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INTRODUCTION
In many high-technology markets, including the computer and communications

industries, (a) anumber of strongly complementary components are used together in a
system to provide consumer benefits, and (b) some or all components are subject to
significant technological progress as the result of suppliers’ investmentsin R&D. Inthis
paper, we examine how integration across components affects competition, with
particular emphasison R&D competition

We study this problem in the following setting. Components Aand B are valuable
only when used together. Thereisasingle producer of Alabeled firm M, which may or
may not also produce B. Thereisalso at least one independent supplier of component B,
whichwelabel firm N.

A familiar intuition asserts that when M and N are the only producers of their
respective components, integration through a merger of M and N would efficiently

increase the incentives for each firm to innovate by internalizing what are otherwise
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positive external effects on one another.> We show by example, however, that there are
casesin which thisintuition fails; integration can inefficiently reduce the incentivesto
innovate. Our example depends on the innovation’s being valued differently by different
consumers.

More importantly, the intuition does not carry over to market structuresin which
there are multiple suppliers of component B so that, if M enters the B market, it would be
competing with independent B firms. Consideration of such marketsis an important
extension because there are many markets exhibiting this structure. For example,
Microsoft supplies operating systems, and Microsoft and independent software vendors
supply applications software that works with Microsoft’s OS. Similarly, Intel supplies
microprocessors, and Intel and other firms make motherboards designed around these
microprocessors. Lastly, SBC supplies “access’ that |ets telephone subscribers make
long-distance calls, and the non-access portions of those calls are supplied by avariety of
long-distance phone companies, which in the future may include SBC.?

In these examples and many more, concern has been expressed about firm M’s

being a supplier of component B. * Independent suppliers note that firm M may be able to

We ignore the difficult question of why a merger would affect internalization.

In this example, M’ s supply of A and itsintegration or non-integration into B are
largely controlled by regulation, so that some i mportant issues are rather different
from those explored below; the analysis of the unregulated case isimportant for
fully understanding regulated markets, however.

While we assume that M is a monopolist, our analysis applies more broadly. For
example, retailers (dealers) may have to make specific investmentsin selling
certain brands of cars. Independent service organizations may have to make
specific investmentsin parts, in customer lists, and in learning how to repair
certain brands of hardware. This can be true even if firm M faces competition in
the overall systems market.



control the ability of independently supplied variants of component B to work with
component A°> Independent suppliers fear that this power to exclude might be abused,
especidly if firm M isintegrated into the supply of component B and attempts to limit the
competition it faces as a supplier of that component. On the other side, many economists
note that M may internalize through its sales of component A at least some of the gains
from innovation in B that might otherwise be dissipated in double marginalization or
escape to consumers. These commentators argue that firmM will therefore have
particularly efficient incentives to innovate in B and to encourage others to do so in order
to enhance the demand for component A

In this paper, we formally examinefirm M’s ex ante (i.e., prior to innovation) and
ex post (i.e., after innovation has taken place) incentives to treat independent suppliers of
component B. In particular, we explore how those incentives change if firmM entersthe
market for B. It is correct that an integrated firmM often has incentives to welcome and
even encourage the competitive efforts of independent suppliers of component B because
these efforts enhance the demand for firm M’s component A; and in our model those
incentives dominate. However, firm M also has an ex post incentive, and in some cases
even an ex ante incentive, to force the supplier of a superior B component to price lower
than it would otherwise choose. Integration into development and production of B can

strengthen firm M’ s ability to engage in such a“squeeze.”®

This may be particularly likely in high-technology contexts, where the interface
that joins components A and B may be subject to intellectual property protection,
or may be changed frequently, or both.

We use the term “ squeeze” without suggesting that the behavior is predatory or
exclusionary. In our model, firm M does not at all wish to drive a superior B
producer from the market, but only to expropriate some of its ex post rents.
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Several strategies may enable M to force an independent producer of component
B to charge alower price than it otherwise might. In aprice squeeze, an integrated firm
M pricesits variant of B lower than would a stand-alone supplier of component B, not in
order to take sales from rivals but to push their priceslower. Inaninvestment squeeze, an
integrated firm M investsin improving its variant of component B, not with the goal of
becoming the best or of making sales, but with the goal of driving the winning
independent supplier of B to priceits (still better) product lower than it otherwise would.
Lastly, in an exclusionary squeeze, firm M demands alow price for an independently
supplied component B as a quid pro quo for granting access.

In none of these potentially tempting strategies does firm M excluderivalsin
order to earn greater profits from the sale of its ownvariant of B. (For instance, under an
exclusionary squeeze in our model, firm M would rather not actually carry out the threat.)
Although exclusion of rivals could indeed increase the profits of M’s operationsin the B
market, any such profits come (in our simple model) at the expense of profitsin the A
market.” In this sense, our model incorporates the “one monopoly rent theorem.”

Despite this, we find that integration by M can create efficiency problems.

We show that, while often efficiency-enhancing ex post, squeezes can also
inefficiently reduce independent firms' incentivesto invest in improving component B.
Moreover, firm M may undertake activities in support of a squeeze that themselves are
socially wasteful, such as excessive R&D. We show that integration can make these
problems worse. We aso argue that, even if the overall ex ante effects of a squeeze are

negative for firm M, it may be difficult for firm M to commit not to engage in one ex



post, and that difficulty is plausibly greater if firm M isintegrated into the supply of
component B.

The paper is organized as follows. In the next section we lay out a simple model.
In Section |11, we examine the effects of integration when thereis just one provider of
component B, either an independent firm or firmM itself. In Sections|V and V, we
address our coretopic: innovation in marketsin which there are multiple suppliers of
component B. Section IV analyzes squeezing through product-market and investment
strategies. Section V then examines threats of exclusion as a means of squeezing
independent suppliers. We aso examine how firm M might use its power to exclude to
implement certain private intellectual property policies. The paper closes with afew

observations on the implications for competition and business policy.

. THE MODEL
We analyze the following three-stage game.

Entry Stage: In the first stage, firmM and independent suppliers decide whether
to enter the market for component B. We discuss alternative orders of decision making
by firm M and the independent suppliers below.

