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Abstract

We examine the market power of a seller who repeatedly offers upgraded versions of a product.
In the case of pure monopoly, the seller aso controls compatibility across versions. In the case of
an entrant who offers an upgrade, the incumbent seller also controls subsequent interoperability
across versions. We argue that control of compatibility and interoperability does not allow an
incumbent seller to charge a price premium relative to when such control is absent and,
consequently, neither is a necessary source of market power.
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1 INTRODUCTION

Markets for upgrade goods have been the subject of intense scrutiny in recent years, the
debate being fueled, in no small part, by the controversies surrounding the antitrust actions
against Microsoft in the U.S. and Europe. Many commentators and economists have expressed
concern regarding the market power of an incumbent firm who controls the underlying platform,
whether for software or some other upgrade good. Specifically, the incumbent can offer upgrades



and exploit either alack of compatibility between product versions or alack of interoperability
with applications from other firms to gain market power.

Software is often the good that first comes to mind when thinking about upgrades.
Computer operating systems from Apple and Microsoft have gone through many generations and
upgrades in the decades since their introduction and a recurrent issue has been whether existing
application programs will function with upgraded operating systems. Apple has emphasized the
ability (and hence interoperability) of its Leopard operating system to support PC programs that
are based on the Microsoft Windows operating system. Another prominent example comes from
the market for enterprise resource planning software. The hostile takeover of PeopleSoft by
Oracle triggered strong regulatory and customer concerns regarding upgrades and support of
existing PeopleSoft products and interoperability between the two firms' products. By contrast,
such concerns were much more muted when PeopleSoft acquired J.D. Edwards, a case where
expectations about upgrades and interoperability were more positive.

Where interoperability refersto products from different firms, compatibility typically
refersto the ability of products from a single firm, often different upgrade versions of a program,
to function without conflicts. There are many familiar examples of applications programs, such
asword processors, spreadsheets, and media players, where compatibility has been an issue. For
example, the Adobe Acrobat Reader program will notify the user that some features are
unavailableif the file was created for alater version of the program.

While compatibility and interoperability are familiar issues for upgrades in software
markets, many capital goods markets also have a clear upgrade dimension. B-52 bombers are an
interesting example -- the basic airframe has been in use since the 1950's but many of the critical
systems such as avionics, engines and weaponry have been repeatedly upgraded and the planes
are expected to remain in use for severa decades to come. The evolving nature of upgradesin
camera markets illustrates how compatibility and interoperability issues can persist in the face of
major technology changes. Camera makers have long been accused of making it difficult for
their camera bodies to work with lenses from a competitor. From the 1930s through the late
1980s this took the form of patenting the attachment mechanism. Since that time, technology has
shifted and the camera-lens interface now involves digital communication protocols. The camera
body makers, however, have again been criticized regarding interoperability, this time for not
fully disclosing the necessary information. With respect to incompatibility, razors and blades
across product generations are a classic example.

A common economic feature of software and these other products is that the buyer is
purchasing a durable asset and then consuming a flow of services. While there are a number of
examples of successful upgrade introductions, where buyer adoption gains momentum as later
buyers are pushed to follow initial adopters of the upgrade, it is also possible to identify
prominent failures. Thisleads us ask whether the control of compatibility/ interoperability (C/I)
implies not only an increased likelihood of adoption of an upgrade, but also the ability to charge
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higher prices. If so, then control is necessarily avaluable option for the incumbent and it implies
an ability to earn higher profits.

Imagine a market in which products are always C/I. Consider the outcome in such a
market and suppose that the seller offers upgrades at a price p and that all buyers accept the
offer. Thus, buyers upgrade on aregular basis and p divides the surplus between the seller and
buyers. Now, suppose that the seller can control whether versions are C/I with each other. Isthis
avaluable tool for the seller, either because products will be made incompatible in practice or
because the mere threat of doing so supports higher prices? If so, then the market outcome
without C/I control must be vulnerable to the seller’ s ability to control C/I. In particular, the
seller should be able to successfully increase the price from p. Without C/1 control, buyers must
reject any price above p, and thisis what keeps the seller from raising prices. Thus, we need to
assess whether buyers would necessarily accept a price above p when the seller has C/I control.
If s0, then we have a clear measure of increased market power: whatever the price was without
Cl/1, aseller with C/I control will always be able to charge a higher price without sacrificing
adoption.

We argue that thisis not the case and that C/I control implies no such ability to command
higher prices. Stated a bit differently, this means that the original price of p will remain a stable
market outcome even when the seller has C/1 control. Thus, if the seller were to raise the price
and exploit a C/l option, then buyers must be willing to refuse the offer. A key aspect of the
credibility of thisrefusal isthe ability of the seller to tempt an individual buyer to purchase when
others are not. It ison this dimension that C/I control fails to deliver awedge that alters an
individual buyer’s evaluation of an offer and, consequently, the original market outcomeis
robust. Thus, neither incompatibility nor non-interoperability is a necessary source of increased
market power for amonopoly seller of upgrades.

