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Abstract

This paper provides a theory of strategic innovation project choice by incumbents
and start-ups. We apply this theory to identify the effects of prohibiting start-up
acquisitions. We differentiate between killer acquisitions (when the incumbent does
not commercialize the acquired start-up’s technology) and acquisitions with commer-
cialization. A restrictive acquisition policy reduces the variety of research approaches
pursued by the firms and thereby the probability of discovering innovations. Further-
more, it leads to strategic duplication of the entrant’s innovation by the incumbent.
These negative innovation effects of restrictive acquisition policy have to be weighed
against the pro-competitive effects of preserving potential competition.

Keywords: innovation, acquisitions, mergers, competition, start-ups.

JEL: 031, L41, G34

*Letina: Department of Economics, University of Bern and CEPR. Schmutzler: Department of Eco-
nomics, University of Zurich and CEPR. Seibel: Department of Economics, University of Zurich. Email:
igor.letina@vwi.unibe.ch, armin.schmutzler@econ.uzh.ch, and regina.seibel@econ.uzh.ch. We are grateful
for useful comments and suggestions to Philipp Brunner, Joao Montez, José L. Moraga and seminar par-
ticipants at Carlos III Madrid, Higher School of Economics, New Economic School and Universities of
Groningen, Hamburg, Lausanne and St. Gallen.



1 Introduction

In the last few decades, merger policy in Europe and the U.S. has focused mostly on hor-
izontal and, to a lesser extent, on vertical mergers. Even horizontal mergers rarely trigger
interventions unless they are expected to involve substantial additions of market shares of
incumbents. Recently, many competition policy practitioners and academics have argued
that this approach to merger control may be flawed. Reflecting the growing importance of
the digital economy, there is an increasing concern that even mergers between firms that
are not currently competing in the same market might be problematic because they elimi-
nate potential competition.! Such worries even arise when “the target firm has no explicit
or immediate plans to challenge the incumbent firm on its home turf, but is one of several
firms that is best placed to do so in the next several years” (Shapiro, 2018). However, the
issue becomes more pressing when there are strong signs that potential entry could mate-
rialize in the short term and that the main rationale for the merger is to avoid such entry.
It is well-known that incumbent firms in the digital economy and other sectors, including
for instance the pharmaceutical industry, systematically buy up innovative start-ups. For
instance, Alphabet, Amazon, Apple, Facebook and Microsoft acquired start-ups worth a
total of 31.6 billion USD in 2017. Google acquired about one firm per month between 2001
and 2018 (Bourreau and de Streel, 2019).2 There are several conceivable motives for such
behavior. For instance, the acquiring firms may be better at commercializing the ideas of
the start-ups, so that an acquisition may be efficient. Recent evidence suggests, however,
that anti-competitive motives may also be important. The work of Cunningham, Ederer
and Ma (2019) for the pharmaceutical industry is a particularly compelling case in point.
The authors argue that incumbent firms often engage in so-called killer acquisitions by
purchasing start-ups with the sole purpose of eliminating potential competition without
intending to commercialize the entrant’s innovation.®> Even when incumbents do commer-
cialize the innovation, there are concerns that this can widen the technological lead of a
dominant incumbent, making entry ever harder (e.g. Bryan and Hovenkamp, 2019).

Such considerations suggest rethinking what arguably is standard practice in most ju-
risdictions, namely to wave through acquisitions of small innovative start-ups by incumbent
firms. Nevertheless, there are several open issues. First, the current debate is not very
clear about whether acquisitions with or without commercialization are more problematic;
as suggested above, different authors emphasize different problems. Second, as several ob-
servers have pointed out, even pure killer acquisitions may not only have negative welfare
effects.* Whether the acquirer commercializes the entrant’s product or not, the prospect
of selling the shop to the incumbent should have positive effects on the entrant’s incen-
tive to engage in innovation in the first place. Indeed, going back at least to Rasmussen

LThis concern is reflected in policy reports such as Crémer, de Montjoye and Schweitzer (2019) for the
European Commission, the Furman Report in the UK or the Final Report of the Stigler Committee on
the Digital Economy, available on https://research.chicagobooth.edu/stigler/media/news/committee-on-
digital-platforms-final-report; see also Salop (2016), Salop and Shapiro (2017), Hovenkamp and Shapiro
(2017), Bryan and Hovenkamp (2020).

2Examples include Facebook’s takeovers of WhatsApp, Instagram and Oculus CR, Google’s acquisition
of DoubleClick, Waze and YouTube, and Microsoft’s purchases of GitHub and LinkedIn.

3The use of the “killer” metaphor in the literature is not uniform. For instance, by contrast with
Cunningham et al. (2019), other authors apply the expression “kill zone” to start-up activities that are
so close to those of dominant incumbents that they may trigger acquisitions, without implying that the
incumbent would not commercialize the start-up’s technologies.