R&D Stage: After the entry stage has been completed, and the firms™ entry
decisions are common knowledge, firms that are active in the market for B
simultaneoudly invest in improving their quality levels (or lowering their costs). Let I

denote firm i’ sinvestment level, measured in dollars. Thisinvestment givesriseto a

! Indeed, in our model firm M chooses never to take any profitsin the B market.
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distribution function for firm i’s product quality, g;.2 We assume the quality
improvement enjoyed by one firm is independent of the R& D investments of other firms.
Hence, we are ruling out both patent races and the possibility of spillovers across R&D
programs while they are under way. Below, we consider the possibilities of licensing and
ex post imitation.

At times, the analysisis simplified by assuming that there are only two possible
outcomes of an R& D project, success and failure, and that all firms have the same R&D
production function. We normalize failure as a quality of 0 and label success qo. Inthis
case, the distribution function takes the following form:

1-r(l) fordl 0Eq <q
prob (g£q) = {
1foral g 3 qo,
where the probability that firm i succeeds, r (I;), is assumed to be an increasing function
of itsinvestment.

Pricing Stage: At the start of thisfinal stage, the R& D outcomes g; may or may
not be common knowledge; we consider both cases. We assume R&D investment levels
remain private information. Given the information structure, suppliers of B
simultaneously and non-cooperatively set prices for their components. Let p; denote the
price chosen by firm i. These prices—and the quality levelsif not previously observed—
are then commonly observed and firm M sets the price of component A We assume for

simplicity that the marginal costs of production are zero for component Aand c for all

Aswe discuss below, the model can also be interpreted as one of process, or cost-
reducing, innovation.



variantsof B. Throughout most of the exposition, we will subsume c in the demand
curve and take ¢ = 0 asanormalization.

Once all prices have been set, consumers decide whether to buy a system and, if
there are multiple suppliers of component B, which one to patronize. We assume that
components A and B must be used in fixed proportions (normalized as 1-to-1) to generate
benefits. We also assume there is a unit mass of consumers, each of whom buys either 0
or 1 system. A type-g consumer has areservation price of g+ g for a system that
combines one unit of Awith one unit of good B having quality g.° Let D(p) denote the
number of consumersfor whom g2 p. We assume there exits afinite price, p;, such that

D(p) = Oforall p3 p.’° Attimes, we restrict attention to the case of inelastic demand:

Oif p>po
D(p) = {
Lif pE po

Before analyzing this model, we note afew limitations. First, this baseline model
assumes away two mechanisms through which firm M might engage in a price squeeze:
we do not allow M to act as a price leader by setting either the price of component A or
the price of its component B before the independent firms set their prices. Wereturn to

thisissue in subsection 1V.C below.

Given the assumption that all consumers value quality equally, an increasein
quality isequivalent to adecrease in cost. In Section |11, we briefly relax the
assumption that all consumers value quality equally.

10 In addition to being redlistic, the assumption of afinite choke price rules out

certain mixed strategy equilibria that might otherwise exist in which a firm that
has the lowest quality (or highest cost) makes equilibrium sales at a price strictly
above cost.



Second, we assume away two reasons why firmM might wish to exclude an
independently devel oped component B. When components Aand B can be used in
variable proportions to generate consumer benefits, firmM might be able to extract more
surplus from buyers by excluding other component suppliersin order to create greater
flexibility in its relative pricing of components Aand B."* Clearly, this motive does not
apply when goods A and B are used in fixed proportions, asin our model. We also
assume that additional entry into the production of component Aisimpossible. If such
entry were possible, firmM might wish to exclude based on fears that independent
production of B could serve as a stepping stone into the A-market—so-called two-stage
entry.

1. THE EFFECTSOF INTEGRATION WHEN THERE ISA SINGLE
SUPPLIER OF EACH COMPONENT

As a benchmark, we first assume there is room for only one component B supplier
inthe entry stage. Either firm M (if it integrates) or firm N (otherwise) supplies
component B. We examine the hypothesis that innovation incentives, like pricing
incentives, are better when the control of strict complementsisin asingle hand.

First, suppose there is no integration. Suppose that, as result of itsinvestmentsin
the R& D stage, firm N has innovated and raised its product quality by Dg. By the
following standard argument, theincreasein g is equivalent to a cost reduction that

increases the profits of both suppliers and raises consumer surplus.”? Given our

n Thisissueisaddressed in Katz (1989). If consumers have imperfect foresight
about service or spare parts pricing, this can aso potentially create a motive to
exclude suppliers of those complements.

12

A similar logic appliesif firm M sets the price of A first.
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assumption that consumers value quality changes uniformly, the market demand for

systems can be expressed as D(h), where h is the hedonic price of systems and is equal to
the sum of the two component prices minus . Suppose firm N has set the price of B at p.
Firm M can be thought of as choosing h to max {h — (p—q) } D(h). The resulting quantity

isx*(p—q), where x*(w) is the quantity that would be set by a monopolist with marginal

cost w facing demand curve D. Thisin turn defines a“derived” demand curve for firm
N's pricing decision. Defining n=p—q, firm N chooses n to maximize {n + g} x*(n). Its
choice of nisthus the profit-maximizing price for a monopolist with marginal cost —q
facing the demand curve x* (3.

By the standard comparative statics of monopoly pricing, the -Dq fall in —g both
makes firm N better off and also leadsto afal in n. Thefal in ndecreasesfirm M’s
effective marginal costsin its pricing problem. Hence, by the same comparative statics
result, firm M’s profitsrise and its choice of h falls. Thefal in h makes consumers better
off. Thus, when firm N innovates, both firm M and consumers are made better off.

If the firms integrate, the incentive to make such an innovation is greater, because
the previously external positive effect on M’s profitsis now internalized.”* Moreover, the
remaining externality from innovation—the external effect on consumers—is also
positive. Hence, when innovation resultsin a uniform increase in systems reservation
prices, the effects of a merger of firms M and N are as follows: (@) the private incentives

for innovation increase; and (b) the increased innovation that resultsis socially desirable.

Formally, it is straightforward to establish that the equilibrium quantity for any
given g is lower when the firms are not integrated due to double marginalization.
Therefore, the value of a cost reduction (equivalently, auniform increasein
quality) is greater when the firms have merged.
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These results are of course well known (at least informally) and at least in spirit very old
(usually attributed to Cournot).