Paradoxically, market power is not driven by an individual buyer’s fear of falling behind
the market. Aswe explain below, it is perfectly consistent for individual buyers to have avery
strong incentive to keep up with the market and for the seller to lack market power. In fact, we
find that alack of C/I only reinforces the incentive to keep up with the market. Instead, the
source of market power lies with altering the incentive to adopt an upgrade even when others are
not.

The next section describes our basic assumptions concerning upgrade markets. We then
turn to the argument for compatibility and buyer willingness to pay for an upgrade. Next, we
extend the argument to settings with interoperability and demonstrate that C/I control does not
ensure an increase in market power even when an incumbent monopolist of a platform good can
offer a perfect substitute for a competitor’s add-on good. Finally, we consider empirical
implications.



2 BASIC ASSUMPTIONSAND UPGRADE MARKET
STRUCTURE: COMPATIBILITY

We examine a dynamic market in which a monopolist generates upgraded versions of a
good in every period (e.g., annual upgrades). In response to each seller offer, buyers decide
whether to remain with an old version of the good or to buy a new version (upgrade). A
canonical example isthat of software programs such as word processing, digital photo
processing, and spreadsheet analysis. In all these cases a buyer can stay with their current version
or upgrade when the seller offers a new version. Software programs that do not fit our
framework are those with limited lifetimes, such astax preparation software, where the previous
year’sversion is rendered obsolete by tax code changes.

We begin by considering the seller’s commercialization options for quality upgrades. At
each point in time, the seller can offer versions of the good that vary in quality, from low to high,
up to the current state of the art. Astime progresses, new innovations become embodied in
higher quality versions. Moreover, the seller can offer any given version at a price that depends
on the buyer’ s current version of the good. This structure is common for software programs and
other upgrade goods. For example, many software packages including Microsoft Office, Adobe
Acrobat, and Scientific Word are offered on thisbasis. As a case in point, Adobe offersits
Acrobat program in three versions, Standard, Pro, and Pro Extended; each version then has an
upgrade price for existing customers and a “full price” for new buyers. Current users can buy
Acrobat 9 Pro Extended for 229 dollars while a new user must pay 699 dollars.

Our multi-version, multi-price framework for a seller’s offering is quite flexible.! It does,
however, reflect a choice of the seller and is not a primitive aspect of the upgrade good. In this
regard, we note that there are at least two underlying structures that lead directly to the multi-
version, multi-price framework.

Thefirst case isthe simpler of the two. Suppose that each version is ‘unbreakable’ in the
sense that it incorporates all prior innovations. Thus, the versions are nested with regard to
quality. Thisallows, for instance, that one version is alower capability program while another,
by incorporating additional innovations, is the current state of the art product. Then, aslong as
the seller can condition a purchase of any version on the buyer’ s purchasing history, we arrive at
amulti-version, multi-price framework.

For the second case, imagine that each innovation is embodied in a distinct good
(breakable upgrades) but that they form a cumulative technological sequence in which the latest

' If the seller must sell all upgradesin a package and cannot price according to prior purchases,
then the seller’ s market power is necessarily limited (see Fishman and Rob (2000)).



good will not work unless all prior goods are in place (downward complementarity).  The seller
can then implement a multi-version, multi-price offering and effectively charge different prices
to buyers with different current holdings by relying on downward complementarity: no buyer
who lacks previous units will buy an advanced good without also purchasing the missing units. A
buyer with the missing units, however, will be willing to purchase the advanced good by itself in
anumber of circumstances.

Software often has elements of each of these scenarios. Succeeding generations of an
operating system illustrate the first case. The second case, which is abit more subtle, arises
whenever an innovation can be implemented in conjunction with an existing program. Many
familiar examplesillustrate this point. For a number of years users of word processors, such as
MSWord 2003 and Scientific Word 3.0, used Adobe Acrobat to make versions of their
documents in PDF format files (note that the issue of interoperability across competing products
arises here). Currently, MSWord 2007 and Scientific Word 5 generate PDF format files
internally. Thus, while innovations can be bundled into alarger program or remain a separate
program, each case can be accommodated by the seller’s commercialization options in a multi-
version, multi-price framework.?

