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Abstract

We analyze a dynamic model of repeated innovation where inventors may
be acquired by an incumbent or else challenge its leadership. In the short run,
acquisitions always increase innovation because of the invention-for-buyout ef-
fect. In the long-run, however, acquisitions may stifle innovation because of
a countervailing effect, the entrenchment of monopoly. The entrenchment-of-
monopoly effect arises when the incumbent’s dominance depends on its past
activity level and thus is reinforced by repeated acquisitions over time. If the
entrenchment-of-monopoly effect is sufficiently strong, forward-looking policy-
makers should prohibit acquisitions in the anticipation of their long-run neg-
ative impact on innovation. This provides a new theory of harm that can be
used to block acquisitions that might otherwise go unchallenged.
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1 Introduction

Technology giants often acquire innovative start-ups with a high potential for growth[l]
Many of these acquisitions today escape antitrust scrutiny, or are cleared by the
agencies, because merger control focuses on the size of the firms at the time of the
acquisition, and target firms are typically acquired while they still are small. In
the last decade, however, this long-established approach has increasingly been called
into question. Critics argue that it is ill suited to innovative industries, where the
acquisition of small entrants may impede the mechanisms of Schumpeterian compe-
tition (i.e., the replacement of market leaders by new innovators), thereby stifling
innovation. Advocates of the permissive policy counter that the prospect of being
acquired increases the incentives to innovate of small enterprises that do not possess
the assets required to effectively bring their innovations to the market — a mechanism
that has come to be known as the invention-for-buyout effect ]

The entrenchment of monopoly. To shed light on this debate, in this paper
we propose a dynamic model of repeated innovation and acquisition derived from
Segal and Whinston (2007). In the model, acquisitions have both pro- and anti-
competitive effects. The pro-competitive effects are created by the invention-for-
buyout mechanism mentioned above. The anti-competitive effects are created by a
new mechanism, which we refer to as entrenchment of monopoly.

The entrenchment-of-monopoly effect arises when today’s barriers to entry de-
pend on the incumbent’s past volumes or market shares. This dependence may be
due to various reasons, such as for instance intertemporal network externalities, dy-
namic economies of scale, exclusive access to more and better data, switching costs,
and the like. All these factors imply that acquisitions may strengthen the incum-
bent’s dominance, making it more difficult for future inventors to enter the industry.
This reduces the incentives to innovate even if future inventors are in turn acquired,
because the entrenchment of monopoly worsens their outside options and therefore
reduces the share of innovative rents they can obtain in the bargaining with the
incumbent over the acquisition price.

Results. Our main result is that the competitive effects of acquisitions depend on
the time horizon of the assessment. In the short run, prohibiting acquisitions always
reduces the incentive to innovate because of the invention-for-buyout effect. In the
long run, however, prohibiting acquisitions may increase the level of innovation and
consumer surplus if the entrenchment-of-monopoly effect is strong enough. In other
words, the invention-for-buyout effect always dominates in the short run, but the
entrenchment-of-monopoly effect may prevail in the long run.

We also show that the optimal policy can be state dependent. In other words, it
may be optimal to permit acquisitions as long as market dominance is weak and pro-
hibit them once repeated acquisitions have made it too strong. This state-dependent

IRecent examples include Facebook’s acquisition of WhatsApp, Google’s acquisition of Youtube,
and Microsoft’s acquisition of Linkedin. These prominent cases are just the tip of the iceberg.
Focusing only on the “big five”, Motta and Peitz (2021) report 42 acquisitions by Amazon, 33 by
Apple, 21 by Facebook, 48 by Google, and 53 by Microsoft in the 2015-2020 period.

2The effect is so named after Rasmusen’s (1988) entry-for-buyout.
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Figure 1: The decreasing curves represent the equilibrium rate of innovation when ac-
quisitions are permitted (red) or prohibited (blue). The distance between the two curves
measues the invention-for-buyout effect. The vertical lines instead represent the long-run
level of market dominance, which is higher when acquisitions are pemitted because of the
entrenchment-of-monopoly effect. The curley arrows represent the process of convergence
to the steady states, starting from the current level of market dominance.

policy produces a cyclical dynamics. Initially, incumbents are allowed to grow by
acquisition. At some point, however, their dominance becomes so strong that fur-
ther acquisitions are prohibited. The market leader is then replaced by a successful
entrant, and a new cycle starts.

Mechanism. The logic behind these results is illustrated in Figure 1, where the case
that acquisitions are permitted is depicted in red, and the case that they are pro-
hibited in blue. The figure captures three key properties of the model’s equilibrium,
which our conclusions rest on:

e both with and without acquisitions, the rate of innovation decreases with the
degree of market dominance, reflecting the fact that the incumbent’s market
power constrains innovators’ ability to appropriate the returns from their in-
novations;

e for any given level of market dominance, the rate of innovation is higher when
acquisitions are permitted, reflecting the invention-for-buyout effect;

e the long-run degree of market dominance is higher if acquisitions are permitted



than if they are prohibited, reflecting the entrenchment-of-monopoly effect.

Combining these effects, it appears that prohibiting acquisitions may increase the
long-run rate of innovation.

Policy implications. Our results have noteworthy implications for policy. On
methodological grounds, they imply that acquisitions should not be assessed one by
one, in isolation from each other. This myopic approach, which in our model would
produce a lenient policy, is generally sub-optimal. Forward-looking policymakers
should consider the cumulative dynamic effects of alternative policy rulesf]

On substantive grounds, our analysis provides a theory of harm that can be used
to block acquisitions that might otherwise go unchallenged. In particular, prohibiting
acquisitions benefits consumers if the social discount factor is sufficiently high and
the entrenchment-of-monopoly effect is sufficiently strong. The analysis also clarifies
the role of other factors, such as for instance the inventors’ bargaining power vis-a-vis
the incumbent, or the speed with which innovations are imitated.

Related literature. Although the risk of entrenchment of monopoly is often men-
tioned in the acquisition policy debateE] to the best of our knowledge this is the first
paper that provides a formal analysis of this possibility. Previous research on the
impact of acquisitions on innovationﬂ has either focused on static models of isolated
innovations, or else posited that the degree of market dominance is time invariant.
In these settings, the entrenchment-of-monopoly effect cannot arise.

Models of isolated innovations provide the simplest analytical setting where the
invention-for-buyout effect can be demonstrated: see, for instance, Mason and Weeds
(2013), Phillips and Zhdanov (2013), and Letina et al. (2020). However, static mod-
els have also been used to uncover various adverse effects of acquisitionsff| In an
important contribution, Cunningham et al. (2021) have shown, both theoretically
and empirically, the profitability of “killer acquisitions.” Acquisitions are killer when
the acquirer suppresses one or more research projects initiated by the target firm in
order to prevent the cannibalization of its own market. In a similar vein, Kamepalli
et al. (2020) have suggested the possibility of a “kill zone,” where entrants, whose in-
novations would challenge the incumbent’s dominance, are discouraged by the threat
of incumbent’s aggressive reaction. Our analysis abstracts from these effects.

Static models have also been used to show that acquisitions can affect not only
the rate but also the direction of technological progress. In particular, acquisitions

3This marks an important difference with Nocke and Whinston (2010), where a myopic merger
policy based on consumer surplus as a welfare criterion is optimal also in a dynamic setting where a
series of mergers may be proposed over time. The reason for this difference is that the entrenchment-
of-monopoly effect makes our model more intrinsically dynamic: acquisitions affect not only the set
of active firms, as in Nocke and Whinston (2010), but also future demand, the degree of market
dominance, and the incentives to innovate.

4See, for instance, Scott Morton et al. (2019) and Bryan and Hovenkamp (2020).

5There is also an extensive literature on the impact of mergers on innovation: see Bourreau et al.
(2021) for an excellent synthesis. Unlike the case of acquisition of start-ups, this literature studies
the case in which mergers take place before investments in R&D are chosen.

6There can also be further positive effects: for example, acquisitions may relax the inventors’
financial constraints, as in Fumagalli et al. (2021).



can impact the diversity of research projects (Letina et al., 2020), whether innovators
target substitutes or complements of the incumbent’s product (Shelegia and Motta,
2021; Dijk, Moraga-Gonzalez and Motchenkova, 2021), or whether they target the
product of the market leader or of the follower (Bryan and Hovenkamp, 2020).

This paper, in contrast, belongs in the strand of the literature that analyzes
antitrust policy in dynamic models of repeated innovation. The pioneering contri-
bution here is Segal and Whinston (2007). Below, we shall discuss at length the
differences with their model; for now, suffices it to say that Segal and Whinston
(2007) do not consider acquisitions and assume that the degree of market dominance
does not change over time.

This latter assumption is also made by Cabral (2018, 2021). Cabral distin-
guishes between incremental and radical innovations. For incremental innovations,
the invention-for-buyout effect implies that acquisitions spur innovation. Radical
innovations are different, though. For them, the invention-for-buyout effect is mute
as these innovations would not be transferred to the incumbent anyway. Still, ac-
quisitions are not neutral because innovators may choose which type of innovation
to target. When acquisitions are permitted, incremental innovations may therefore
crowd-out the radical ones. Clearly, this crowding-out mechanism, which may reduce
the overall rate of innovation, is different from the entrenchment of monopoly.

Katz (2021) also focuses on the invention-for-buyout mechanism. He notes that
when the size of the innovation is endogenous, the implications of that mechanism
may in fact be ambiguous. The reason for this is that acquisitions raise the entrant’s
payoff but the incentive to innovate is not determined by the level of the innovator’s
payoff; rather, it is determined by the rate with which the payoff increases with the
size of the innovation/[]

While we derive our results analytically, other papers have resorted to numerical
analysis to study a richer industry dynamics. However, existing computational dy-
namic models do not feature the entrenchment-of-monopoly effect. The results they
produce are therefore driven, essentially, by the invention-for-buyout effect f|

Structure of the paper. In the next section, we outline a tractable dynamic model
of repeated innovation and acquisitions. In Section 3, we derive the model’s equilib-
rium when acquisitions are permitted. Section 4 examines the effects of acquisitions
on the rate of innovation. Section 5 analyzes the optimal acquisition policy when
antitrust authorities adopt non-contingent policy rules. Section 6 extends the analy-
sis to the case of state-dependent policies. Section 7 discusses the robustness of our
findings. Section 8 summarizes and concludes the paper.