Perhaps surprisingly, integration need not increase the incentives to invest in
socially valuable R&D for general patterns of quality improvements. Consider the
following example in which we relax the assumption that all consumers equally value
increased quality. One third of the consumers have a reservation price equal to 2, while
two thirds have areservation price of 1. If firmN innovates, the reservation price of the
consumers with relatively high absolute willingnessto pay risesto 2+Dg, where 0 < Dg <
1. Thedemandsof consumerswith lower willingnessto pay are not affected by the
innovation. The cost of innovation is |, where 0 < Iy < (2/3)Dq, and there are no
production costs.

It is straightforward to show that, absent integration (and absent any other similar
form of cooperation between the two suppliers), sequential double marginalization leads
to an equilibrium price at which only the high-value consumers buy. In thiscase, itis
profitable for firm N to innovate, because 1, < (2/3)Dg. With integration, the equilibrium
systems priceis 1, with or without the innovation. Hence, the marginal consumer does
not value increased quality, and there is no incentive to innovate. This outcomeis
inefficient since the gross consumption benefits would rise by more than the cost of the
innovation: the inframarginal consumers are still buying and they value the increased
quality. A feature of this exampleis of course that inframarginal customers value quality
differently from marginal customers, as discussed by Spence (1975). Our argument
above (and probably previous work by others) shows that absent this feature, the standard

belief that integration improves integration incentives must hold.
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Although this example qualifies one' s confidence in the standard belief for
general patterns of quality valuation, nevertheless we do not mean to take very vigorous
issue here with the standard presumption that integration between asingle A-firm and a
single B-firm “normally” will improve incentives for innovation in each component.
Rather, in the remainder of our paper, we explore how things may be very different when
there are multiple B-firms, so that even this qualified intuition may be quite misleading.
In order to isolate the effects of having multiple suppliers of B, we maintain our initial

assumption that all consumers equally value quality improvements.

IV. INVESTMENT SQUEEZES AND PRICE SQUEEZES
We now turn to settings in which multiple firms are active in the B market, at

least at the innovation stage. To find subgame-perfect (or perfect Bayesian) equilibrium,

we solve the game by working backwards in time.

A. Analysis of the Pricing Stage
Our analysis of the pricing stage appliesto both: (a) complete-information

situations, in which the R& D outcomes, ¢;, become common knowledge before any
prices are set, and (b) incomplete-information situations, in which R&D outcomes
become common knowledge after the prices of component B are set, but before the price
of component Aisset. Recall that R& D expenditures remain private information.

In order to determine their pricing strategies, suppliers of component B must form
beliefs about how firm M will price component A Working backwards, suppose B-firmii
has quality g; and sets price p;. Definei’squasi-surplusass =g —p;. The demand for A

depends only on its price and on the maximum of the quasi-surpluses; as in the previous
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section, the system surplus offered to a given consumer, and firm M’ s profitsin A, are
both increasing functions of that maximum quasi-surplus.

Now consider equilibrium pricing strategies for the B-firms given their qualities
and their predictions of how component Awill be priced. Our interest isin how the
prices of the B components are affected by firm M’sintegration. Suppose that firm M is
integrated into B.

Lemma 1. Itisaweakly dominant strategy for an integrated firm M to priceits
variant of B at cost.

Proof: Let Q(® denote the cumulative distribution function, as perceived by M in
equilibrium, for the highest quasi-surplus offered by independent suppliers of B. (Of
course, in the complete-information case Q(.) isdegenerate.) Thus, if firm M offers
price p and quality g, its probability of making B salesis Q(q- p).”® Let R*(s) denote the
maximal profits that can be earned from the sale of A given that consumers purchase
unitsof B yielding quasi-surplus s. Note that R* isanincreasing function. Firm M’s
expected profits from components A and B together are

P(p.a) = QAarp) {R*(a-p) + x*(a-p)[p-cl} + @, R*(s) dQ(s) -
If it sells both components (i.e., if it sellsB), firm M will earn total profits R*(g-c) for any
p less than or equal to the systems price associated with R*(g-c) when it has quality g and
unit cost c. Thisisimmediateif M pricesits B component at ¢, and follows for other

prices because M will adjust the price of component A pari passu to offset any changein

1 Of coursg, it follows immediately that firm M has no incentive to hinder or

exclude when it is not integrated.

B This assumes the tie-breaking rule that M wins salesif it offers the same surplus

as an independent.
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its price of component B. Hence, firm M’s expected profits from components Aand B, if
it charges such a price, can be expressed as:
P(PA) = Q@p) R(ac) + Qp RS dQS) -
It follows that
p(p.a) - p(c.,q) ={Q(a-p) - Q(a-0)} R*(g-¢) + @, R*(s) dQ(9)
= Qp { R*(s) - R*(g-c) }dQ(s) .
Hence, sigr{ p(p,q) - p(c,q) } = - sign (p-¢). Therefore, firm M’ s expected profits are
maximized by setting p=c. QED

Now, consider the independent suppliers of B. We say that firmi hopes to be best
at quality q if, according to its subjective beliefs about others quality levels, thereis
strictly positive probability that g; < g for all j * i.1° Of course, in the complete-
information case, firm i hopesto be best if and only if it actually has strictly the highest
quality level.

Lemma 2. Anindependent supplier of component B: (i) never makes equilibrium
salesat a pricelessthan cost, and (ii) sets price strictly above cost for all quality
realizations at which it hopesto be best.

Proof: The first claim holds because making no sales dominates making sales
below cost. To see why the second claim holds, it is useful to introduce additional
notation. Let F; (3 denote firm i’s subjective distribution function for max. ; g;.
Independent firm i hopes to be best at quality o° if and only if there exists of < o such

that F,(qa) >0.