Now, we turn to assumptions on buyer preferences. In order to concentrate on the basic
economic structure of a dynamic upgrade market, it isinstructive to focus on settings where the
added complexity of price discrimination across buyer typesis absent.* Thus, we assume that all
buyers have identical preferences and obtain value from only one unit of each quality increment.
As aresult buyers would only choose different seller offersif their current versions differed. In a
static market, with only asingle quality of agood, thisis the familiar idea of a horizontal demand
curve. A profit-maximizing monopoly seller then has a very simple solution to the pricing
problem -- set price equal to the willingness to pay, which is the same for all buyers. Since all
buyers purchase the good the outcome is efficient and social surplusis maximized. However,
since the entire surplus accrues as profit, the market power of the seller is maximal in thissimple
static setting. Moreover, as shown by Fudenberg, Levine and Tirole (1985) if thereisasingle
durable good of unchanging quality, the dynamic outcomeisvery simple. Thereis no delay and

> Thisis a standard assumption in the economics literature on upgrade goods see, for example,
Fudenberg and Tirole (1998), Ellison and Fudenberg (2000), and Fishman and Rob (2000).

3 Other software examples include the use of graphics programs and spreadsheetsin
conjunction with other programs. For examples outside of software, note that the fore mentioned
B-52 example fits the second case, while televisions with respect to screen sizefit the first case.

* As discussed above, offering high, medium, and low quality versions correspondsto a
textbook form of second-degree price discrimination. It isaso common for sellers of software to
offer commercial, academic, and student versions often requiring identity verification of the
buyer, much like the textbook form of third-degree price discrimination.
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all buyers purchase the good immediately, paying a price equal to their willingnessto pay, the
full socia surplus.

It is tempting to conclude that with homogeneous buyers this extreme form of market
power for the seller will necessarily carry over to a dynamic upgrade market. Thus, one might
conjecture that the seller will offer upgrades at prices that capture the entire social surplus. But
the economic structure of an upgrade market is fundamentally different from a single durable
good environment -- social surplus increases as upgrades become available and this transforms
the buyer-seller relationship from a*“ zero-sum” situation to one where a larger surplus must be
divided in the event of delay.

Given identical buyers, let us consider the flow utility (value gross of price) that atypical
buyer receives in a period based on their holdings and the holdings of other buyers. We divide
the flow utility into intrinsic stand alone and network components. The stand aone value can
exhibit compatibility effects and these can operate in both the forward and backward directions.
At this point, it is standard practice in the software industry for programs to be backward
compatible — the files one created in the old version will work with the new version; we follow
others, including Ellison and Fudenberg (2000), and make this backward compatibility
assumption. To address the issue of incompatibility, we will assume some lack of forward
compatibility — files created with the new version have conflicts with the old version.

Network externalities, generated by direct or indirect effects arising from the added value
to an individual when other buyers also use a product, amplify the impact of incompatibility and
interoperability on the flow utility to abuyer. Thus, abuyer who is"ahead" of other buyers
suffers no direct network loss from being ahead (backward compatibility) as for instance when
filesfrom other users are needed. By contrast, a buyer who is "behind" the market, may receive a
lower value from his holdings, a compatibility loss, as when afile from an advanced buyer is
unusable. Thus, the possibility of forward incompatibility with newer versions of the product
combines with the network effect to lower the consumer's utility from interactions with buyers
who have a more advanced version of the good.

An example may help to frame the issues regarding market power, incompatibility, and
the willingness to pay for the buyers. Suppose that a monopoly seller of a software product offers
annual upgrades when they first become available. To keep things simple, let the typical buyer
value the incremental surplus over each of the coming years from each upgrade at 1 dollar.
Further, set all seller costs and buyer adoption costs (except the product's price) to zero. For a
tangible example, we can imagine aword processing program that adds a new feature each year
such as spell checking, enhanced printing capabilities for internal pdf generation, web access,
and so on.

The efficient outcome would be for all buyers to upgrade each year. The joint seller and
buyer surplus generated is then the full present discounted value (PDV) of the upgrade good. A



seller with perfect or complete market power would be able to capture the full present value of
each upgrade. For instance, with aflow value of 1 dollar, the full present value is approximately
10 if the interest rate is 10%. At the other extreme, a price of 1 provides alower bound on the
market power of the seller: it is clearly adominant strategy for an individual buyer (negligiblein
the overall market) to purchase at any price up to the flow value independent of any future
considerations, since the upgrade will pay for itself in one period.