"Katz’s observation is clearly relevant for our model and will be further discussed below.

8In particular, Hollenbeck (2019) focuses on the trade-off between the static allocative effects of
acquisitions, which are always negative, and the dynamic effects via the level of innovation, which
in his model are always positive due to the invention-for-buyout effect. As a result, he finds that
acquisitions are welfare-reducing in the short run but can be welfare-increasing in the long run.
Mermelstein et al. (2020) consider a model where entry is inefficient because of economies of scale
in production and investment. The invention-for-buyout effect implies that acquisitions facilitate
entry, but the fact that entry is inefficient implies that a restrictive policy may be optimal.



2 The model

In this section, we propose a tractable model of repeated innovation, adapted from
Segal and Whinston (2007). The model is tailored to industries where the ability to
innovate is diffused, so that it is unlikely that the same firm may innovate repeatedly,
and that the successful innovator may be identified ex ante.

There are three main differences from Segal and Whinston (2007). First, we
assume that in each period a new firm, randomly drawn from a large set of potential
innovators, obtains an innovationf| The inventor enters the market and in the ab-
sence of acquisitions stays active for two periods. In the first period of its life-cycle,
the inventor is the technological leader and competes with an incumbent that has
some other sort of competitive advantage. In the second period, it becomes the new
incumbent and competes with the next inventor, which has meanwhile entered the
market. In the subsequent period, it loses its market power and is absorbed by a
competitive fringe.

Second, we consider the possibility that incumbents may acquire the innovative
entrants. Since inventors cannot be identified ex ante, acquisitions may take place
only ex post, when the invention has already materialized. The acquisition has two
consequences: the incumbent gains control over the entrant’s innovative technology,
and it also “rejuvenates,” postponing exit by one period. Therefore, an incumbent
can remain active forever if it systematically acquires the new inventors.

Third, while in Segal and Whinston (2007) the incumbent’s advantage is time-
invariant, we allow it to change over time as a function of the industry’s past history.
In particular, we posit that the incumbent dominance is strengthened by acquisitions,
which can therefore lead to the entrenchment of market power.

These ingredients are embedded in a fully specified model of the industry, whose
other components are kept as simple as possible in order to obtain closed-form solu-
tions. After developing the analysis, we discuss its robustness in Section 7.

2.1 Demand

A vertically differentiated product is demanded by a mass of homogeneous consumers
(normalized to one), who may purchase either 0 or 1 units. The net utility from
purchasing one unit of a product of quality ¢* at price p is

U'=q -7, (1)

where the willingness to pay for quality is also normalized to one. The utility of
not purchasing is normalized to 0. (These normalizations do not entail any loss of
generality.)

9Segal and Whinston’s main analysis focuses on the case where the same two firms alternate in
leading.



2.2 Innovation, entry and market structure

In each period t = 1, 2, .., one outsider, randomly drawn out of a number of potential
innovators, gets an idea for improving the existing technology ¢; ;. This outsider
then becomes the period-¢ inventor by developing its idea into an innovation, i.e.,
a product of quality ¢, > qt_llr_U] The cost of raising the quality level from ¢;_; to
Q@ = G- + Ay is:

C(A) = 542 @)

The inventor chooses the innovation size A; so as to maximize its profits.

After developing its invention, inventor ¢; enters the market. In the absence of
acquisitions, in period t inventor ¢; is the technological leader but faces competition
from the incumbent (i.e., inventor ¢;_1). In period ¢+ 1, inventor ¢; becomes the new
incumbent and competes with inventor ¢ 1.

As time passes, inventions can be imitated by a competitive fringe. We assume
that the innovation is used exclusively by the inventor for two periods and can then
be imitated freely. (For example, the invention might be protected by a patent that
lasts for two periods.) As a consequence, in the absence of acquisitions inventor ¢; o
is absorbed by the competitive fringe in period ¢. Thus, in each period ¢ there are
three types of firms: an entrant (FE), which supplies a product of quality ¢ = ¢, an
incumbent (I) with quality ¢/ = ¢;_1, and a competitive fringe (F') with ¢/ = ¢;_»["]

The unit production cost is independent of quality and is normalized to OH

2.3 Market dominance

While being technological laggards, incumbents have been active for longer and thus
may have acquired a competitive advantage of some other sort. This competitive
advantage may be due, for instance, to intertemporal network externalities, dynamic
economies of scale, exclusive access to more and better data, or switching costs.
Conversely, entrants may face various entry hurdles; for example, some consumers
may be unwilling to try new products, or may not be aware of their existence.

To capture these factors in a tractable way, we assume that not all demand is
contestable by the entrants. Specifically, in each period ¢ a fraction p, of consumers
are “captive” and can purchase only the old productsH The remaining 1 — p,

10With a slight abuse of notation, we denote by ¢; both the quality and the identity of inventor.

"1One can allow for the possibility that imitation is faster, e.g., because intellectual property
protection is imperfect. For example, continuing to assume that invention ¢; is fully protected in
period t and can be imitated freely in period ¢t + 2, the innovation could be imitated partially in
period ¢+ 1. In this case, the competitive fringe’s quality would be ¢ = ¢;_2+v(q;—1 —q;—2), where
parameter v is an index of the speed of imitation, or an inverse index of the strength of intellectual
property protection. When v = 1, the competitive fringe imitates the innovation in just one period,
whereas the baseline case where imitation takes two periods is re-obtained for v = 0. One can
easily verify that the only change in our formulas is that the discount factor 6 must be replaced by
0(1 — v). Therefore, the parameter ¢ captures not only the private rate of time preference but also
the strength of intellectual property protection.

12This normalization, like the previous ones, does not involve any loss of generality.

13The assumption that captive consumers can purchase from the fringe limits the extent to which



consumers, on the other hand, are “free” and can purchase also the new product.
This assumption may be interpreted literallyllz] or as a metaphor for various possible
sources of market dominance.

We posit that a firm’s captive consumers in period t 4+ 1 are a fraction of those
who purchased from the firm in period t. This assumption captures the notion that
the incumbent’s advantage depends on its past activity levelF_EI Thus, the number of
captive consumers evolves over time according to the following equation:

piva = w(1 = )y, (3)

where zF is the fraction of free consumers who purchase from the entrant, and

k € [0, 1] is the fraction of such consumers who are fidelized and turned into captive.
The superscript N A stands for “no acquisition.”

2.4 Acquisitions

If acquisitions are permitted, the incumbent may acquire the inventor after the latter
has entered the market. Let P, denote the acquisition price paid by the incumbent |
For simplicity, we assume that one of the two firms makes a take-it-or-leave-it offer
to the other. (With a slight abuse of terminology, we shall refer to this stage of
the game as the “bargaining process.”E[) This implies that bargaining is efficient, so
acquisitions will take place whenever they are jointly profitable. We denote by « the
probability that the entrant is the proponent and the incumbent is the receiver; with
probability 1 — «, the roles of the firms are reversed. Thus, « is the share of the
bargaining surplus obtained on average by the entrant — a measure of its bargaining
power.

The entity resulting from the acquisition is denoted by M. The entrant provides
to firm M its new technology ¢;, while the incumbent brings in the old technology ¢;_1
and its captive consumer base. We assume that after the acquisition, the new entity
is able to remove the constraints that would otherwise prevent captive consumers
from purchasing the new product g, 7|

Therefore, when the acquisition takes place captive and free consumers can
choose from the same set of products. However, they may still differ in the de-
gree of loyalty to the merged entity. Accordingly, we assume that firm M fidelizes

they can be exploited by the incumbent and ensures the stationarity of the model.

14See, for instance, Oertel and Schmutzler (2021) for a similar assumption. The assumption that
part of the demand is not contestable by the incumbent’s rivals is in fact common in the literature
on exclusionary conduct: see, for instance, Ide and Montero (2020) and the literature cited therein.

5In the same spirit, Stein (1998) assumes that incumbents have a cost advantage over outsiders
that increases with the duration of their incumbency.

16The assumption that the incumbent acquires the entrant, and not the other way round, is just
an accounting convention. Nothing would change if the roles of the firms in the acquisition process
were reversed.

1"We adopt a strategic approach to the bargaining process to avoid mixing notions from cooper-
ative and non-cooperative game theory. However, many different bargaining solutions would lead
to the same expected outcome as our non-cooperative assumptions.

18See Kamepalli et al. (2020) for a similar assumption.



a fraction k of the free and a fraction &, possibly greater than x, of the captive
consumers that it serves. As a result, in the next period it will have:

M, M,C
Nﬁrl = K(1 — py) 7 e Sy (4)

captive consumers, where xi\/[ F and xiw ‘“ denote the fraction of the free and captive
consumers served by firm M, respectively, and superscript A stands for “acquisition.”

The parameter £ is our index of the entrenchment of monopoly. It might seem
natural to assume that £ > k, but for the sake of generality we allow £ to vary in the
entire interval [0, 1]. When £ = 0, acquisitions do not affect the dynamics of market
dominance. When £ = 1, in contrast, all captive consumers served by the merged
entity remain captive in the next period, and thus the entrenchment-of-monopoly
effect is strongest.

2.5 Timing

We consider an infinite horizon game in discrete time. Each period t is divided
into three stages. In the first stage (ex ante), the inventor is randomly selected
and chooses the innovation size, A;. In the second stage (interim), the incumbent
and the entrant bargain over the acquisition price and, if an agreement is reached,
the acquisition occurs. In the third stage (ex post), firms compete in prices. This
sequence of events is repeated in every period t = 1,2, ....

Firms are risk neutral and maximize intertemporal profits, where future values
are discounted by the common discount factor o < 1. Total discounted profits as of
time t are denoted by II¢, and current profits are denoted by =i, with i € {E, I, M}.