1 These beliefs are derived from the R& D production functions of the rival

suppliersaswell asfirm i’ s beliefs about itsrivals' investment levels.
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Let s*(q) denote the equilibrium quasi-surplus offered by firm k when it has
quality g. Firm rationality impliesthat s*(q) £ q—cfor al kand g.*" Hence, for e=¢"
— P, setting s*(q°) = o°- ¢ - eyields expected profits of eFi(g°) > 0. Of course, if firm i
prices at cost when g = o , it makes zero expected profits. Therefore, s*(q) < ¢° —c.
QED

Intuitively, each independent prices strictly above cost so as to make profits
should it be lucky enough to have the highest quality. It trades off this desire against the
fact that it sacrifices profitsif it misses selling because of its markup. M suffers no such
tradeoff: it can lower its price and makes up its sacrificed B-profits one-for-onein A

Now consider the effects of firm M’ sintegrating on ex post efficiency (that is,
taking the set of achieved quality levels as given). With complete information, the best
quality wins (integration or not), and with the added assumption of inelastic demand this
isthe only ex post efficiency concern. Departing from that simplest model, integration
may have two kinds of ex post efficiency effects: it may affect whether the best quality
wins, and it may affect prices.

First, consider the possibility that the best quality fails to win under incomplete
information. Suppose that firm M does not integrate. In the symmetric Bayesian
equilibrium among the independent firms, the highest-quality firm makes all the sales.
Now, suppose that M integrates. Because it prices at cost whileitsrivals (still) price
above cost, M always sells B when it is efficient for it to do so, and sometimeswheniit is

inefficient. This effect of integration lowers efficiency (conditional on the set of realized

o There exist Nash equilibriain which firms that do not make sales set prices below

cost. Werule these out as unreasonable. They would not, for example, survive
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quality levels). Aswe noted, thereis no ex post efficiency effect under complete
information with inelastic demand; thus, integration weakly lowers ex post efficiency
with inelastic demand.

Second, consider the efficiency effects of the changed pricing (holding the
winning quality fixed). The change in pricing generates efficiency effects only with
elastic demand. Thereisadirect effect because firm M pricesits B variant at cost: if
consumers buy that variant, efficiency is greater than if it were priced higher (asit
typically would be if offered by an independent).’® There may aso be an indirect pricing
effect of integration, mediated through the change in the independents’ pricing strategies,
and we discuss that next.

In this game, an independent firm cannot literally respond to the price of
component B set by an integrated firm M: they are simultaneous choices. Itisalso simple
to see that each independent’ s pricing strategy under complete information is unaffected
by whether or not one of itsrivalsisM: the independent prices at cost unlessit has the
uniquely best quality, in which case all itsrivalswill price at cost whoever they are. But,
under incomplete information, the independent firms' Bayesian pricing strategies may
well respond to the knowledge that firm M’s strategy isto price at cost. That is, each
independent makes its price a different function of its quality if it knows that one of its

rivalsis pricing at cost than it would in a symmetric Bayesian equilibrium.

the introduction of trembles.

18 Although there remains a monopoly stage in which firm M setsthe price of A,

with elastic demand consumers still will be better off if the quasi-surplus offered
in good Bis higher.
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It would seem natural for this response to take the form of lower prices (holding
quality fixed). In thiscase, thereisan improvement in efficiency due to integration when
demand is not perfectly inelastic. Note that this effect aso givesfirm M aprivate
incentive to integrate, which might be seen as an indirect price squeeze.

Interestingly, in some cases independent supplierswill respond to firm M’s
pricing at cost by charging higher prices than they would do if competing against another
independent firm rather than an integrated supplier.”® In these situations, the indirect
pricing effects are negative for both welfare and firm M’ s profits.

The following proposition summarizes our analysis of ex post efficiency effects
of integration:

Proposition 1. Under complete information or a symmetric Bayesian equilibrium,

the highest quality among B-suppliers efficiently makes all of the sales when M does not

9 To see why, consider the following example of a success-failure model in which

there are two suppliers of B and demand isinelastic. Recall that afirm’'s R&D
succeeds with probability r and yields quality qo for its component B. With
probability 1-r the R&D failsand yields a quality of 0. For ssimplicity, let c = 0.

If the two firms active in the market for B both are independents, each setsits
price equal to O (cost) if its R& D fails and mixes over the interval ((1-r)qo, Qo) if
its project succeeds. Letting G(¥ denote the distribution function for this mixed
strategy, straightforward calculation shows that on this interval

G(p)=1- (I)(aep)/(rp).

Now suppose instead that firm M is one of the suppliers of component B. Firm M
setsits price equal to zero no matter what the outcome of its R&D. Taking this
fact into account, the independent firm competing against M setsp = 0 if its
project faillsand p = q if it succeeds. Thus, an independent firm'’s response to
firm M’ s pricing strategy is to shift its pricing strategy upward.

Of course, one can understand this in terms of elasticity of the expected firm-
specific demand curve. Firm M’s more aggressive pricing lowers that demand
curve facing each independent, but (as we see here) need not make it more elastic.

16



integrate.® When it integrates, firm M always makes equilibrium sales of component B
if it has the highest quality and—under incomplete infor mation—may make equilibrium
sales of B when it is not the highest quality variant. With inelastic demand, ex post
efficiency (i.e., conditional on R& D outcomes) islowered by integration. With elastic

demand, the ex post efficiency effects of integration are ambiguous.

B. Analysis of the R& D Stage
Now, consider the incentives to conduct R&D. Begin by assuming that demand is

inelastic and firms have complete information about product quality in the pricing stage.
In this ssimplest form of our model, the supplier with the highest-quality B earns a per-unit
margin equal to the difference between its quality and the second-highest quality.* This
margin is aso the social contribution of that highest-quality B-firm. Similarly, other B-
firms earn no revenues, and their ex post social contributions are zero. For each
independent B-firm, therefore, the incentive to improve its variant of Bisefficient. This
is of course afamiliar result in the context of an isolated market.

If M isintegrated into B, itstotal profits from the sale of Aand B are equal to the
maximum of its own quality and the second-highest quality level among the
independents. Asaresult, M’s profitsincreaseif it improves its B-product to alevel
between the two highest levels of the independent suppliers’ variants of B. Firm M

benefits even though there is no increase in total surplus. Consequently, an integrated

Although we have discussed its properties conditional on existing, we have not
proved that Bayesian equilibrium of this game exists. Rather generally, it does
(see[We are still looking for an existence proof]). Note that when F; (3 contains
atoms, the only pricing equilibriamay entail mixing.