What market price, from the low of the one period flow value to the high of the full PDV,
will the monopoly seller be able to charge for each upgrade? In other words, what constitutes the
appropriate notion of willingness to pay on the part of buyers? Willingnessto pay is central to
the notion of a credible threat to refuse an offer from the seller. That is, if no individual buyer is
willing to refuse an upgrade offer at a price below the full PDV, then the market price must be
the full PDV: the seller will have perfect market power and be able to capture the full surplus
generated by each upgrade. On the other hand, if buyers do have a credible threat of rejecting
some offers at prices below the full PDV, then the seller will not have complete market power. In
fact we will argue that buyers do have a credible threat in an upgrade market and that, in turn, the
market power of the seller may be limited to charging a price as low as the one period flow value
of each upgrade. In general, any price between the one period flow value and the full PDV can
be supported as an equilibrium price. Furthermore, since making goods incompatible will only
lower a buyer’ s willingness to move ahead of other buyersin the market when network effects
are present, it will not improve aseller’s profitability.

3 THE ARGUMENT FOR WILLINGNESSTO PAY

How could it be that control of compatibility does not guarantee the ability to
successfully raise prices? A natural intuition is that compatibility issues lead an individual buyer
to be fearful of falling behind the market and thisis the key element to increasing willingnessto
pay and hence high prices. A more subtle intuition isthat it is the opposite position in which an
individual buyer moves ahead of other buyersthat is the key element in the market power
argument. In both cases, however, we need to understand buyer expectations regarding the
consequences of abuyer falling behind or moving ahead of the market. We argue that it is the
nature of the second position, in particular the ability of the seller to tempt a buyer to move
ahead of the market, that explains why platform control does not imply increased market power.

We consider market adoption paths that satisfy two properties. First, we assume that there
is no persistent inefficiency in any continuation play. This property has implications both on and
off the market equilibrium path. We focus on equilibrium outcomes that follow the efficient
outcome path (see above) for the adoption of upgrades -- buyers always end up moving to the
"state of the art" version. However, acritical question for market power involves expectations for
what would happen if the market were to veer off of this path. For example, suppose the seller
offers an unexpectedly high price and some or possibly all of the buyers refuse and hence fail to
acquire the latest upgrade. Then, in the continuation play following any such episode, no
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persistent inefficiency means that for any distribution of buyer holdings of upgrades, the off-the-
equilibrium continuation outcome has all buyers moving immediately up to the state of the art
(this continuation support can be justified as in Anton and Biglaiser (2009)).”

The second property specifies what happensto an individual buyer who either falls
behind or jumps ahead of other buyers and, thus, becomes "out of sync" with the rest of the
market. If abuyer falls behind the market, then we specify that the buyer receives no increments
in surplus from any market purchase in the future. Such a buyer might make purchases, but the
price extracts the value of catching up with the market. In practice, for example, Adobe Acrobat
owners can buy Adobe Acrobat 9 Pro Extended for 229 dollars while "new buyers' pay the new
higher price of 699 dollars. Observe that this property can only enhance a seller's market power -
abuyer isfearful that if he does not buy when others do then he will lose out on any future net
benefits from participating in the market, and this makes the incentive to keep up with the market
as strong as possible. We note that this refers to an individual buyer's choice relative to overall
market and not the movement of the market itself.

If, instead, a buyer is ahead of the market, then a seller's offer that returns the mass of
buyers to the efficient adoption path will also attract a buyer who is ahead of the market. That is,
we assume that there is sufficient future surplus that this buyer will want to keep up with the rest
of the market and avoid letting the market pass them by. Since a buyer who falls behind the
market obtains no further surplus, this property is conservative with respect to the required future
surplus for a buyer who jumped ahead of others to keep up with the market.®

We are now ready to proceed with the main argument regarding willingness to pay,
compatibility, and market power.

Suppose, as required by efficiency, that all buyers enter the current period with the prior
state of the art (they have all previous upgrades). At this point, an efficient outcome implies that
the seller is supposed to offer the latest upgrade for some price p and al buyers are supposed to
accept the offer. Imagine that p falls short of the full present discounted value of the upgrade.
Suppose that, instead of p, the seller offers a higher price for the upgrade. What should a buyer
do? Buyers who lack a credible threat will necessarily acquiesce to the higher price and the seller

> Anton and Biglaiser (2009) also examine equilibriawith delay and show that a seller cannot
exploit such an inefficient market path to achieve an increase in market power. In the event of
delay, efficiency is necessarily compromised, since delay reduces the surplus available (e.g., the
full efficient surplus cannot be extracted from buyers).

®We are implicitly assuming that a buyer who is ahead of the market is not discriminated
against based on holding a more advanced version and can purchase the same package the seller
offersto other buyers. For example, any 2000-2007 Office program or suite qualifies a buyer to
purchase Office Professional at the upgrade price. If, instead, the seller did price discriminate
against abuyer who is ahead of the market, then that buyer would obtain even less future surplus
and thiswould only strengthen our willingness to pay argument.
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will inevitably capture the full surplus from buyers. We claim, however, that the buyers do have
acredible threat to refuse the higher price.