We analyze the Markov perfect equilibria of the game. Under our assumptions,
it is clear that at the beginning of each period ¢, the payoff-relevant variables are i,
qi—1 and q;_s. At the interim stage, i.e. after the entrant has chosen the size of the
new innovation A, the set of payoff-relevant variables includes also ¢;.

To simplify the presentation, we adopt the following tie-breaking rule: when a
consumer or a firm is indifferent among different actions, it chooses the one that
maximizes aggregate proﬁtsF_g]

3 The acquisition game

In this section, we find the model’s equilibrium under the assumption that acquisi-
tions are always permitted. Since the merged entity can replicate any behavior of
the entrant and the incumbent, acquisitions are weakly profitable in our model. (In
fact, we shall presently show that they are strictly profitable.) This implies that
acquisitions will always take place in equilibrium.

To ensure perfectness of the equilibrium, we start from the pricing subgames and
then proceed to the bargaining over the acquisition price and the choice of innovation
size.

19This assumption captures the idea that the stronger firm could slighty reduce the price to break
the indifference.



3.1 The pricing subgames

We begin from the pricing subgame that is actually played on the equilibrium path,
i.e., the one starting after the incumbent and the entrant have merged.

Obviously, the competitive fringe supplies the best freely available quality, ¢f" =
qs—2, and prices it at cost, pI’ = 0. The equilibrium strategy of the merged entity is
given by the following lemma.

Lemma 1 The merged entity supplies only one product of quality ¢ = q;. It serves
all consumers (:v;MF = xiw’c = 1) at price piw = Ay + A;_1, reaping a profit of

7Tiw = At + At—l' (5)

The intuition is simple. Even if the competitive fringe does not sell any output in
equilibrium, it exerts a competitive pressure by providing an outside option to con-
sumers. The merged entity must then undercut the fringe in utility space, charging
a price equal to the value of the quality differential /']

Note that the presence of the competitive fringe prevents prices and profits from
increasing over time in spite of the fact that the quality level grows unboundedly.
From an economic point of view, this guarantees that all benefits from technolog-
ical progress eventually accrue to consumers; from an analytical point of view, it
guarantees the stationarity of the equilibrium.

Next, we characterize the price equilibrium that arises, out of the equilibrium
path, if the incumbent does not acquire the entrant.E] In this case, there are two
active firms beyond the competitive fringe. In the baseline specification of the model,
we assume that these two firms choose their prices sequentially, with the incumbent
acting as the price leader.

This assumption serves two purposes. First, it implies that acquisitions do not
affect consumer surplus for any given state of the technology, as we shall see below.
This property allows us to focus on the effects of acquisitions on innovation. Sec-
ond, the assumption guarantees the existence of a pure strategy equilibrium. With
simultaneous moves, in contrast, a pure-strategy pricing equilibrium generally fails
to exist. (Intuitively, the existence of captive consumers is similar to a capacity con-
straint, as the entrant cannot supply more than (1 — y,) units.) Later we shall also
consider the case where the entrant acts as the price leader ]

Lemma 2 If the incumbent acts as a price leader, it serves all captive consumers and
the entrant serves all free consumers (xf = 1). The incumbent prices at pl = Ay,
and obtains a profit of

W{ (1) = 1 As1. (6)

20Gince the merged entity always uses the state-of-the-art technology g;, there are no “killer
acquisitions” in our model.

21 The same equilibrium arises also on the equilibrium path if acquisitions are prohibited, as shown
in footnote 24 below.

22This assumption too avoids mixed-strategy equilibria but implies that acquisitions raise the
equilibrium prices and hence have a static negative effect on consumer surplus. The case of simul-
taneous moves is discussed in footnote 36 below.
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The entrant’s equilibrium price is pf = Ay + A;_1, so the profit it earns in the first
period of its life cycle is

W;E(Mt) = (1 — ) (Ar + Ary). (7)

When the incumbent acts as a price leader, both the incumbent and the entrant
slightly undercut the competitive fringe in utility space, and the entrant also slightly
undercuts the incumbent. As a result, consumers obtain the same net utility from
any firm they could buy from[”%] The incumbent has no incentive to compete more
aggressively for the free consumers because it anticipates that it would be outpriced
by the entrant.

From Lemmas 1 and 2, it follows immediately:

Corollary 1 Acquisitions are always strictly profitable.

Acquisitions are profitable for two reasons. From a static viewpoint, they fa-
cilitate the diffusion of the innovation: the state-of-the-art product is sold not only
to the free consumers but also to the captive ones, and the extra surplus is reaped
by firm M. From a dynamic viewpoint, acquisitions increase the fraction of captive
consumers that the incumbent can exploit in the next period.

Next consider the impact of acquisitions on consumer surplus. Both with and
without acquisitions, consumers obtain exactly the surplus guaranteed to them by
the fringe:

CS, = qi_s. (8)

From the viewpoint of consumers, therefore, acquisitions matter only to the extent
that they affect innovation, and hence their future surplus.

Finally, Lemmas 1 and 2 imply that the dynamics of the share of captive con-
sumers reduces to

pisy = R(L— ) + Epy 9)
with acquisitions, and to
piga = w(1 = ) (10)

with no acquisitions.

3.2 The acquisition price

Proceeding with the backward induction, consider next the bargaining over the ac-
quisition price.

From the previous analysis, it appears that profits depend only on the quality
differentials A and not on the quality levels q. Thus, the period-t payoff-relevant
variables are {y,, A;_1} at the ex ante stage and {u,, Ar—1, A} at the interim stage.

B Equilibrium outputs follow from our tie-breaking rule. As noted, that rule reflects the notion
that the more efficient firm could outprice the rival by offering tiny price discounts that rivals cannot
afford.

11



Accordingly, denote by V/(u,, A;_1) the firms’ value functions at the ex ante stage,
and by v!(u,, A¢_1, A¢) the interim value functions, for i € {E, I, M}.

Since entrants are systematically acquired, the entrant’s value function (gross
of the innovation cost) must coincide with the acquisition price. Furthermore, the
value functions at the interim stage must obey the following conditions (to simplify
the notation, we shall suppress the dependence of the value functions on the relevant
variables when this does not create confusion):

UtM = Wiw + 5‘411(#211: Ay) (11)
UF = (1-a) [Wt + 5‘/;5—1—1(:“75—!—1’ At)] + o (in - Wg) (12)
ol = oM —oF. (13)

Equation says that the merged entity obtains profits 7 in period ¢ and then
becomes the new incumbent with 47}, captive consumers, which gives a continua-
tion value of 6V,L, (i1, Ar). According to , the acquisition price (which as said
coincides with the entrant’s value function) equals the entrant’s disagreement payoff
plus a fraction « of the bargaining surplus. The entrant’s disagreement payoff is
equal to the entrant’s current profit if it resists being acquired, 7, plus the contin-
uation value, 0V;4, (14, Ay). The “one-shot deviation principle” implies that the
continuation value must be calculated on the expectation that even if there was no
acquisition in period ¢, entrant ¢, will nevertheless be acquired in period t + 1.
However, an entrant that is not acquired will have only +1 captive consumers in
the next period. As for the period-t incumbent, its disagreement payoff is simply 77,
as in the absence of an agreement it would exit the market in the next period. The
bargaining surplus is therefore v} — [xf + VL, (14, Ar) + 7], whence condition
follows. The final condition says that the value of being the incumbent must be
equal to the value of the merged entity minus the acquisition price. In other words,
the acquisition does not change the sum of the firms’ values because the extra-profits
created by the merger are already included in the forward-looking valuation of the
firms.

The system of equilibrium conditions (11])-(13]) cannot be solved for the interim
value functions yet, because it involves the ex ante value functions V| (uik 1, A;) and
VL (w4, Ay), which depend on the anticipated value of A;. To proceed, we must
therefore consider the optimal choice of the innovation size.

3.3 The innovation size

The equilibrium innovation size must satisfy the following condition:

1
ANy A1) = argmax |vF (uy, Ay 1, ) = 522 (14)

12



In a Markov perfect equilibrium, this optimal choice of A; is anticipated by all
players. This provides a link between the ex ante and interim value functions:

‘/ti(MﬁAt—l) = UZ“ [”taAt—lyA?(ut7At—1)] for i € {E717 M} (15)

This completes the set of conditions that must simultaneously hold in equilibrium.

3.4 Equilibrium

It is easy to verify that the set of Markov perfect equilibria coincides with the set of

solutions to the system of equilibrium conditions (11])-(15]), given the profit functions

, @ and @) In fact, the solution is unique. It can be calculated explicitly thanks

to a key simplifying property of the model, namely, the additive separability of the

profit functions 7 in A; and A,;_;. This implies that even if the acquisition price P

depends on all expected future values of A, the optimal innovation size does not.
The solution procedure is detailed in the proof of Lemma 3. It yields:

Lemma 3 In the baseline model, the equilibrium innovation size is
AP () = (1+0k) (1= ) + a1+ 68 py. (16)
The ex ante value functions are

VP (1 Av1) = g+ byt + doip + (1 — 1) Ay (17)
VI (e, A1) = 9o+ orp + Pabty + Dia (18)

The coefficients ¢,, and ¢,,, forn = 0, 1,2, are reported in the appendix. Given
V.E (1, Ay—1) and VI (u,, A1), one can easily recover VM (11, A;_1) and the interim
value functions v* from conditions —.

4 Acquisitions and innovation

In this section, we analyze the impact of acquisitions on innovation. We show that
prohibiting acquisitions always reduces the equilibrium innovation size in the short
run but can increase it in the long run if the entrenchment-of-monopoly parameter
¢ is sufficiently large.