2l Thisisthe standard Bertrand outcome.
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firmM has strictly excessive incentivesto improve its B product as long as thereis
positive probability that it will end up aone in second place overall. Thereason isthat an
improvement in the second-best B causes the best B to price lower, thus transferring rents
from the best B to firm M’soperationsin A. Thus, by investing in R&D, firm M can
sgueeze ex post quasi-rents from the B-winner. Firm M does this by improving its variant
of component B even if that improvement has no efficiency benefits.

Summarizing this discussion,

Proposition 2. With complete information and inelastic demand: (i) conditional
on the R&D level of firm M and the number of independent suppliers, an independent
supplier undertakes the socially efficient amount of R& D whether or not M has
integrated; and (ii) if M integrates into B, it has excessive incentives to innovate
(conditional on the R& D levels of the independent firms).

Now return to our more general model of demand. The welfare economics turn
out to be very complex in general, but we can say something for the success-failure
model. We say that afirm “isfirst” if it has the only successful R& D project, and that it
“issecond” if it and precisely one other firm succeed in their projects.

Proposition 3. Suppose the conditions of the success-failure model hold. Then,
conditional on the R&D levels of other suppliers, an independent supplier’slevel of R&D
investment: (i) islessthan is socially optimal when information is complete and demand
iselastic, and (ii) is socially optimal when demand isinelastic. If it integrates, firm M:
(iii) invests more in R& D than do its independent rivals, and (iv) may have socially
insufficient or excessive incentives to innovate conditional on the R& D levels of other

suppliers.
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Proof:

(i) Anindependent supplier investstoo little in R& D because it ignores the social
value of being second (second place profits are zero, but thereisasocia benefit from the
reduction in the winner’s markup), and it earns no more than the social value when it is
first.

(i) Theresult isfamiliar for the case of complete information. Under incomplete
information, consider the following strategy Sfor afirm: Price at cost if R&D is
unsuccessful, and at g + ¢ if R&D issuccessful. Itisnot an equilibrium for al firmsto
adopt strategy S, because any one could profitably deviate by charging dlightly lessif
successful (thisincreases expected profits when more than one firm is successful). It
turns out that equilibrium instead involves successful firms mixing over prices up to gg +
c, with no atom at that point. Because that price isin the closure of the support of the
equilibrium pricing strategy for successful firms, any given firm could get its equilibrium
payoff by playing strategy S. Because thereis no atom at go + ¢ and the equilibrium
mixing involves prices no greater than that, a firm with successful R&D that played S
would make sales with probability zero if in fact another firm had succeeded. It follows
that a successful firm’s expected payoff is equal to qo times the probability that no other
firm also succeeded. Thisisthe same expected payoff to success as under complete
information, and coincides with the firm’s socia contribution. Of course, payoff to
faillureis zero. The result follows.

(iif) Firm M invests more because it internalizes benefits from being first or

second, whereas independents internalize only (fewer of the) benefits from being first.
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(iv) Aswe saw above, the case of inelastic demand shows strictly excessive
incentives. The following is an example (recalling section I11) in which firm M’s
incentives are too low. There isroom only for one B firm: under integration, it is M.
Demand is elastic, so there is a positive externality on consumers from successful

innovation: thus the integrated M has insufficient incentives to innovate. QED

C. Analysis of the Entry Stage
We now consider the entry stage, again for the case of complete information and

inelastic demand. First, firm M has weakly excessive incentives to integrate when the
total number of B suppliersis unaffected by M’ sintegration decision.?? Thisfollows
from the fact that the equilibrium in the absence of integration maximizes expected total
surplus conditional on the number of firms—thus integration never can lead to a welfare
improvement and (ignoring technical efficiencies of integration) can only make things
worse. We show by example below that profitable integration can in fact lead to a strict
fall in total surplus, so that firm M’sintegration incentives are strictly excessive.
Complicating the picture, we note that independent suppliers also have excessive
incentives to enter the market for component B (taking as given others’ entry choices).?
The argument isasfollows. Let W14, I, ..., I,+1) denote the resulting level of expected
total surplus when firm 1 through n+1 undertake R&D investments (14, I, ..., In+1). Lét

(1%, 1,*,..., 1,*, 0) denote the vector of R&D levels that maximizes welfare subject to the

Inthis case, firm M’ s decision to integrate into B could be thought of asan
acquisition of one of the fixed set of B suppliers.

= This may seem confusing because of the result that each firm captures its social

contribution in equilibrium. But that result takes all other firms' R&D efforts (or
outcomes) as given, whereas our assumption here is that others' R&D choices
respond to incremental entry by others.
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constraint that I+, = 0. Asnoted above, (I1*, I,*,..., I,*, 0) can be supported as a Nash
equilibrium in the R& D stage given Bertrand product-market competition and inelastic
demand, and given that firm n+1is“out.” Now, suppose that firm n+1—an independent
supplier—chooses to enter the market for B in the entry stage. Let (1:**, 1,**,..., Ih**)
denote the equilibrium R&D levels: note that other firms react to the new entry. Firm
n+1’'s expected profitsare W(I **, 1,¥* ..., Tner**) =W **, 1,¥* .. 1% %, 0), its social
contribution taking as given all others’ actions. But the true social contribution of its
entry (taking account of others' reactionsto that entry) isW(I**, 1,** ..., [1**) —
W(I.*, 1., 1%, 0). By definition, W(I**, 1,**,..., 1%, 0) £ W(I1*, 1,%,..., 1%, 0).
Therefore, firm n+1 has weakly excessive incentives to enter. These incentives will
(generically) be strictly excessive when entry induces rival suppliers to change their
equilibrium R&D levels.

Proposition 4. With complete information and inelastic demand: (i) M has
weakly excessive incentives to integrate when the total number of B suppliersis
unaffected by M’ s integration decision; (ii) moreover, profitable integration can strictly
reducetotal surplus; and (iii) independent suppliers have excessive incentives to enter
the market for component B.

To illustrate our argument above, consider the following example of a success-
failure model. With or without integration, there are two producers of B—that is, either
there are two independents or there is M plus one independent. The R&D cost function is
I(r) =r?(2k), where0< k<1, and o = 1.