To understand the idea of abuyer's credible threat, suppose all other buyers will reject the
offer and consider whether an individual buyer will rgject the offer eveniif itisonly for aprice
dlightly above p. Anindividual buyer would then find himself in the position of deciding whether
to accept, moving ahead of other buyers, or reject. In the following period, the continuation
outcome for the situation where the market has fallen behind the state of the art, a temporary
inefficiency, isthat all buyers acquire the latest upgrade along with any missing previous
upgrades. So, a buyer who moves "ahead" of the market by making a purchase when others do
not will in turn be confronted with the decision about whether to keep up with the market when
other buyers move back up to the state of the art (return to the efficient path). If he does not
purchase, then he will fall behind the market and as noted above thiswill preclude any future
surplus increments. On the other hand, if the buyer keeps up with the market and makes the
purchase, he will resume a path that is identical to that of other buyers. Provided that the utility
increment from keeping up with the market is sufficient, as we hypothesized above, then the
buyer will make the purchase.

Thus, and thisis crux of the argument, the most that the buyer would ever be willing to
pay to move ahead of the market is exactly the single period flow value from the upgrade.
Intuitively, not purchasing generates an expectation that the missing upgrade will be acquired
next period. Purchasing thus provides only a single period of additional flow value, since the
buyer expectsto rejoin the efficient path next period along with the buyers who refused the offer.

To complete the argument, return to the initial attempt by the seller to increase the price
above p. If theinitial price p is above the single period flow value, then the buyer should reject
the offer. Aswe just argued, the buyers do have a credible threat to reject a seller's offer when
the seller attempts to raise his price above the equilibrium price. Given that other buyers are
expected to reject the price increase, an individual buyer will also reject and the seller will be
unable to tempt a buyer into moving ahead of the market.

How does compatibility affect the willingness to pay of buyers and the seller’s market
power? Suppose the product becomes less (forward) compatible. A buyer who falls behind the
market will experience adiminishing utility level asthe market |eaves them further behind and
will thus pay a higher price to reestablish parity with the market. Thus, the cost of falling behind
islarger. The effect on a buyer who moves ahead of the market is more subtle. Initially, thereis
no effect, because the product is backward compatible. However, when the market subsequently
returns to the efficient path the prospect of not keeping up is now less attractive. Thus,
paradoxically, making the product less compatible will actually reduce the need for aslarge a
future surplus increment to justify keeping up with the market. As aresult, the seller isunableto
exploit his control of compatibility to affect an increase in willingness to pay and hence market
power.



A similar conclusion applies to the extent of network externalities and willingness to pay.
The main impact of stronger network effectsis on a buyer who falls behind the market and such
abuyer will pay a correspondingly larger amount to catch up with the market. For a buyer who
moves ahead of the market, however, there is no direct effect. Aswith compatibility, the only
effect is to reduce the amount of future surplus such abuyer will subsequently need to justify
keeping up with the market. Thus, our argument regarding willingness to pay when others are
not purchasing is robust to the extent of network effects.

Since we chose an arbitrary price when discussing a buyer's willingness to pay when
other buyers refuse to pay, any pricethat is at least the single period flow value but less than the
full PDV can be an equilibrium price. Distinguishing a buyer’s willingnessto pay relative to the
behavior of other buyersis crucia in this argument. If others are purchasing at a price p, then the
individual isaso willing to pay p in order to keep up with the market; falling behind the market,
which generates no future surplus increment, is the relevant concern when others are buying. It is
when others are expected not to purchase that the individual willingnessto pay drops to the flow
value of an upgrade. Moving ahead of the market and then confronting the subsequent decision
to go to the state of the art with the market takes over as the relevant concern when others are not
buying.

This argument has direct implications for the important question of how innovation,
measured here by the frequency of upgrade offers, affects the market power of the seller.
Clearly, without the prospect of a subsequent upgrade, a buyer’s concern about moving ahead of
the market vanishes. As aresult, the willingness to pay logic breaks down and there is no longer
acredible threat for buyers to refuse any offer that leaves them with a positive surplus, no matter
how small that surplus might be. Thus, the total absence of subsequent innovation restores full
monopoly power to the seller.” By contrast, any ongoing innovation, independent of whether it is
rapid or slow, makes the flow value of an upgrade pivotal and supports the willingness to pay
argument.