4.1 Benchmark: no acquisitions

To proceed, we determine the innovation size when acquisitions are prohibited and
thus never occur. In this case, the entrant’s payoff is

2N = 7B (,) + oty (), 19)
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where the profit functions are the same as in Lemma 2% The equilibrium innova-
tion size with no acquisitions then is AN4(y,) = argmax [HtE NA _ TA?|. Simple

calculations lead to the following:

Lemma 4 If acquisitions are prohibited, the equilibrium level of innovation is

AY () = (1+0k) (1= py). (20)

4.2 Short run
Comparing and one immediately obtains:

Proposition 1 Provided that o« > 0, prohibiting acquisitions always reduces the
equilibrium innovation size for any given p, > 0:

AP (1) > AT (). (21)

Proposition 1 reflects the invention-for-buyout argument. Intuitively, the in-
novation is more valuable in the hands of the incumbent, which can supply the
state-of-the-art product not only to the free consumers but also to the captive ones.
By transferring the new technology to the incumbent, acquisitions therefore create a
surplus, a share of which is obtained by the inventors when « > 0. The prospect of
being acquired thus increases the value of the innovation to forward-looking inven-
tors, and hence their incentives to innovate’| The greater the entrant’s bargaining
power «, the stronger the invention-for-buyout effect.

4.3 Long run

However, acquisitions affect also the dynamics of ;. Starting from an arbitrary g,
period after period p, will converge towards its steady state level ji, which is

_A R
= 22
e S (22)
if acquisitions always occur, and
—NA K
- 23
i T r (23)

241 fact, this is not obvious, as firms are forward looking, and the entrant’s continuation value is
different with and without acquisitions. In the former case, the continuation value is §V7 (1} 1, A);
in the latter, it is ém] ; (u7). However, inspection of the proof of Lemma 2 reveals that all that
matters is that the continuation value is non-decreasing in p, 1, which is true in both cases. This
ensures, in particular, that in equilibrium z” = 1 and thus the dynamics of j, is still given by (10).

25Yet, this is not a foregone conclusion. The incentive to innovate is not determined by the
impact of acquisitions on the inventor’s profit level, but by its impact on the rate with which profits
increases with the innovation size. Proposition 1 guarantees that in our model the marginal and
total effects go hand in hand. See Katz (2021) for a model where this property does not necessarily
hold.

14



if they never occur. Clearly, iV < i, where the inequality reflects the entrench-

ment of monopoly created by repeated acquisitions over time.

In the long run, the total effect of acquisitions is the combination of the short-run
effect and the effect of the change in . If acquisitions are always prohibited, the
long-run level of innovation is

_ 1+ 0k

If acquisitions are always permitted, on the other hand, the level of innovation is

AA (A = (14 dr) (11——1_52:24&(1—1—55)- (25)

Comparing and , it appears that if the entrenchment-of-monopoly effect
is sufficiently strong, the positive short-run impact of acquisitions on innovation may
be reversed in the long run.

Proposition 2 In the long run, prohibiting acquisitions increases the equilibrium
innovation size if
a(l+k)

$> 140k —ad(l+k)

(26)

Intuitively, the long-run impact of acquisitions is the sum of two components,
namely, the difference between A and AN4 for any given y,, and the difference
between 14 and ™V4:

AN — AT EYY = [AMEY) - AT EY] + [AYAEY - A EYY] . (27)

The first component is positive by Proposition 1, but the second component is nega-
tive and its magnitude increases with &, which widens the gap between i and V4.
This explains why the long-run impact of acquisitions on innovation can be negative
if £ is large enough.

From (26]), one immediately obtains the following comparative statics results.

Corollary 2 Prohibiting acquisitions is more likely to raise the long run level of
mnovation

e the higher the entrenchment-of-monopoly parameter &,
e the lower the entrant’s bargaining power «,
e the lower the private discount factor 0, provided that & > Kk,

e the lower the fraction of free consumers that are turned into captive k.

These conclusions make intuitive sense. We have already discussed at length
the role of the entrenchment-of-monopoly parameter £&. The entrant’s bargaining
power determines the size of the invention-for-buyout effect. As o decreases, the
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invention-for-buyout effect is weaker and thus is more likely to be dominated by
the entrenchment-of-monopoly effect. The intuition behind the effect of § is similar.
Since part of the extra-rents created by the period-t acquisition accrue in period
t + 1, the size of the invention-for-buyout effect increases if future profits count
more@ (Remember that a lower discount factor § captures also the possibility of
faster imitation due to e.g. weaker intellectual property protection, as discussed in
footnote 10.) As for x, the result follows from the fact that when ¢ is equal to the
critical value , the difference between i and V4 decreases with k.

Figure 2, which essentially adapts Figure 1 to the specificities of the baseline
model, illustrates the difference between the short-run and the long-run effects. The
two downward sloping lines represent the equilibrium levels of innovation with and
without acquisitions, as a function of y,. For any given p,, the level of innovation
is higher with acquisitions. However, the level of innovation is, in both cases, a de-
creasing function of the degree of market dominance ,utE] and in the long run market
dominance is higher with acquisitions because of the entrenchment-of-monopoly ef-
fect. Graphically speaking, the move along the curve can outweigh the gap between
the curves.

4.4 Transitory dynamics

Our model is tractable enough to allow explicit calculation of the equilibrium dy-
namics of the innovation size A, starting from an arbitrary p,. When acquisitions
are permitted, the share of captive consumers evolves over time as follows

A K K t
S - _ 28

/’l’t 1+/{_§+(M0 1_}_,{/_5)(5 K’)’ ( )
and thus the level of innovation is

1+ k[a(l+66)+61-¢)]—¢

A? - 1+Kx—-¢& *
—[1+ 6k — a1 + 66)) (“O‘ﬁ) (€ —r)". (29)

261n fact, things are slightly more complex. While it is true that the difference A2 (11,) — ANA(1,)
increases with ¢, it is also true that the impact of § on both A (p,) and AN4(u,) depends on ,,
and 4 > V4. This is why the comparative statics would be reversed if ¢ < k.

2To be precise, while AN4(p,) is always decreasing in j,, Af*(u,) is decreasing only if a < ﬁ‘;g

Intuitively, an increase in j, has three effects on A#'. First, an increase in p, reduces 7. Second,
it reduces the entrant’s continuation value, off the equilibrium path, if it refuses being acquired,
Vtﬂ_l(uf\_ﬁ, A;). This effect arises as inventor ¢; will have fewer captive consumers in period ¢ + 1.
Both effects worsen the entrant’s disagreement point in the bargaining process and hence the share
of innovative rents that it can capture. The third effect is that when & > &, an increase in p,
increases ,ufﬂ, and this reduces the acquisition price in period ¢+ 1, thereby increasing the on-path
continuation value V!, (1} 1, A;). Unless « is very large, however, this last effect is dominated by
the first two. In particular, the Af(p,) curve is always decreasing if o < 1.
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Figure 2: Equilibrium innovation size as a function of p. For any given iy, A is higher
with acquisitions. If acquisitions are prohibited, however, the incumbent’s competitive
advantage (1, will decrease in the subsequent periods, whereas if acquisitions are permitted
it will increase. The two vertical lines are the steady state values of p in the two cases.

When, on the contrary, acquisitions are prohibited, we have

Na_ R LN WA
W= ek (o= ) (- (30)
and 10 g

NA "‘H_ B K Y

A, g (1+51€)(u0 1—|—/-€)( K) . (31)

Comparing and , it appears that initially the level of innovation is higher
when acquisitions are permitted, but as time passes the different dynamics of 1, may
reverse the comparison@ Figure 3 illustrates.

5 Acquisition policy: non-contingent rules

Having analyzed the impact of acquisitions on innovation, in this section we turn to
the optimal antitrust policy. We assume that antitrust authorities adopt consumer
surplus as a welfare criterion and discount future values by the social discount factor

65

28While the steady state is always stable, the transitory dynamics is monotonic if acquisitions
are permitted and £ > k and oscillatory if they are prohibited or £ < k.

29The social discount factor dg is generally greater than the private discount factor § because
benevolent policymakers ought to be more patient than private firms, and because § may reflect
not only the private rate of time preference but also the speed of imitation, as discussed in footnote
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Figure 3: The dynamics of equilibrium innovation size when acquisitions are permitted and
prohibited. The figure depicts a continuous time approximation of the discrete dynamics,
which eliminates the oscillations that would be exhibited by the discrete dynamics when

acquisitions are prohibited. The picture has been drawn for K = 2 & = V5 =

Iy 20 20
a = 0.45 and p, =

In view of , the policymaker’s objective function as of period  is

chmn 5 (qt 2 + O5G:- ﬁ%ZMHn). (32)

s=0

The first two terms inside brackets are pre-determined in period ¢, so the policy-
maker’s objective function effectively reduces to

W= 0500, (33)
n=0

In other words, social welfare comparisons boil down to the comparison of the dis-
counted sum of current and future innovation sizes.

In this section, we focus on non-contingent policies where acquisitions are either
always approved or never approved. In the former case, using social welfare
becomes:

(1+0K) (1 —&s) —ardg(1+0§) 1—a+dk—adl
(1= 95) (1= b5( — )] TosE—w)

9 above. However, our formulas would continue to hold even if §g < 4.

WtA (1) = (34)
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If acquisitions are always prohibited, on the other hand, using social welfare

becomes:
1+0K 1+ 0k

(1—0g)(1+6gk) 1+0dgk
Comparing W/N4(u,) and WA (u,), we obtain:

WtNA (Mt) =

- (35)

Proposition 3 Prohibiting acquisitions increases social welfare if and only if

a(l+0skK)
(1—a)dsor — (05 — ad)

&> (36)

When 65 — 1, condition (36)) collapses to . In this limiting case, the weight
of the transitory dynamics in the social welfare calculation becomes negligible, and
the welfare comparison depends only on the steady state levels of innovation{ﬂ

More generally, even when dg < 1 the impact of the model’s parameters on
condition (36)) is qualitatively the same as in Corollary 2, and for the same reasons.
The only additional effect is that prohibiting acquisitions is more likely to be optimal,
the higher the social discount factor dg. This makes intuitive sense: in our model
prohibiting acquisitions is socially costly in the short run (Proposition 1) but may
bring about long run benefits (Proposition 2). It is therefore natural that a restrictive
policy may be optimal if the policymaker is sufficient patient ']

6 State-dependent policy

In this section, we assume that antitrust authorities observe the state of the industry
1, and can condition acquisition policy on it.[sr_zl We show that the optimal policy may
then produce leadership cycles and analyze how those cycles depend on the strength
of the entrenchment-of-monopoly effect.