If both suppliers of B are independent, each will choose to invest r = k/(1+k) and

earn expected profit (net of R& D costs) of k/[2(1+k)7. If unintegrated, M earns expected
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profit of r 2= [k/(1+k)]% Expected welfareisequal to k/(1 + K), which is the maximum
possible given the technology and the number of innovators.

If M integrates with (or replaces) one of the B-firms, the integrated firm will set r
= k (higher than each B-firm chooses absent integration, because of the quality squeeze)
and will earn expected (integrated) profit of k/2. The remaining independent B-firm will
setr = k(1-k), which islower than absent integration (because the integrated firm sets a
higher r). Expected welfareis k(1 —K)? + k2.

It follows (from these and simple further calculations) that integration is privately
profitable, even if M has to pay full price for its partner (as opposed to threatening to cut
it off, or merely to integrate with the other B-firm instead), and yet inefficient.
Integration leads the integrated firm to do inefficiently more R&D (higher r), and this
causes awelfare loss and atransfer of profit (on average) from a successful independent
firm to the integrated firm, despite the (socially efficient) downward adjustment of the
independent’ s R& D spending in response.

More generally, it isnot clear in what circumstances firm M has excessive
integration incentives when independents entry decisions and R&D efforts (which M
broadly values) are affected by M’ sintegration decision. Thereis, however, one casein
which M fully internalizes the effects of its integration decision. Suppose demand is
inelastic and thereis free entry into B after M has committed either to integration or non-
integration. Assuming away integer problems, the independent suppliers of B make zero
expected profits given M’ s integration decision. Given that consumers earn zero surplus
inequilibrium, firm M internalizes all efficiency effects of itsintegration decision and

thus has efficient incentives to integrate.
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Proposition 5. Suppose demand isinelastic and there isfree entry into B after M
has committed to integrating or not. Assuming away integer problems, firmM has
efficient incentives to integrate under complete or incomplete information.

Thisisastrong form of the internalization claim. It isimportant to note that even
in this special case the logic does not carry over to decisions, such asthe level of R&D

investment, made by firm M after independent suppliers have made their entry decisions.

D. Analysisof Alternative Pricing Subgames
In this part, we briefly examine what would happen under some alternative simple

pricing subgames (structures of the product-market stage). In particular, we examine the
outcomes when: (1) firm M setsthe price of component A before the independent firms
set their prices; and (2) the independent firms set their prices after firm M has set the
price of its component B but before it sets the price of component A The goal is not to
proliferate cases but to illuminate some arguably robust effects that are missing from our
main model. To keep theillustrations relatively simple, we examine them in the simple
case of complete information and inelastic demand.

Firm M setsthepriceof A first. In this case, M setsthe price of A to be equa to
(just below) the highest of the B-qualities. The highest-quality B then makes all the sales
of B and makes infinitesimal quasi-profits: M has extracted all the quasi-profits through
pricing A so high ex post. Naturally, the prospect of this destroys independent innovation
inB. Inasense, M is behaving like a short-sighted regulator.

Firm M’s integrating may then be the only way to have innovation. If demand is
inelastic, firm M has efficient incentives to innovate given that it is the sole innovator.

However, it could nevertheless be socially and privately optimal to have multiple
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innovators. Firm M itself might want to combine the advantages of integration with the
advantages of excellence through diversity, by keeping the independents flourishing
while it enters. Under this ex post pricing game, it cannot do so. Firm M would like to
commit to a better policy, but it is not so clear how to commit to ignoring good news
about the supply of complement B in pricing component A

Firm M pricesits component B first. Firm M will in due course price A a the
highest offered quasi-surplus, as in our main pricing game. But now thereisfirst aprice
sgueeze through the pricing of B. Suppose that M’ s B-affiliate does not create the
highest-quality B. Now, because the pricing of others' B products can react to the pricing
of M’s, M has an incentive to priceitsinferior product below cost so as to affect the
pricing of the superior product. Specifically, suppose that the highest-quality B is of
quality g, and M’sisof quality qu <g. Thenif M sets the price of its B at infinitesimally
above cost minus (g — qu), the highest-quality B will have to respond by pricing its
product just above cost. M’sinferior B-affiliate makes no salesin this price squeeze, but
transfers al of the superior B-firm’s quasi-rents to M’ s complementary operationsin A

Again, this pricing game (whose outcome is ex post optimal for M) destroys all ex
ante incentives for independent innovation by B. Note that, taking firm M’s R&D level
as given, independent suppliers of B conduct less than the socially optimal amount of
R&D. This situation contrasts with the equilibrium in the main pricing game, where the
independent suppliers conduct the socially efficient amounts of R&D given M’s
(excessive) R&D level.

While this pricing game as described is particularly artificial, we think that its

implication is not. Presumably in the (much more complex) pricing game played in
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reality, independent B-firms would react to the prices charged by M’s affiliate.
Qualitatively, then, the squeeze would work essentially as described.

Again, firm M itself may well have an incentive to try to avoid this problem, but it
may be quite difficult. While the prospects for a commitment “not to price below cost”
may be somewhat brighter than the prospects for a commitment to ignore innovationsin
B when pricing A, we are skeptical that it would be a manageable commitment. It seems
quite possible that the most manageable kind of commitment would be to refrain from
integration. That would preserve incentives for independent R& D (in some versions of
the model), but loses internalization benefits and possible technical efficiencies of

integration.

V. COOPERATION AND EXCLUSION
Whether or not it is an integrated supplier of component B, firm M may be able to

take actions that improve or worsen an independent supplier’ s ability to offer value to
consumers. Most dramatically, M might deny the independent supplier access to
component A, but there are many other, less dramatic (or blatant) ways. For example,
firm M might adjust how promptly and openly it gives an independent supplier of
component B information about component A's specifications and the design of the
interface between the two components. In other cases, firm M may affect an
independent’ s costs or quality through firm M’ s choice of design for component A and
theinterface. In this section, we examine both firm M’ s incentives to threaten or engage

in exclusion and its incentives to help independent suppliers.

25



A. Cooperation and Integration
Wefirst consider firm M’sincentives to cooperate with independent firms

attempts to improve their product qualities. Firm M’sincentives depend, in part, on what
forces drive the pricing of the winning variant of B. When the leading innovation is non-
drastic, the leader offers the same quasi-surplus to consumers as does the second-best
variant when the latter ispriced at cost. When an innovation is drastic, the winning
supplier prices B asif it had no competition from other suppliers of B.

