-enhancing to rely on first-period bundling as a screening device.  But where it can so commit, the seller can screen customers by raising price in the first period and lowering them in the second.  In the model here, efficiency effects are the same whether higher first period prices or bundling is used as a screening device (the efficient quantity is sold in both cases), but the seller earns more profit by relying on bundling.  The reason is that tying allows higher second period prices and hence more effective price discrimination among buyers.  Since bundling as a general proposition facilitates price discrimination, the conclusion is that the more efficient is price discrimination, the more efficient is bundling.  
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