6.1 Cut-off rules

We shall focus on a class of simple policy rules, where the policymaker permits
acquisitions as long as p, < i and prohibits them when p, > i for some cut-off

30Condition becomes particularly transparent in the limiting cases 6 = dg or k = £, when it

reduces to
«

(1-a)ds’

Although this condition is generally more demanding than , it may be easier to interpret.

31In particular, Propositions 3 implies that a myopic policy, which in our model would always
be lenient (when dg = 0, condition reduces to § > %7 which can never be satisfied), is not
necessarily optimal if the policymaker is, in fact, patient enough. This marks an important difference
with Nocke and Whinston (2010): see footnote 3 above.

32Strictly speaking, the state also includes A;_;. However, this variable does not affect future
innovation and affects consumer surplus in an additive, separable way. As such, it is evident that
A;_1 cannot affect the optimal acquisition policy in period ¢.

£>
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Figure 4: A non-stationary cycle of length ¢ = 2.

value ﬂﬁ These cut-off policies produce a cyclical dynamics, where acquisitions are
permitted a certain number of times until a period comes where they are prohibited.
At that point, the incumbent is eventually replaced by a successful entrant, and
acquisitions start being permitted again.

Intuitively, as long as acquisitions are permitted the degree of market dominance
i, increases, until it crosses the threshold ji. When it does, the acquisition is pro-
hibited, p, jumps down, and a new cycle starts. Figure 4 illustrates.

We define the length of a cycle, ¢, as the number of consecutive periods in which
acquisitions are permitted between two successive prohibitions. The variable ¢ may
be interpreted as the degree of leniency of acquisition policy. Cycles are degenerate,
and policy is effectively state independent, when ¢ = 0 (acquisitions are always
prohibited) or ¢ = oo (acquisitions are always permitted).

Starting from an arbitrary p,, the cycles generated by a given cut-off /i are,
generically, non stationary, as the one shown in Figure 4. However, there exist limit
cycles where the system follows exactly the same steps over and over again. A limit
cycle of length ¢ (and period ¢ + 1) is implicitly defined by the following conditions:

Hip1 = "1(1 - ,ut) + &y

37
Hyqp = k(1 — Nt+£—1) + g:utJrffl ( )

Hiyor1 = “(1 - Mt+£) = M-

33We believe that the optimal policy belongs to this class but have not been able to prove this
conjecture so far.
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At the end of the limit cycle, the value of 1, is

I
pt(0) = Tinie_n)y (38)

and at the beginning of the cycle it is p* (¢) = k [1 — p# (0)].

Lemma 5 Under a cut-off policy rule, the degree of market dominance i, converges
to a limit cycle. The length of the limit cycle is O if

i< (0) = ™,

itis 0+ 1 if
pt (0) < p<p' (0+1), (39)
and it is infinite if
> élim p (0) = @

Lemma 5 says that given a cut-off policy, the limit cycles are stable attrac-
tors. The relationship between the length of the limit cycles and the cut-off fi, ¢ (j1),
is stepwise increasing, as illustrated in Figure 5. Intuitively, the greater i, the longer
it takes, starting from any given p, < fi, to pass the threshold. Furthermore, the
greater fi, the lower y, at the beginning of the next cycle.

Asymptotically, a cut-off policy is fully characterized by the length ¢ of the limit
cycle which the industry converges to. If i changes but remains within one and
the same interval of Lemma 5, the change in i may affect the industry’s transitory
dynamics but not the long-run level of innovation.

6.2 Baseline model

The rest of this section is organized as follows. We shall first consider the baseline
model and show that the optimal policy there is not state dependent. We then
turn to a variant of the model where state-dependent policies may be optimal and
characterize their properties.

We begin with a useful preliminary result. So far, we have considered only the
case where acquisitions are systematically permitted or systematically prohibited.
Under a state-contingent policy, however, acquisitions may be permitted in certain
periods and prohibited in others, depending on the level of market dominance. A
convenient simplifying property of our model is that the level of innovation in period
t in fact depends only on whether acquisitions are permitted or prohibited in period ¢;
it does not depend on whether acquisitions are permitted or prohibited in subsequent
periods.

Lemma 6 If acquisitions are permitted in period t, then Ai(u,) = A (u,) drre-
spective of acquisition policy in all subsequent periods. Likewise, if acquisitions are
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Figure 5: The relationship between the length of the limit cycles £ and the cut-off ji. The
figure has been drawn for K = % and £ = %. With these values, V4 = % and it = %,
and the length of each step after the first one is two thirds of the remaining distance to

/]A. For example, the threshold where ¢ jumps from 1 to 2 is ji = g, the threshold where
17

57, and so on.

¢ jumps from 2 to 3 is i =

prohibited in period t, then A;(p,) = ANA(u,) irrespective of acquisition policy in all
subsequent periods.

This is not a foregone conclusion. In the model, firms are forward looking, and
future acquisition policy can affect the continuation values in the dynamic game.
However, the proof of the lemma shows that future policy affects the continuation
values in an additive way and thus does not change the marginal profitability of R&D
investment ]

We now show that in the baseline model the optimal policy is not state dependent.

Proposition 4 In the baseline model, the optimal acquisition policy does not depend
on p,. Acquisitions should always be prohibited or always permitted, depending on
whether condition (36) holds or not.

Intuitively, this follows from the fact that in the baseline model, the sign of the
difference WN4(p1,) — W(1,) is independent of the initial condition p,’] implying
that the possibility of conditioning policy choices on the state of the industry p, is

34This simplifying property of the model depends on the additive separability of the period-t
profit functions in A; and A;_1. Therefore, Lemma 6 continues to hold also in the variant of the
model considered below.

35This appears from the fact that condition does not depend on p, and may be easily verified
analytically.
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actually valueless. This property of the baseline model in turn rests on the fact that
both functions A#(y,) and AN4(p,) are linear in ;.

We now consider a variant of the model where the function AZ(y,) is non linear
and show that in this case the optimal policy may be state dependent.

6.3 The entrant as the price leader

One way to generate a non-linear function A#(y,) is to assume that the entrant,
rather than the incumbent, acts as the price leader{ﬂ

Reversing the order of moves in the pricing game changes the equilibrium when
the acquisition does not take place. Lemma 2 is now replaced by the following:

Lemma 7 If the entrant acts as a price leader, the incumbent serves all captive
consumers and the entrant serves all free consumers (v} = xF =1). The incumbent
prices at pl = A, and obtains a profit of

7T:{ () = 1Dyt (40)

The entrant prices at p¥ = Ay + u,Ar_1, so the profit it earns in the first period of
its life cycle is
my (1) = (1= p1g) (Ar + 1A - (41)

The incumbent’s price and profit are the same as in the baseline model. Dif-
ferently from the baseline model, however, when the entrant acts as a price leader
it cannot just undercut the rivals in utility space by setting pf = A, + A, . If
the entrant priced this way, the incumbent would now have an incentive to lower
the price below A;_; in order to capture the (1 — u,) free consumers. The entrant
must therefore further reduce its own price down to the point where the incumbent’s
incentive to compete for the free consumers vanishes — a form of limit pricing.

If the acquisition takes place, the price equilibrium does not change. Compared
to the new and more competitive benchmark, however, acquisitions now raise the
equilibrium price paid by the free consumers, by an amount equal to (1 — p,) Ay_.
Thus, consumer surplus is C'S# = ¢;_, if the acquisition takes place in period ¢, as
in the baseline model, but now it is

OSM = gra + (1= )" Dia (42)

if the acquisition does not take place. Therefore, acquisitions have a direct, negative
effect on consumer surplus for each given level of the technology. In addition, they

36Under the assumption that the dynamics of market dominance is given directly by (9) and (10),
the case of simultaneous moves would lead to the same results as when the entrant acts as a price
leader. The reason for this is that firms would price myopically, as the impact of acquisition on future
market would not depend on current outut levels. Now, in a static pricing game of simultaneous
moves, each firm would obtain the same payoff as if it would act as the price leader (as in Kreps and
Scheinkman, 1983). Therefore, the entrant’s profit would be , and the incumbent’s profit would
be @, which coincides with . If one sticks to the original assumptions and , however,
the analysis of the simultaneous-move pricing game becomes much more involved.

23



have a dynamic effect, via the equilibrium size of innovations, as in the baseline
model.

The non-linearity of the profit function translates into a non-linearity of the
equilibrium innovation size function, A2 (y,).

Lemma 8 When the entrant acts as a price leader, the equilibrium innovation size
is £
A1) = Xo + Xab + Xahif (43)

where:

Xo = 1+6(1—r+r?)
X1 = —[(1—a)=601-2k)(1 - ag))]
Xo = 6(K*—2aKé+ag®) > 0.

The function Af(y,) is now convex. It is still decreasing in i, provided that «
is not too large.

When acquisitions are prohibited, on the other hand, it is easy to verify that the
equilibrium size of innovations does not change and is still given by condition (20)).

The short-run effect of acquisitions on innovation (Proposition 1) is still positive.
In fact, in this variant of the model the short-run effect is strictly positive even when
a=0,u =0,or bothﬁ In the baseline model, in contrast, the invention-for-buyout
effect vanishes for @ = 0 or p, = 0. The reason for this difference is as follows. Even
if entrant ¢, has no bargaining power (o = 0), its intertemporal payoff is higher
when acquisitions are permitted because it will appropriate the extra-rents from the
acquisition in period ¢ + 1 — when, having become the new incumbent, it will have
all the bargaining power. The extra-rents generated by the period-t + 1 acquisition
are A + (1 — g +1)2At and therefore increase with A;. As a result, when
acquisitions are permitted entrants now have an extra-incentive to invest in R&D
even if a = 0]

The long-run effect of acquisitions on innovation (Proposition 2) is still the com-
bination of the short-run effect and the change in the long-run degree of market
dominance. If acquisitions are always prohibited, the long-run level of innovation

37In this variant of the model, the algebra is sometimes cumbersome. For this reasons, the
equilibrium value functions are not reported here. They may be found in a mathematical appendix
that is available from the authors upon request. This appendix presents various other formulas that
are too cumbersome to be reported in the text.