With complete information and inelastic demand, innovations always are non-
drastic. Moreover, efficiency depends solely on the quality of the best variant. Firm M’s
profits, however, can depend on the quality of the second-best variant. Indeed, wheniitis
not integrated into the supply of B, firm M’sprofit is equal to the second-highest B-
quality level. And anintegrated M’s profit is equal to the maximum of its own quality
and the second-best independent quality. The dependence on the second-best indpendent
quality gives M incentives to cooperate with the general process of quality improvement
by B-firms. The incentive is not exactly aligned with efficiency, however, because M is
concerned with the second-best variant of B, while welfare depends on the best variant.

This suggests two kinds of imperfectionsin M’ sincentives to help independents
innovate. First, M may take actions that help the second-best independent at the expense
of helping the best.?* Second, firm M may be unwilling to take actions that would
improve the best of the independent variants. As an extreme case, when firm M is

integrated and there is only one independent supplier of component B, firm M’s profitis

24 We consider one type of action—creating ex post spillovers—in the next part of

this section.
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equal toitsquality level inB. Hence, in this case, firm M has no incentive to help the
independent supplier.®

Under complete information, the lack of incentive to help the sole independent
supplier holds for any R& D function and demand structure such that innovation is non-
drastic. For sufficiently large differencesin quality, the profit-maximizing price of the
independent B will be driven by the overall demand for systems when demand is elastic.
In other words, the innovation will be drastic.® In this case, a higher quality level by the
leading supplier of B can result in increased profitsfor firm M, creating incentives for
cooperation.

When information isincomplete, firm M can have incentives to help an
independent supplier even when firm M isintegrated, there is only one independent firm,
and the innovation is non-drastic. The reason isthat independent firm N cannot observe
integrated firm M’ s quality level and thus N must price based on its subjective beliefs
about M’s actions. A higher quality of its variant generally will induce firm N to offer a
higher level of quasi-surplusto consumers. This higher level of quasi-surplus will
increasefirm M’s profits from the sale of component A.

Summarizing this discussion, we have:

Proposition 6. Under complete information, an integrated firm M facing asingle

independent supplier of component B has no incentive to cooperate with that supplier

» Firm M al so has no incentive to harm the supplier in this case.

% Interpreting —q as a cost, the standard conditions for an innovation to be non-

drastic (and for the proposition to hold) can be applied when demand takes any of
the following forms; D(p) = a+ bp, D(p) = a€™, or D(p) = ap®, wherea and b are
constants. For this class of demand functions, a monopolist facing demand D
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when innovations are non-drastic. With drastic innovations, multiple independent

component suppliers, or incomplete information, firm M has incentives to cooper ate.

B. Exclusion and I ntegration
We now return to the concern that firm M will use its control of the interface with

component A to exclude competitorsin B. In our model, there are three ways in which
threatening exclusion could be profitable for firm M. First, firm M could demand side
payments, or access charges, in return for granting interoperability. Second, firm M
could insist that a supplier of component B commit to charging alow price for its output,
which would increase the profits firm M would enjoy from the sale of component A (a
strategy we labeled an exclusionary squeeze in the introduction). Third, if the threats and
commitments can be made prior to the conduct of R&D, firm M might use the threat of
exclusion (or the promise to exclude others) as a means of increasing an independent
supplier’s R&D investment.

The next Proposition (not formally proved) records our claim that in our model,?
there is no reason to exclude independent suppliersif the above options are not available.

Proposition 7. Suppose side payments are infeasible, firm M cannot condition

accessto A on B'sprice, and thereis no possibility of binding access negotiations prior

would choose the same price asit would if it faced demand x*(p), where x* is
derived from D in the manner discussed in the text above. See the Appendix.

2 Recall that our model rules out two other reasons firm M might work to drive

independent suppliers of B out of the market. First, firm M faces no threat of two-
stage entry. Second, because components A and B are perfect complements, there
isno gain from excluding suppliers of component B in order to raise the price of
component B paid by consumers.
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to B’s conducting its R&D. Then thereis no incentive for firm M to threaten or engage
in exclusion, whether or not it has integrated.

In closing, we note that actual and threatened exclusion are in principle available
to M as strategies whether or not it isintegrated into B ex ante. However, if it were
illegal for M to engage in exclusion, integration could arguably make it harder to verify
whether it had done so. If M is not integrated into B, verifying whether a threat to exclude
has been carried out might be relatively easy. The reason is that, in carrying out the
threat, M would have to find some other independent B partner who would not be cut off
(or else no B would be available). By contrast, if M is integrated into B, then it could
(with colorable arguments about confidentiality, appropriability of innovations,

intellectual property rights, and so on) “close the interface” to all independent suppliers.

C. Spilloversand Grantbacks

We now consider another use of firm M’s ability to exclude independent
suppliers. Firm M may be able to use its control over access to component A to extract
commitments from independent suppliers of B to share their intellectual property with
one another or with firm M. That is, firm M may be able to mandate licensing. We also
address how firm M may use its ability to exclude as a response to the presence of
significant ex post technological spillovers® Ex post technological spillovers arise
when, if one firm is the most successful innovator, some of the result leaks to other firms
whether or not that firm grants alicense to itsintellectual property. In other words, other

firms can imitate the innovator.
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First, suppose that firm M is not integrated. It turns out that it generally has
incorrect incentives even ex ante:

Proposition 8. Suppose the number of suppliers of component B isfixed. With
complete information and inelastic demand, firm M can have socially excessive
incentives to generate ex post technological spilloversor mandate licensing.

Proof: With complete information and inelastic demand, there is no social value
to spillovers—the zero-spillover equilibrium yields the second-best levels of R&D
investment, and improvements in the quality of the second-best variant of B have no
value.

Spillovers can have aprivate value for firm M, however. When itsvariant of Bis
not the best one, firm M benefits from the increased competition due to an improvement
in the second-best variant. When its variant of B isthe best, firm M isindifferent with
respect to the second-best quality.