" This limiting case of an upgrade market where innovation eventually terminates corresponds
to the economic structure in a standard durable goods model, in which thereisonly asingle
good. With identical buyers, the seller faces a static horizontal demand curve and the “ speed-up”
logic of Fudenberg, Levine, and Tirole (1985) will apply. First, without the need to purchase
more than once, a buyer can always be tempted into paying a premium to purchase today: For
any expectation of purchasing at aprice p in the future, abuyer will pay slightly more than p to
acquire the good today due to the added flow value. Then, given that al buyers purchase
immediately, buyers have no credible threat for refusing an offer that leaves them any positive
surplus. As aresult, the only equilibrium has the seller charging a price equal to the full surplus
and the market priceis at the theoretical maximum. With an upgrade good, buyers know that
they will be in the market repeatedly and the option to purchase again is necessary to support a
credible threat to reject a seller's offer.



4 INTEROPERABILITY

Interoperability involves three additional elements relative to a pure compatibility setting.
First, we need to allow for a competing firm. Competitors often enter a market by offering a
substitute good to compete directly with the incumbent firm'’s product. However, in order to
focus on control of interoperability by the incumbent, it is more appropriate to consider
innovation by the competing firm. Thus, the second element is that the entrant introduces a new
product that complements the existing platform of the incumbent. For example, Adobe Acrobat
works in conjunction with documents generated by existing products to produce PDF versions.
More generally, any software application program must work in conjunction with the underlying
operating system. The third element is that the incumbent has control over interoperability.

We incorporate these three elements with a very simple modification of the monopoly
and compatibility framework. Figure 1, where | stands for incumbent and E for entrant, provides
asummary of the market timeline. Initially, the incumbent introduces and upgrades the platform.
To keep things simple, the entrant only has a single opportunity to offer the complementary
good. After this, the incumbent returns to the prior path of regular upgrade offers, but with two
additions. First, the incumbent can decide whether to offer a competing version of the entrant’s
product. Second, the incumbent decides whether to make subsequent upgrades interoperable with
the entrant’ s product. Except for C/I issues, the entrant’ s product and the incumbent’ s version are
perfect substitutes.

Past Y ears T T+1 Future Y ears
| innovates | Einnovates | | innovates, | | innovates
and upgrades | and offers | imitatesE, | and chooses
product and chooses | operability
operability

Figure 1 Innovation pattern.

Aswith compatibility, we focus on the question of market power as a necessary
consequence of control of interoperability. Thus, imagine that in the absence of control the
incumbent sells upgrades at a price p and that the entrant offers their product at some price g. For
this starting point we suppose that all products are fully interoperable. Note that the incumbent’s
imitation of the entrant’ s product commands no premium- it is bundled with the incumbent’s
current innovation in T+1 and together they sell for p. Thisis because of full interoperability. In
this scenario we further suppose that the incumbent’s price p islow, near the flow value of the
good.

Now, we confer on the incumbent full control over interoperability. Does this alow the
incumbent to charge a price above the old price of p? Suppose that after the entrant has
introduced her product (in period T), the incumbent then offers (in period T+1) his upgraded
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platform, which includes the new innovation and the imitation version, and thisis non-
interoperable with the entrant’s product. Thus, when buyers purchase the incumbent’ s upgrade in
T+1 it must be that the entrant pricesits product at flow value. Thisis because interoperability
will not persist and the product only has value for one period. The real question, however, is how
much buyers will pay for the incumbent’s upgrade in period T+1?

We argue that buyers need pay no more than p, the original price. That is, control of
interoperability simply destroys the entrant’ s ability to command a price premium without
creating a necessary ability to force buyers to pay the incumbent anymore than before. The logic
follows the same basic outline as with compatibility and the critical element is buyer
expectations. Specificaly, if theincumbent tries to charge a price above p, then al buyers
rationally refuse the offer based on the expectation that the incumbent will offer a subsequent
upgrade that does induce buyers to move to the new state of the art. At that point, the upgrade
will include two rounds of innovation, the imitation version of the entrant’s product, and will be
non-interoperable.

The position of an individual buyer who expects other buyers to refuse the incumbent’s
attempted price increase is remarkably similar to that in the compatibility scenario. By
purchasing and moving ahead of the market, the individual buyer isimmediately confronted with
adecision to keep up with the market when the incumbent subsequently moves buyersto the new
state of the art. We argue that the low price of p will induce the individual buyer to keep up with
the market. Thisis exactly the scenario that supported low prices under compatibility, but the
comparison is more involved due to the entrant’ s product and the interoperability issue.

To make the comparison, we first describe the market path following the incumbent’s
attempt to raise price from p in period T+1. At this point, buyers refuse the offer and continue to
use the incumbent’ s previous platform and the entrant’ s product. The expectation for the futureis
that, given the failed attempt to raise prices, the incumbent will make an offer next period that
does attract these buyers. As aresult, the entrant’ s product will be rendered non-interoperable
and buyers will be on the incumbent’ s platform using the incumbent’ s version of the entrant’s
product as well as the two rounds of incumbent upgrades.