4See for instance Bourreau and de Streel (2019) and Crémer et al. (2019) and the Furman Report.



(1988), several academic papers have made this point in formal models (see the discussion
in Section 2). Third, the literature says very little on the effects of merger policy on the
incumbent’s innovation incentives. All told, it is not clear under which circumstances pos-
itive innovation effects will exist and when they will dominate the adverse effects on static
competition.

Against this background, our paper analyzes the innovation effects of start-up acquisi-
tions, incorporating cases with and without commercialization. To this end, we provide a
theory of the strategic choice of innovation projects by incumbents and start-ups. Contrary
to most models in the literature, which only analyze how much resources firms invest in
innovation, we allow firms to choose in which innovation projects to invest as well as how
much to invest in those projects. Ex ante, projects only differ with respect to investment
costs; ex post, only one of them will lead to an innovation. In our setting, firms strategi-
cally select their research projects, taking into account the competitor’s choice. To see why
project choice matters, consider an incumbent who wants to stifle competition. Acquiring
an innovative entrant is one way to achieve this goal, but alternatively the incumbent can
engage in own innovation activities, deliberately investing into the same projects that the
entrant also invests in. This can help to preempt successful innovations that would allow
the entrant to compete. Contrary to innovations that expand the technological frontier or
entrant innovations that enhance competition, innovations by the incumbent into projects
that the entrant is also investing in turn out to be socially undesirable: They create addi-
tional costs and soften competition, without generating any countervailing benefit. With
these considerations in mind, our framework allows firms to choose how much to invest
in each conceivable research project. Our analysis concludes that prohibiting start-up ac-
quisitions reduces the variety of innovation projects and, on a closely related note, the
probability of innovation. This is true in spite of countervailing effects that prohibiting
acquisitions has on entrants and incumbents. Moreover, we show that prohibiting killer ac-
quisitions encourages socially useless investments by the incumbent which duplicate those
of the entrant.

In our model, an incumbent monopolist possesses a technology that allows her to op-
erate in a product market without incurring any further innovation cost. By contrast, an
entrant has to innovate in order to compete. If the entrant successfully innovates, this can
either result in a drastic or a non-drastic innovation. If commercialized, a drastic inno-
vation would turn the entrant into a monopolist (with higher profits than the incumbent
previously obtained), whereas the non-drastic innovation would merely allow the entrant
to compete with the incumbent. The incumbent can also engage in innovation activities.
A drastic innovation allows her to increase her monopoly profits, whereas a non-drastic
innovation serves a preemptive purpose by preventing the entrant from becoming a viable
competitor. Once the innovation outcomes become common knowledge, the incumbent
can offer to acquire the entrant. We assume that an acquisition takes place if and only
if it increases joint profits, where the trading surplus is split according to exogenously
given shares reflecting bargaining power.® The firm possessing the innovation technology
will then decide whether to commercialize it at some fixed cost or not. We will allow for
both possibilities, killer acquisitions in the narrow sense (without commercialization of the
entrant’s technology) and acquisitions with commercialization of the new technology.

We first describe the equilibrium structure in a laissez-faire regime where acquisitions

®This assumption is in line with several related papers, e.g., Phillips and Zhdanov (2013), Cabral
(2018) and Kamepalli, Rajan and Zingales (2019).



are allowed but where the incumbent does not want to commercialize the technology after
the acquisition (i.e., the killer acquisitions case). Though multiple equilibria may arise,
they display some important common features. In any equilibrium of the game, both
firms invest the maximal amount in all projects that are relatively cheap, and neither firm
invests at all in the most expensive projects. Moreover, in all equilibria, there exists an
interval of projects in which only the entrant invests, and these are the most expensive
projects either firm invests in. This will be crucial for our main result because it implies
that it is the entrant whose incentives determine the variety of innovation projects. We
also show how the variety of innovation projects depends on characteristics of the market
environment: It is increasing in the entrant’s bargaining power and the probability that
a successful innovation is drastic, and it can either increase or decrease in the intensity of
potential competition.