Firm M balances the gain from improvements in the second-best variant against
possible reductionsin the levels of R& D investments made by independent suppliers.
For some parameter values, the ex post private benefits of spillovers will exceed the
private losses from the reduction in R&D investment. QED

The excessive incentive to impose spillovers emerges starkly when firm M is
integrated and faces only onerival. Suppose there are two B-firms: an integrated M, and
one independent, N. Suppose that firm M can force N to provide intellectual property to

firm M in return for access to component A (a“ grantback™). With complete information,

% Ex ante spillovers would mean investment by one firm helps prospects of another,

even if the former firm fails to be the leader. The analysis of how firm M would
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firm M’ s overal profit is always equal to its own quality level. The independent firm’'s
R&D is socialy desirable but of no value to M absent spillovers. Thusevenif only a
small amount of independent R& D will be forthcoming with a grantback, M would rather
impose the grantback than encourage more independent innovation.

Sometimes, however, there can be spillovers even in the absent of mandatory
sharing or licensing. For example, one supplier may be able to reverse engineer the
products of others. If these baseline spillovers are high enough, they may destroy the
incentives to innovate: any firm that makes successful R& D investments may find its
product quickly imitated and the resulting product-market rivalry may be so intense that
recovery of the R&D outlaysisimpossible. In thiscase, firm M may restore intellectual
property rights—and, thus, the incentives to innovate—by using its control of accessto
component A to keep imitators out of the market for B.

In this setting, firm M can have incentives to commit to exclusion if there are such
high technological spillovers that incentivesto innovate in component B are very low
relative to the gross consumption benefits that innovation would create. In this case, firm
M may use its control of access as a backdoor means of restoring intellectual property
rights. It could either innovate itself or appoint an exclusive innovator.® Notice that this

incentive can arise in either the complete or incompl ete information pricing games.

respond to them could be different.

2 Even if the spillover must be symmetric, M doesn’t care, because if it winsthe

R& D competition in B it can optimally price B at cost and take the extra profitsin
A it has no need to take its profit margin in B.

Ironically, with perfect spillovers there might not be a problem. At most one firm
would enter anyway since multiple firms never can earn profits or cover any fixed
costs of entry.
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Proposition 9. In the presence of high baseline technological spillovers, firmM
may use its control of access as a backdoor means of restoring intellectual property
rights.

Of course, firm M can restore incentives only if it can credibly commit to
blocking imitators from access. 1t might appear that exclusive contracts could be used,
but notice that the contract would have to be signed prior to the R&D investment. But

then the value of having multiple innovatorsislost.

VI.  CONCLUSION: PUBLIC POLICY PROBLEM, OR MANAGEMENT
PROBLEM?

We have seen how there are complex—and often ex ante inefficient—effects of
some strategies that firmM may pursue, and how some of these strategies may be made
possible or easier if M integrates into the B market. These lessons apply even in the
simplest case of inelastic demand and compl ete information, where the “one monopoly
rent” or internalization theorem seems at its strongest. In this section we raise the
guestion whether, or to what extent, these findings suggest the existence of a public
policy problem, rather than just a management problem for M.

Much of our analysis concerned incentives to extract quasi-rents from
independent B-innovators. The ex post incentive is of course clear, but following the
internalization argument just rehearsed, one might ask whether an intelligently rapacious
M would efficiently avoid such problems. Our analysis demonstrates that firm M may
internalize ex ante a great deal of the effects. But the analysis also showed that in some
cases M has even an ex ante incentive to squeeze independent firms.

Anintriguing way to think of some of thisisthat firm M playsarolelike that of a
“public-interest” regulator: in many waysit has broadly efficient incentives (since it
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capturesthrough Aat least a part of what in a stand-alone B market would be consumer
benefits), but problems arise because it has a great deal of power and commitments are
difficult. Amidst concern lest excessive antitrust zeal bring regulation-style problemsto
the computer industry, we should not forget that an industry with a single gatekeeper

would also be in some sense aregulated industry.

VIlI.  APPENDIX
In this appendix we provide some results on the effects of double marginalization.

Let p* (w) denote the profit-maximizing price for a monopolist facing demand curve D
with unit cost w. In other words, p* (w) = argmax, D(p){p - w}. We examine how the
price chosen by an “upstream” monopolist (such as a uniquely and drastically successful
B firm in our model), knowing that its price will in turn be marked up by the downstream
monopolist, compares to a unified single-monopolist choice. In particular, if these prices
are the same, then we can say whether or not an efficiency difference is drastic without
conditioning on the vertical structure.
LemmaAl. If thereexist constantsa and b such that p* (w) = a + bw, then
argmax, D[p*(p)]{p—c} = argmax, D(p){p—c}.
Proof: Let po=argmax, D[p*(p)]{p —c}. Then p, satisfies the following first-
order condition:
D(a + bpy) + bD’ (a + bpg){po- c} =0.
By the definition of p*, the following first-order condition must also hold:
D(p*(Po)) *+ D’ (P*(P)){ P*(Po) - Po} =0,
or
D(a + bpg) + D' (a + bpg){a + (b-1)py} =0.
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Substitution then yields,
-D’(a + bpg){a + (b-1)po} +bD’(a + bpo){po- c} =0,
which is satisfied if and only if
{a+ (b-I)po} +b{po-c} =0.

Thislast equation impliesthat po=a + bc. However, by hypothesis, a + bc =
argmax, D(p){p - c}. QED

In words, Lemma A1 states conditions under which double marginalization by
firm M has no effect on the price chosen by an independent supplier of B.

LemmaA2. Thereexist constantsa and b such that h*(p) = a + bpif and only
if there exists a constant g such that gD’?= DD” .

Proof: p*(w) = argmax, D(p){p - w} if and only if the following first-order
condition is satisfied:

D(p*(w)) + D’ (p*(W)){ p*(W) - w} =0,
Tota differentiation yields
{20’ (p*(w)) + D" (p* (W)X p*(w) - w} } dp* - D’ (p*(w))dw =0,
or,
dp*/dw =D'/{2D’ + D" (p* -w) .
By the first-order condition for the optimality of p*, (p* - w) =-D/D’. Using this fact,
one obtains
dp*/dw =D’'/{2D’ - D"DI/D’} .

Hence, dp*/dw © b if and only if D’?= b{ 2D’?- D"D}. QED
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