Let us contrast this buyer experience with that of an individual buyer who accepts the
incumbent’ s offer with an increased pricein period T+1, even though all other buyers are
expected to refuse the offer. By accepting, thisindividual buyer acquires the incumbent’ s version
of the entrant’s product as well as the incumbent’s new T+1 upgrade. Relative to the market
path, the only difference in value for such abuyer isthe T+1 upgrade. Non-interoperability
makes the entrant’ s product worthless, and the incumbent’ s version simply replaces this|oss.
Now, consider the decision of this buyer in the following period when the incumbent makes an
offer that attracts all other buyers and returns the market to the state of the art. To be sure, this
buyer is starting from a higher base level and has less to gain from keeping up with the market
than the buyers who refused the initial price increase. On the one hand, falling behind the market
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guarantees no future surplus increments. On the other hand, the gain from keeping up with the
market includes not only the incremental surplus from current upgrades but aso that of future
upgrade offers. When the gain large, asis necessarily the case when p islow, thisis sufficient to
induce an individual buyer who is ahead of the market to purchase along with other buyers.
Thus, the only difference in value for an individual buyer who jumps ahead of the market by
accepting the incumbent’ s price increase is that they acquire the incumbent’s T+1 upgrade one
period before the other buyers. The conclusion, just as with compatibility, is that no buyer will
pay more than the flow value of the upgrade. Hence, the incumbent is unable to exploit control
of interoperability to raise prices.

Another way to see the limitations of interoperability control isto eliminate the
incumbent’ s ability to offer a version of the entrant’s product. By choosing non-interoperability
following the entrant’ s product offer, the incumbent can limit the entrant’ s price to flow value,
but, lacking a version of its own, the incumbent cannot regenerate the surplus associated with the
entrant’ s product. Thus, in this case, non-interoperability guarantees an inefficient outcome. As
before, however, limiting the profits of the entrant does not trandlate into increased profits for the
incumbent.

5 EMPIRICAL IMPLICATIONS

We now consider briefly the empirical implications of our analysis of compatibility and
interoperability (C/1). Recall that our primary contention — control of C/I isnot a necessary
source of market power for a seller —is based on two points. First, buyers do have a credible
threat (via delay) to reject a seller’ s attempt to increase the price for an upgrade and, second, C/I
control does not alter the underlying credibility of the buyer threat and, indeed, it often reinforces
that threat with respect to inducing an individual buyer to adopt the upgrade.

To assess empirical implications, it is then natural to consider not only the level of
upgrade prices but also the range of outcomes with respect to upgrade adoptions. For adoptions,
in particular, we seek episodes where the delay threat may have played out in practice. In our
analysis, the continuation play following an unsuccessful upgrade by a seller involved a
subsequent upgrade offer and buyers adopting.

With regard to prices and compatibility/interoperability, the US-Microsoft anti-trust case
of the late 1990s is a prominent example. One of the key issues of the case was whether
Microsoft had monopoly power and, if so, whether it used its monopoly power to raise the price
for the Windows operating system and increase profits. The average price for Windows based on
licenses to PC manufacturers was around 44 dollars at the time of the trial. ® As pointed out by
Fudenberg and Tirole (2000), “Both sidesin US vs. Microsoft agree that Microsoft's pricing of

® See Etro (2007, p. 216).
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Windows does not correspond to short-run profit maximization by a monopolist.” The
economists on the opposite sides of the case had different interpretations for why Microsoft did
not maximize short run profits. Richard Schmalensee, a witness for Microsoft, argued that
Microsoft's low prices were due in part to Microsoft’ s fear that if they raised their prices, then
this would provide incentives for other firms to develop competing operating systems and lower
Microsoft’s profits. Thisisasort of limit pricing argument. On the other side of the debate,
Frank Fisher and Daniel Rubinfeld, witnesses for the government, argued that while Microsoft
did not maximize short run profits, they did maximize long run profits due to the network effects
involved in consumers having the same operating systems. Other economists contended that
Microsoft priced Windows low so that consumers would buy Microsoft’ s application programs
such as MS-Office, and that it made large profits in these markets (where alternative application
suppliers were present).

Counter arguments by economists on both sides of the debate made reasonable pointsin
response to each other. First, whileit is reasonable to think that a firm with a new product for
which network economies are important would price well below the short-run maximizing price
in order to gain market share, that was not the situation that Microsoft faced. Microsoft’s
operating systems were well established products, as Windows had a market share in the PC
operating system market of around 80% in the early 1990s and over 90% from the mid 1990s
through 2000.° Furthermore, Microsoft sold its applications software such as M S-Office at the
same price whether a version ran on a Windows machine or some other operating system.