Our main result compares the equilibrium structure under laissez-faire with the one
that emerges when killer acquisitions are not allowed. There are two main differences
between the two cases. First, the variety of research projects which are developed is
higher in any equilibrium with acquisitions than in any equilibrium without acquisitions.
This observation reflects the entrant’s enhanced incentives to invest in costly projects
when a sale to the incumbent is a possible option. As a result of the increase in the variety
of projects invested in, the probability of innovation is also larger under a laissez-faire
policy. Second, when start-up acquisitions are allowed, the incumbent has less incentives
for socially wasteful investments in projects that the entrant also invests in. Rather than
engaging in such activities, the incumbent can acquire the entrant if this serves to reduce
competition. These clear results show the importance of taking into account that firms
have different types of research projects to invest in: Prohibiting acquisitions does not
have a clear-cut negative effect on overall innovation efforts. While it indeed reduces
the entrant’s incentives to invest in socially useful projects, it increases the incumbent’s
incentives to duplicate the entrant’s investment. All told, therefore, the prohibition of killer
acquisitions tends to affect investments in an undesirable way, leading to a lower probability
of innovation, without necessarily reducing overall research expenses. Thus, in spite of
the heterogeneous policy adjustments of the two firms, from a welfare perspective, the
innovation effect of prohibiting killer acquisitions is unambiguously negative in our setting.
Summing up, our analysis thus suggests that the familiar anti-competitive concerns about
start-up acquisitions need to be balanced against the positive effects on innovation.

Importantly, our framework can also be applied in the case when the non-drastic in-
novation is large enough that the incumbent would want to commercialize it after an
acquisition. It turns out that the insights are robust. In particular, the negative effects
of start-up acquisitions on static competition often remain present even if the incumbent
commercializes the innovation. For some parameter values, however, the innovation effect
disappears (but it is never reversed).

Going beyond our model, it even seems conceivable that acquisitions with commercial-
ization may be more problematic than those without. For instance, when incumbents buy
up small start-ups with the goal of using these firms’ knowledge (rather than merely killing
the potential entrant), they can combine this knowledge with their own knowledge to ex-
pand their technological lead. This is likely to restrict potential competition in the long
term by reducing incentives for innovation.® This suggests that, paradoxically, acquisitions
with commercialization might be a larger problem than killer acquisitions.

6This argument is reminiscent of some discussions in Cabral (2018).
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Section 2 reviews the literature. Section 3 introduces the assumptions and analyzes
the acquisition, commercialisation and product market stages. Section 4 characterizes the
innovation behavior when the value of non-drastic innovations is so low that the incumbent
will not commercialize them; Section 5 deals with the complementary case with commer-
cialization. Section 6 provides a discussion. Section 7 concludes. All proofs are in the
appendix.

2 Relation to the literature

Cunningham et al. (2019) not only provide empirical evidence for the existence of killer
acquisitions, but also develop a theoretical model to explain the rationale behind discon-
tinuing development. However, their model does not analyze innovation decisions, which is
the focus of our paper. Our analysis links two research areas. One area asks how mergers
between incumbents affect their innovation and those of competitors. A second area deals
with the effects of anticipated acquisitions of start-ups on innovation and entry. We now
discuss how our paper relates to these areas.

Federico, Langus and Valletti (2017, 2018) argue that the incumbents’ innovation ef-
fort decreases after a merger in a symmetric oligopoly market.” In a model where firms
simultaneously choose prices and investment levels, Motta and Tarantino (2018) show that
mergers lead to higher prices and lower R&D investment. Bourreau, Jullien and Lefouili
(2018) disentangle different effects of horizontal mergers on innovation incentives, arguing
that the overall effect will depend on whether the innovation involves quality improvements
or horizontal differentiation.® All these papers consider only the choice of one-dimensional
innovation effort. By contrast, Letina (2016) allows (ex-ante symmetric) incumbent firms
to invest in a continuum of research projects instead of choosing a uni-dimensional inno-
vation effort. He shows that a merger reduces research duplication, but also lowers R&D
diversity, which translates into a lower probability of a successful innovation in the market.
In Gilbert (2019), the firms can also invest in multiple research projects but the projects
have i.i.d. probability of success. He finds that mergers often decrease R&D diversity.
In another model with multiple research projects, Moraga-Gonzalez, Motchenkova and
Nevrekar (2019) show that mergers can potentially increase welfare by alleviating biases
in the direction of innovation, in particular, when perfect price discrimination is possible.”
While maintaining the emphasis on different research approaches, we address a funda-
mentally different question, namely how the possibility of acquiring entrants affects the
innovations of incumbents and entrants.

This last feature links the paper to the literature that investigates the anticipated effects
of the possibility of acquiring small firms or at least buying access to their technological

“In an otherwise similar setting with different assumptions on the innovation technology, Denicolo and
Polo (2018) obtain the opposite result.

8A related literature investigates the effects of the number of firms on innovation, see. e.g. Yi
(1999), Norbéck and Persson (2012) and Marshall and Parra (2019). More broadly related, many papers
discuss the relation between other measures of competitive intensity and innovation; see Vives (2008) and
Schmutzler (2013) for unifying approaches.