38Indeed, we have

BAY = AF) =61 = r (1= )] + apy {1 = 66 [1 = 25 (1 — ) — €]}

whence the claims in the text immediately follow. Even if the difference A — AN is now positive
also when o = 0 and p, = 0, the gap is still an increasing function of both a and ,.

39Tn the baseline model, in contrast, the period-t + 1 extra-rents are just te 1A and thus
are independent of A;. Thus, when « = 0 acquisitions would increase the entrant’s intertemporal
payoff but would not affect the marginal profitability of R&D investment. This difference between
the effect on the total and the marginal payoff illustrates a point made by Katz (2021).
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is still ([24). If acquisitions are always permitted, on the other hand, the level of
innovation now is

1+ (1—a)(1—k)

At =1—(1—a)p* 1—pt(1- 44
() = 1= (1= o)t 40| 1=t (1 - ) = (14)

Again, there exists a threshold é , implicitly defined by condition
Al () = A EY, (45)

such that prohibiting acquisitions increases the long-run level of innovation when
¢ > & and reduces it when & < &

6.4 Optimal cycles

The differences from the baseline model discussed above are, in themselves, relatively
minor. A more important difference is that Proposition 4 may now fail, so that always
prohibiting or always permitting acquisitions is no longer necessarily optimal["] In
this subsection, we analyze the optimal cut-off policy.

We continue to assume that antitrust authorities use consumer surplus as their
welfare criterion. Discounted consumer surplus now is

o 1 o o
Z CSinds = 155 (%—2 + 0511 + 0% Z 57§At+n> +Z 1, va (1 — Mt+n)2 05A1n,
n=0

s=0 n=0
(46)
where 1, x4 is an indicator function that is 1 if acquisitions are prohibited in period
t and 0 if they are permitted. Compared to (29), the additional term on the right-
hand side captures the static negative effect of acquisitions on consumer surplus.
This static effect arises because firms would compete more aggressively when the
entrant acts as the price leader, as discussed above.

For simplicity, we shall henceforth focus on the limiting case dg — 1. The
advantage of doing so is twofold. First, it allows us to abstract from the static effects
that we have just discussed, whose relative weight in the social welfare calculation
becomes negligible as ¢ — 1. Intuitively, the static allocative effects of acquisitions
are transitory, whereas the effects on the size of innovations are permanent. Second,
when ds — 1 social welfare depends only on the average size of innovation across
the limit cycle which the industry converges to. This allows us to abstract from the
transitory dynamics towards the limit cycles, which may be fairly complex, and focus
on the asymptotic behavior of the industry.

Asymptotically, as noted, the cut-off policy is fully characterized by the length ¢

40The analytical expression for é is reported in the mathematical appendix.

41 This follows from the fact that the sign of the difference W (11,) — W4 (p1,) may now depend
on p,. This is verified in the mathematical appendix, which reports the new expression for WtA(ut)
(when acquisitions are prohibited, W4 (y,) is still given by ) and shows that the sign of the
difference WA (1,) — WN4(11,) may now change as p, varies. As noted, this in turn depends on the
non-linearity of the function Af(p,).
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Figure 6: Social welfare under different lengths of the limit cycles. The degenerate cases
of non-contingent policies are depicted in blue (¢ = 00) and red (¢ = 0). The other curves
represent the case of non-degenerate limit cycles for £ = 1 (black),/ = 2 (purple) and
¢ = 3 (green). The figure has been drawn for & = 0.1, 6 = 0.6 and k = 0.4.

of the limit cycles that the industry converges to. We are interested in ascertaining
how the optimal length depends on the strength of the entrenchment-of-monopoly
effect and on the other parameters of the model.

Proposition 5 The optimal length of the limit cycle, (*, is

e a stepwise decreasing function of the entrenchment-of-monopoly parameter &,
e a stepwise increasing function of the entrant’s bargaining power «,
e a stepwise decreasing function of the private discount factor o

e and a stepwise decreasing function of the fidelization rate k.

Remember that ¢* may be interpreted as an index of the leniency of the optimal
policy. Proposition 5 then essentially extends Proposition 3 to the case of state-
dependent policy. It says that acquisition policy should become more restrictive as
the entrenchment-of-monopoly effect gets stronger and the fidelization rate x gets
higher. On the other hand, acquisition policy should become less restrictive as the
entrant’s bargaining power « and the private discount factor § (which captures also
the strength of intellectual property protection) increase.

The intuition behind these results is similar to the case where policy is not
state-dependent. Figure 6 illustrates the effect of the entrenchment of monopoly
parameter.
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Three final remarks are in orderEZI First, a non-degenerate state-dependent policy
with £* > 1 is optimal if  is not too large["] However, when « is very large, £* may
jump directly from ¢* = 0 to £* = 0o as £ decreases. Likewise, for lower values of k,
/* initially increases step by step as £ decreases, but at some point it jumps directly
to £* = oo.

Second, focusing on non-contingent policies may understate the case for prohibit-
ing acquisitions. For example, when a = 0.1, 6 = 0.6 and x = 0.4, always permitting
acquisitions dominates always prohibiting them if £ < é ~ 0.845. However, it is
already optimal to prohibit certain acquisitions for lower values of £. In particular,
when é“ = (0.845 it is in fact optimal to prohibit acquisitions every two periods. This
remains the optimal policy until £ = 0.741, when it becomes optimal to prohibit
acquisition every three periods, and so on. Always permitting acquisitions is optimal
only for £ lower than 0.705, approximately.

Third, the welfare gain from using a state-contingent policy may be non negli-
gible. In the above example, it may exceed 6% of the discounted consumer surplus,
but for other parameter values it can easily reach 20-30%.

7 Robustness

Our main conclusions rest on three properties of the equilibrium:

e for any given level of market dominance, acquisitions increase the rate of inno-
vation;

e the rate of innovation decreases with the degree of market dominance;

e acquisitions increase the degree of market dominance.

One could derive our results from a reduced-form model that directly posits
these properties. The advantage of using a fully specified model of the industry is
that it provides a proof-of-concept demonstration of the properties’ self-consistency.
However, our full-fledged model has several ancillary assumptions made only for

42These properties are demonstrated in the mathematical appendix.
431t can be shown that a non-degenerate cycle is optimal for some value of ¢ if and only

A(E) > A (E) = ANA(©)

where
AL = D[ANAGH (1)) + A% (1))
24 ar)(I—k)+~KE
B+ rE=r)
+5(1 — k)1 =26)+ 2+ (1l = k)? + k(1 + KY)] E+ K21+ k(1 + K)(1 — o 52.

Bl +r(§—r)

is the average size of the innovation along a cycle of length ¢ = 1 and é is the threshold defined by

condition .
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reasons of tractability. These assumptions can be changed without affecting the
properties mentioned above, and therefore without changing our main results.

In this section, we discuss the role of these ancillary assumptions. We also briefly
discuss other possible extensions of our model, which may create additional economic
effects worth of analysis. These are however left for future work.

7.1 The product market

One basic ingredient of the model are the profit functions 7i. Our specific assump-
tions about product market competition essentially serve to derive profit functions
that possess certain key properties while remaining tractableff]

In particular, the profit functions 7, 7! and 7F are increasing in the size of

innovations. Moreover, 7!/ is increasing in the degree of market dominance s, and

7F is decreasing in y,. These properties are essential to the model’s results and
cannot be dispensed with.

In addition, however, our profit functions possess some special properties. First,
they are additively separable in A; and A;_;. This property allows us to calculate
the value functions of the dynamic game, v} and V', explicitly and thus is key for
obtaining a closed-form solution. If it fails, our results could still survive. However,
one would likely have to resort to numerical methods for solving the model.

Second, in the baseline model the profit functions are linear in the degree of
market dominance p,. This guarantees that the equilibrium innovation size functions,
A2 and AM4| are linear in ut As noted, one implication of this linearity is that the
optimal policy is not state dependent. There are various ways to modify the baseline
model so that one or both functions A# and AN4 become non linear, opening the
door for state-dependent policies. Our analysis of the case where the entrant acts as
the price leader is just one possible example.

7.2 The dynamics of market dominance

The most novel ingredient of the model is perhaps the assumption that acquisitions
increase the future degree of market dominance: p; > 4. The further, special
assumption of linearity of the difference equations (3) and (4) simplifies the analysis
but is not essential £

The model uses a specific interpretation of the notion of market dominance,
namely, the fraction of demand that is not contestable. However, we believe that our
insights could apply also to other interpretations. For example, market dominance
can be modeled as a cost advantage enjoyed by the incumbent, as in Stein (1997), or

“However, they also affects the dynamics of market dominance, via the equilibrium quantities,
as discussed below.

45Tn fact, the linearity of the profit functions does not suffice for the linearity Together with the
quadratic specification of the R&D cost function (2), and the linear specification of the dynamics
of market dominance (3) and (4)

40Tn fact, the linearity of (9) and (10) requires both that (3) and (4) are linear, and that the
equilibrium quantities ¥, xé\/[ " and xi\l’c are independent of p,. This is another simplifying
consequence of our assumptions about product market competition.
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as a quality advantage (perhaps due to dynamic network externalities). As long as
the incumbent’s advantage depends on its past activity levels, and acquisitions raise
these activity levels, this should not change our main results.

7.3 Extensions

We conclude by mentioning three possible extensions of the model, which we leave
for future work.

First, our model assumes that incumbents do not innovate. This assumption is
common in dynamic models of repeated innovation{”| but it is restrictive. Relaxing
this assumption is necessary to analyze the impact of acquisitions on the incumbents’
innovative efforts.

Second, our model assumes an exogenous rate of arrival of ideas — one per period.
Thus, the model determines the size of innovations but not their frequency. One could
endogenize the frequency of innovations by assuming that it depends on the entrant’s
prospective profit, a variable that is endogenously determined by our model. This
would add another dimension along which acquisitions could impact technological
progress.