In our view, what was missing from the debate was a focus on the basic question of
upgrade pricing. The idea of short-run profit maximization corresponds to pricing with respect to
demand from buyers who make a single purchase (perhaps involving network effects) rather than
buyers who are continually in the market and make a sequence of upgrade decisions. Perhaps a
primary reason why there could be so much disagreement among economists is that there was no
model available of a durable goods monopolist who generates new upgrades over time. Our work
offers a different perspective on why Microsoft charged a seemingly low price for Windows.
Consumers could always refuse to upgrade their operating system, or delay purchasing a new
computer, if Microsoft raised its price on Windows. The credibility of this threat, as we have
argued, is not undermined by Microsoft control of the compatibility or operability of Windows.

Pushing thislast point, the credibility of the threat, another way to view the ideathat a
firm like Microsoft may have limited market power isto consider that major upgrade attempts
may be unsuccessful, even if thereislittle or no competition. Consider the operating system
market. Microsoft introduced Windows ME in 2000 with much fanfare that this would be the
operating system for the “new millennium.” This prediction turned out not to be the case. While
sales grew from early 2000 up to early 2001, they then began to decline and by the end of 2001
no computers were shipped with Windows ME (International Data Corporation 2004).

° See Etro (2007, p. 216).
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Recognizing that Windows ME was being rejected by consumers, Microsoft quickly introduced
Windows XP Pro and Windows XP Home, and these have been their main PC operating systems
since 2001.

More recently, it now appears that Windows Vistawill have the same fate as Windows
ME. Soon after Vista s introduction, Microsoft announced that they would speed up the
introduction of Windows 7. The advance reception to Windows 7 has been much more favorable
and the full release took place 22 October, 2009. As early as May 2009, Microsoft’ s President
Steve Ballmer acknowledged the delay incentives: "If people want to wait [for Windows 7], they
certainly can." *° For both of these episodes, our analysis emphasizes the credibility of the buyer
threat to refuse an upgrade in anticipation of a more favorable upgrade offering in the future.

With regard to interoperability, we argued that if a competitor developed an application
that could be incorporated by the owner of the platform, then the price for the application would
be limited not only for the innovator but also for the platform operator. Furthermore, the sales for
the innovator may vanish once the platform adopts the innovation. These predictions are
consistent with several aspects of the market for PC-based word processors. In the mid and late
1980s, WordPerfect was the industry leader in this market. Drawing directly on the account in
Liebowitz and Margolis (2001), we note that the price for WordPerfect rose from about $200 in
1986 to $350 in 1990.™ In 1989, Microsoft introduced M S-Word at a price of $250. At first,
WordPerfect was seen as a superior product by users, but over time MS-Word incorporated most
of the features of WordPerfect and, from the users' point of view, they became closer and closer
substitutes. Starting around 1991, the prices of both products fell precipitously. For example, the
price of WordPerfect was around $60 by mid 1992 and the price for Word was about $100. By
1996, WordPerfect was essentially free while the price of MS-Word was around $50.* Thus,
Microsoft was able to displace the leading word processing application with their own product,
but the profit reward that accrued to Microsoft did not involve a significant price premium either
in relative or historical terms.

' Asreported in PCWorld by Gregg Keizer, May 15, 2009; the story goes on to report that Bill
Veghte, Microsoft's senior vice president for Windows business said "If you're just starting your
testing of Vista, with the [Windows 7] Release Candidate and the quality of that offering, |
would switch over and do your testing on the [Windows 7] Release Candidate, and use that
going forward."

' See Liebowitz and Margolis (2001, p. 190). They provide an excellent discussion and
anaysis of eventsin software markets, including operating systems, spreadsheets and word
processors.

2 One should note that while the price for electronic hardware has been falling over time due to
process innovation, there is no comparable reason why the price of software should fall.
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Interoperability was an issue with these products. Many observers complained that the
operating performance of WordPerfect deteriorated over this period as new Windows operating
systems were introduced, while these problems did not arise with Word. This complaint speaks
to control of interoperability. Taking this as agiven, the pricing pattern reveals no clear ability to
trandate this control into a price premium over the competing product. Thisis a point we
emphasized above in our discussion of interoperability.

6 CONCLUSIONS

A common concern in upgrade markets is that incumbent control of compatibility and
interoperability leads to high prices and market power for the seller. In this paper, we have
examined the added value of such control in terms of the ability of an incumbent firm to raise
prices relative to their levels when such control is lacking. We argued that market power, as
measured by the ability to raise prices, is not linked to control. Buyers do have a credible threat
to reject high prices when innovation is an ongoing process and this threat is robust both to alack
of compatibility across versions of an incumbent’s product and to alack of interoperability with
respect to competitor’s product.
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