Finally, our partial-equilibrium model could be embedded into a general equi-
librium model of the economy, so as to analyze the possible macroeconomic conse-
quences of acquisition policy, and in particular its impact on the rate of economic
growth.

8 Conclusion

We have analyzed a tractable model of repeated innovation, where incumbents may
either compete with innovative entrants or else acquire them. In the model, acqui-
sitions have both pro-competitive and anti-competitive effects. The pro-competitive
effects are created by the invention-for-buyout mechanism: inventors earn more by
transferring their innovations to the incumbent than by exploiting them directly, so
their incentive to innovate is higher when such technology transfers are permitted.
The anti-competitive effects, on the other hand, are created by the entrenchment of
monopoly caused by acquisitions. When acquisitions are permitted, that is to say,
incumbents come to enjoy a higher degree of market dominance, and this reduces
the entrants’ incentive to innovate.

We have shown that the invention-for-buyout effect always prevails in the short
run but can be outweighed by the entrenchment-of-monopoly effect in the long
run. As a result, if policymakers are sufficiently patients and the entrenchment-
of-monopoly effect is sufficiently strong, prohibiting acquisitions may be the optimal
policy. In some cases, the optimal policy may be state-dependent. In other words,
it may be optimal to permit acquisitions as long as market dominance is weak and
prohibit them once repeated acquisitions have made it too strong.

4TOne way of justifying this assumption is by noting that incumbents have a lower incentive to
innovate than outsiders because of Arrow’s replacement effect. However, other factors could offset
Arrow’s effects.
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We have assumed that antitrust authorities focus exclusively on consumer wel-
fare. It is sometimes claimed that this narrow focus leads to too lenient a policy.
However, we have shown that if antitrust authorities are forward looking and consider
the cumulative dynamic effects of different policy rules, the use of consumer surplus
as a welfare criterion may actually lead to a restrictive policy towards acquisitions.

Our results also imply that the small size of the target firm should not provide
a safe harbour against antitrust scrutiny. The critical variable which policy should
focus on is not the size of the target of the acquisition, but the degree of market
dominance enjoyed by the incumbent. To the extent that in innovative industries
the degree of market dominance correlates to the size of the incumbents, that is the
size that should matter in the antitrust assessment of acquisitions.
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Appendix

Proof of Lemma 1. The merged entity’s objective function is ¥ 4+ 0V} | (i 1, A),
where ¢ is the discount factor,

7C b
Wi\/[ = /thiv[ +(1— Mt)xiv[ F] piw

is the current period profit, and 8V}, (4, A) is the continuation value, i.e., the
dicounted value of being the incumbent in the next period with i | = k(1— ut)xiw Ty
19 ,utxiw ' captive consumers.

To begin with, assume that the merged entity prices myopically, i.e., § = 0.
Since all consumers are effectively identical in this case, there is no incentive to
price discriminate by supplying different quality levels. Thus, the dominant firm will
supply only the highest quality, ¢;. Since the competitive fringe guarantees to all
consumers an outside option of U = ¢;_,, the merged entity must match this utility
level:

UM =g —p =0],

with a tiny price discount to break the indifference, if necessary. Therefore, pM =
Ay + Ay 1. In this myopic equilibrium, a:iWF = xiw O =1,

Next suppose that 6 > 0. It is intuitive (and we shall confirm below) that the
continuation value V4, (pi 1, A;) is a non-decreasing function of 4, which is in

. . M,F M,C :
turn a non-decreasing function of z;"* and z, . Therefore, a forward-looking firm

. . . . M,F M,.C
would have an incentive to further reduce the price so as to increase ;" and z;"

. . . M,F M,C . . .
if possible. But since x; " and x; " are already equal to 1, the myopic price remains

optimal also for a forward-looking firm. W

Proof of Lemma 2. Plainly, all firms supply the highest quality level that they
control: ¢f = ¢, ¢/ = q;1, and ¢/ = ¢;_2, and the fringe prices at marginal cost
(i.e., 0). The incumbent and the entrant, on the other hand, price so as to maximize
their respective profits:

T =0 X]

and
7 = pP X[ + 6V, (uds A)

where X! denotes the mass of consumers who purchase from firm 7 in period ¢, and
VL (w4, A) is the value of being the incumbent in the next period with p\q =
k(1 — p,)xE captive consumers. The incumbent, which is due to exit in the next
period, prices myopically. A forward-looking entrant, in contrast, must keep into
account the impact of its current price on the number of captive consumers that it
will inherit in the second period of its life-cycle, as this affects the profits that it will
earn in its capacity as the new incumbent.

To begin with, however, suppose that the entrant prices myopically (§ = 0).
Given the behavior of the fringe, consider the entrant’s best response to p!. Free
consumers choose to purchase from the entrant if U” > max {U/, U['}, that is, if
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pP < min {p/ + Ay, Ay + Ay_1}. Therefore, the entrant’s best response is

pi+ Ay ifpl <Ay,
pE(p]) =
A+ A if pf > Ay

Next, consider the incumbent’s strategy as a price leader. The incumbent makes
no sales if p! > A;_;. On the other hand, it anticipates that if it reduces the price
below A, 1, it would always be undercut by the entrant and would therefore serve
only the captive consumers anyway. Therefore, the incumbent must price exactly at
A1 (with a tiny discount to break the captive consumers’ indifference, if necessary).
By doing so, it gets a profit of 7/ = p,A; ;. In response, the entrant prices at
pF = A; + A, (again with with a tiny discount if necessary) and will serve all free
consumers.

If 6 > 0, so that the entrant is forward looking, it would have a further incentive
to reduce the price to increase z” if that were possible, as the continuation value
‘/t{‘rl is increasing in j, ;. However, zf is already equal to 1, so the myopic price
remains optimal also for a forward-looking firm. W

Proof of Corollary 1. With no acquisition, the firms’ aggregate payoft is
(1= 1) (A + Ap1) + Aoy + SV (d A).
If the incumbent acquires the entrant, in contrast, the aggregate payoff becomes
(A + A ) + 5‘/154-1(#7&—&-17 Ay).

The lemma then immediately follows by comparing the above expressions, keeping
in mind that V/}, increases With the fraction of captive consumers p,, ;, and that

Mf‘ﬂ (1 - Mt) + &y > :U’t+1 = “(1 - Nt)- u

Proof of Lemma 3. From the optimization problem it appears that the equilib-
rium innovation size depends only on the derivative of vF(u,, A1, A;) with respect
to Ay, which is the marginal profitability of increasing the size of the innovation. To

calculate the derivative, let us substitute into , obtaining

vf (e A1, &) = (1—a) [Wt +5V;€+1(:ut+1aAt)] +afm)” +(5VI(,ut+1,A ) — 7Ttl]
= (1-a)r +a(r) —mf)+9 [( )‘/til(lu’tJrl? Ay) + 04VI(Nt+17 At)} :

The on-path continuation value is

Vtil(lﬁtAﬂa Ay) = Utl+1(/%A+1a Ay, AT

A ex A ex;
= U%l(#t—&-b Ay, At+1> UE&-l(Mt—f—lv Ay, At-ﬁ)
= ﬂ-%—l + 5‘/;+2(Mt+2 ) A:ﬁ) +

—(1—-a) 7Tt+1 +5Vi£r2(ﬂt+2aA§fi)] a[”%l(“?+laAtaAte—}?i) 7Tt1+1 )
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where AP is the anticipated innovation size in period ¢ 4 1 and ;75 is the fraction
of captive consumers in period t + 2 if the entrant is acquired both in period ¢ and
in period t + 1. Likewise, the off-path continuation value is

I NA _ I NA exp
Vt+1(ﬂt+1a Ay) = Ut+1(#t+1a Ay, At+1)
_ M NA exp E NA exp
= Utﬂ(ﬂtﬂa Ay, At+1) - Ut+1(,ut+1= Ay, At+1)
_ M I NAA exp
= Mg T O0Viia(pye ™ AG) +

NAA ex ex
—(1— ) |7y + OV (", AR + alvdhy (uika, A, ATR) =l

where u,ﬁé’A is the fraction of captive consumers in period ¢ + 2 if the entrant is not
acquired in period ¢t but is acquired in period ¢t 4+ 1. (It follows from the one-shot
deviation principle that this is indeed the relevant value of p.)

Next, note that all current-period profit functions

’/Tiw = At + At,1

T‘-{(Mt) = WA

T (1) = (1= p) (A + Agy)
are additively separable in A;_; and A;, and that all other terms in the expression for
vE (s, A¢—1, A¢) do not depend on A;_;. This implies that v (u,, A;_1, A;) depends
on A; ; in an additively separable way and that, as a result, the optimal choice of
A; does not depend on A;_;.

Since a similar argument applies to all subsequent periods, it follows that A

does not depend on A, and the same is true of AT, A7} etc. These future values
depend only on p,. In particular

Vtil(#?ﬂa At) = (1 - 0‘) [Wﬁ1(/~0tA+1) - Wil(“ﬁrl)} + O‘W{H(N?H) +

+ terms that depend only on p,

and

VL A0 = (1= a) [miy () — i (D] + amlpy () +

+ terms that depend only on i,

Thus, we have

of (D1, ) = (1= a)mf () + o [m)" — i (u)]) +
+6{ (1 - a) [Wﬁl - Wﬂl(ﬂﬁ?)} + Omz{ﬂ(/ii\ﬁ) +

ta [ﬂ-z{,\il - Wil(ﬂfﬂﬂ + O‘”z{ﬂ(ﬂﬁﬂ) }
+ terms that depend only on p,

Collecting all terms that depend on A, ; and A;, we finally have
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UtE<:U’t7 Ar1, A) = (1= p)Apr +
+[(1+ k) (1 — p) + apy (1 4+ 68)] A, (47)
+ terms that depend only on

From this expression, follows immediately, proving the first part of the lemma.

With the equilibrium innovation size at hand, we can now determine the equilib-
rium value function, and hence the acquisition price. To this end, we make a guess
on the functional form of the value functions and find them by the method of unde-
termined coefficients. Since A7 is linear in g, and (47) shows that the expression for
the value function vF(p,, Ay_1, A¢) involves the product p, x A;, we conjecture that
the ex ante value functions are polynomials of degree 2:

V;E(:utv A1) = (1= p)Aia +ag+ay, + awf (48)
VM (e A1) = Ayy +bo + bapty + bopii. (49)
Given Vi"(p;, A1) and VM (py, Aior), we have Vi (py, Apr) = VM (py D) =
V.E(puy, A¢y—1). We then identify the coefficients ag, ay, as, by, by and by by imposing

the condition that — must be identically satisfied. Proceeding in this way, we
get

(2—a)(1+6r) {1+ %5k + (1 —a)[2+ k(la+0) — (1 — k)adé] ik}

% = 1+ (1—a)d][l— (1 —a)dn|[L+ (I —a)ok?]
_ ]
9 = [1—(1—a)ok][1+(1—«a)ik?
6 — L—a+d(k—ad)] {1 —a)[1-0(&—k)"—RkE(E— k)] +(2—a)dx — o}
2 1+ (1—«)ok?
and

_ (1+im{1 + a2k + (1 — )24+ ak + 0k — (1 — K)ad€] Ok}
0 1+ (1—a)d|[I—(1—a)dr[l+(1—a)di
]
[1—(1—a)ok][1+(1—«a)ok?]
S —kr)[14+6r—a(14+6)][1 —k(l—a)+ (1 —a)(l+ k)]
1+ (1—a)ok?] '

Y1 =

Pa =

This proves the second part of the lemma.
It is tedious but simple to verify that V! (u,, A;_1) is increasing in p, — a property
the was used repeatedly in the proof of Lemma 1 and 2. B

Proof of Proposition 1. From and we have

Af () = A (1) = (1 + 68, > 0.0
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Proof of Proposition 2. Using the steady state values and we get

1= &+rla+6— (1 —a)i]
B 1+k—¢

Al ()
and

140k
1+k

AN @) =
The difference is

l1+dr—ad(1+rK)]E—a(l+k)

AiVA(ﬁNA) - Af(ﬂA) =K (1 + /'i) (1 + K — 5) )

whence the result follows immediately.ll
Proof of Proposition 3. Simple algebra shows that

[(1+0r)§0s — a(l + Kdg)(1 + 6E)] [05(k — 1) + p1y]
(1—55)(1+/€55) [1—55(5—,‘%)] ’

whence the result follows immediately. B

WtNA . WtA —

Proof of Lemma 5. First of all, consider a generic cycle of length ¢; that is, suppose
that there are ¢ consecutive periods in which acquisitions are permitted, followed by
one period in which they are prohibited, irrespective of the value of ;. Focusing only
on the beginning and the end of such a cycle, the dynamics of y, can be described
by the following difference equation

~

-1
Hiperr = H — K (€ —r)"—rK(§— “)Zﬂt-

n

I
<)

The characteristic root of this difference equation is, in absolute value,

‘—Ii“%l(f — /ﬁ)@% <L

This shows that all cycles of length ¢ converge to the limit cycle of length ¢, irrespec-
tive of the initial condition.

Next consider a generic cut-off i € [ﬂN A, ,HA]. It is easy to see that starting
from an arbitrary p,, after at most one cycle, all subsequent cycles have length ¢ (/).
By the above result, it follows that the system converges to the limit cycle of length
£(j).

The logic of the proof is similar for the degenerate cases i < V4 and g > . In
the former case, starting from an arbitrary p,, after at most one period acquisitions
are always prohibited. In the latter, starting from an arbitrary p,, after at most
one period acquisitions are always permitted. The stability of these degenerate limit
cycles then follows from the stability of the steady states and (23). W

Proof of Lemma 6. Proceeding as in the proof of Lemma 3, it is easy to verify

37



that if acquisitions are permitted in period ¢, the derivative of the acquisition price
P, = vE(py, A1, A¢) with respect to A; may depend only on whether acquisitions
are prohibited or permitted in period ¢ + 1. We already know that if acquisitions are
permitted in period t 4 1, we have

E
Ui (Mt? Atfla At) = (1 — Mt)Atfl +
+[(1+6K) (1 — py) + ap, (14 0£)] Ay + other terms

where the other terms depend on expected values A, A7 APH etc., and thus
depend only on ,. If, on the other hand, acquistions are prohibited in perlod t+1,
the period-t acquisition price is

0f (e, Av1, ) = (1= @) [mf + 6y (ui)] + almd! + om) (ufy) — 7] -

That is, the continuation value reduces to the profits that the merged firm will reap
in its capacity as the next-period incumbent. Simple calculations yield

v (s Doty D) = (1= ) Aoy + (14 65) (1= py) + oy (1 + )] Ay

This immediately implies that if acquisitions are permitted in period ¢, A&(y,) does
not depend on whether acquisitions are permitted or prohibited in the subsequent
periods.
Next suppose that acquisitions are prohibited in period t. If acquistions are
prohibited also in period t + 1, the entrant’s profit is
et =l (uy) + oml ()
= (L= p) (Be1+ D) +06(1 — py) Ay,

whence follows. If, on the other hand, acquistions are permitted in period ¢ + 1,
the entrant’s profit is

Wf(ﬂt) +0 [U%Fl(ﬂtH?AtaAteipl) Ugrl(ﬂtA+1>At> Afﬁ)]
= 7TtE<Nt> +0 {W{H Mt+1) + (1 - 0‘) [77%1 - Wfﬂ(ﬂtﬁ) Wil(ﬂﬁﬁ)}} +

+ other terms that depend only on .

E,NA
IT,”

Plugging the equilibrium profits into this formula, one obtains

HFNA = (T—p) (A1 +Ay) + 0 [@MtﬂAt + (1 - )Nt+1 (At + A?ﬁ)}
= (1= o)A+ [(1— py) + 6pi51] Ay + other terms
= (1= p)A1 +
+(1+0r)(1 — py) Ay +
+other terms that depend only on f,

so the optimal level of innovation is still given by (20). B
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Proof of Proposition 4. We verify that the non state-contingent policy is optimal
by applying the single-deviation principle. To begin with, suppose that condition
holds, so that always prohibiting acquisitions is the optimal non-contingent
policy. Consider an alternative policy where acquisitions are permitted in period ¢
and then are always prohibited from period ¢ + 1 onwards. With this policy, social
welfare is:

WtLO(Nt) = Af(ﬂt) + 55WtNA(Mﬁr1)-
Using and , this rewrites as:
th’o(,ut) = (1+0r)(1 — ) + (1 + Eds)py +

L Bs(L 80) [1 = (1= ds)(l = ) + (1 = O]
(1—13s)(1+0sk)

Simple algebra shows that W,"%(y,) < WN4(u,) when (36) holds.

Next suppose that condition (36 . fails, so that always permitting acquisitions is
the optimal non-contingent policy. Consider an alternative policy where acquisitions
are prohibited in period ¢ and then are always permitted from period ¢ + 1 onwards.
With this policy, social welfare is:

W () = AN () + 58WA(Nt+1)
Using and ([34)), this rewrites as:

1—05(§—ar)+ 0kl —(1—a)ds]
(1—14s) (14 0sk)

W ( 1) = [1—(1—6s)p -

Simple algebra shows that Wy (,) < W/A(y,) when fails.

Thus, the optimal non-contingent policy always survives one-shot deviations.
This confirms that such policy remains optimal even when state-contingent policies
are feasible. W

Proof of Lemma 7. As in the proof of Lemma 2, let us begin by assuming that
the entrant prices myopically (§ = 0). Given the behavior of the fringe, consider
the incumbent’s best response to pP. Captive consumers choose to purchase from
the incumbent if U/ > U, that is if p/ < A;_;. Free consumers choose to purchase
from the incumbent if U/ > max {UF,Uf}, that is, if p] < min {pZ — Ay, Ay }.
Therefore, the incumbent must always undercut the fringe by setting a price no higher
than p! = A;_, for otherwise it would make no sales. (Likewise, the entrant must
always undercut the fringe to make positive sales, so we can restrict attention to the
case p¥ < A; + A;_; with no loss of generality.) If the incumbent prices exactly at
A1 (with a tiny discount to break the captive consumers’ indifference, if necessary),
it gets a profit of m! = p, Ay ;. If it further reduces the price to undercut not only
the fringe but also the entrant, pricing at p! = pf — A,, it earns 7/ = pf — A,.
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Therefore, the incumbent’s best response is

AVER] if pF < A+ p A1,
pi(pf) =
ptE — At if ptE > At + ,LLtAtfl'

Next, consider the entrant’s strategy as a price leader. As noted, the entrant
makes no sales if p” > A; + A;_;. It also makes no sales if pf > A; + A1, as
in this case the incumbent would undercut it. Therefore, the entrant’s equilibrium
price is pF(u,) = Ay + p,As_1. At this price, the entrant serves all free consumers:
zP=1.

Finally, suppose that 6 > 0 so that the entrant is forward looking. Since the
continuation value V;%, is increasing in fi,,, the entrant would have a further incen-
tive to reduce the price to increase xZ if that were possible. But since zF is already
equal to 1, the myopic price remains optimal also for a forward-looking firm. Wl

Proof of Lemma 8. Proceeding as in the proof of Lemma 3, but using the current-
period profit functions

Wiw = At + At—l
o= A
775 = (1 - Mt)(At + ﬂtAt&)

one obtains

Uf(ﬂw A1, A) = (1= py) [a+ (1 —a)u] Ay +
F{atdi+Q—a)d—p)—(1—a)d[l —r(l—p)] o+ sl —a)l — )]+
—ad [1 = r(1 = py) — €l o+ £(1 = a)(1 = pe) = (1 — )] } Ay
+ terms that depend only on i,

From this expression, follows immediately.

The equilibrium value functions v and V;’ can be calculated by the method of
undetermined coefficients, as in the proof of Lemma 3. They are now polynomials of
degree 4 in f,; the solution can be found in the mathematical appendix. W

Proof of Proposition 5. See the mathematical appendix. B
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