9More broadly related are Bryan and Lemus (2017) who study the direction of innovation, Letina and
Schmutzler (2019) who consider research variety in innovation contests, and Bavly, Heller and Schreiber
(2020) who introduce asymmetric beliefs about the success of different projects.

10Moreover, in the current paper, we allow firms to partially invest in each project.



knowledge. The contributions in this literature can be classified according to whether they
identify positive, ambiguous or negative effects of allowing acquisitions on innovation.

The first strand of literature goes back to Rasmussen (1988) who identified an incentive
to enter a market just to get bought by the current incumbent, suggesting that a more
lenient merger policy can increase overall welfare by incentivizing entry.!’ Phillips and
Zhdanov (2013) consider a setting where large firms can sell their own product and the
target’s product after the acquisition. Contrary to our model, a laissez-faire policy not
only fosters the entrant’s innovation activity, but also the incumbent’s innovation activ-
ity.!> The paper also finds empirical evidence for positive innovation effects. All these
papers emphasize desirable effects of a laissez-faire policy on innovation. In this sense,
they are similar to our analysis. However, the papers do not shed light on the strategic
choices of innovation projects and on the distinction between acquisitions with and with-
out commercialization. We show that even for pure killer acquisitions, the effect of an
anticipated acquisitions on innovation is positive.

The second strand of literature contains Bryan and Hovenkamp (2020). Contrary to
our paper and those cited above, these authors consider the innovation decisions of start-
ups who produce inputs for competing incumbents, without contemplating entry into this
competition. While they also find that a laissez-faire policy fosters the level of innovation,
they identify distortions in the direction of innovation coming from catering to the needs
of the dominant firm in the market rather than the laggard. More broadly related, Cabral
(2018) studies a setting where asymmetric competitors can pay to acquire each others’
knowledge (a mere technology transfer rather than an acquisition). He concludes that
allowing for technological transfer increases the innovation rate for incremental innovation,
but decreases it for radical innovation.'> Though the setting is quite different from ours,
Cabral (2018) shares with us the distinction between different types of innovation.

Finally, Kamepalli et al. (2019) strongly argue that a laissez-faire policy has negative
effects on the innovation activities of start-ups. Their analysis focuses on platform mar-
kets with network externalities. Their central argument is that “techies” (potential early
adopters of a new technology) are more willing to bear the switching costs required to un-
derstand the start-up’s product if they expect this firm to be in the market for long (rather
than be acquired). Thus a no-acquisition policy attracts more of these early adopters,
which in turn attracts “normal consumers” who benefit from network externalities.

To sum up, our paper is the first to investigate how the policy towards start-up ac-
quisitions affects the innovation portfolios of incumbents and entrants. Contrary to the
literature, we focus on differential effects on incumbents and entrants, respectively. This
way, we show that prohibiting start-up acquisitions has unambiguously negative effects
on the variety of approaches and the probability of innovation. This conclusion does not
depend substantially on whether the innovation of the entrant is commercialized or not.

HFor similar reasoning, see Mason and Weeds (2013).

12The difference reflects the additional value from applying an innovation to the target’s product as
well as the own product.

13Motivated by cases from the digital economy (e.g. AMD)/Intel), the paper distinguishes between
technological leadership and market leadership, where the latter, roughly speaking, corresponds to a firm’s
ability to monetize a given technology. Through incremental innovations, a laggard becomes a technology
leader, but not a market leader; through radical innovations a firm also becomes a market leader.

6



3 The model

In this section, we first introduce our assumptions and some notation. We then present a
simple, but important auxiliary result on the acquisition behavior of the incumbent.

3.1 Assumptions and Notation

We will consider two variants of a multi-stage game, corresponding to a laissez-faire policy
(A) which tolerates acquisitions and a no-acquisition policy (N), respectively. We will
first describe the game resulting from the laissez-faire policy, then we turn to the no-
acquisitions policy. We capture the laissez-faire policy in a four-stage game between two
firms, an entrant (j = e) and an incumbent (j = ). The entrant does not possess a
technology that would enable him to compete in the market, but he can invest in R&D.
The incumbent owns a technology with which she can sell products. In addition, she can
invest in R&D as well.

In the first stage of the game, the innovation stage, the firms choose in which research
projects to invest, and for each project, with which intensity to develop it. We assume there
is a continuum of projects (approaches to innovation) #, normalized to © = [0,1). Only
one project, 0 c O, will lead to an innovation. All other projects lead to a dead end and
produce no valuable output. We assume that each project is equally likely to be successful.
Firms can vary the effort intensity on each project. We capture this by assuming that,
for any 6 € [0,1), each firm chooses a research intensity r;(6) € [0, 1]. If 6 is the project
leading to innovation, then r(é) is the probability that firm j will develop the innovation.
We restrict the firms’ choices to the set of measurable functions = : [0,1) — [0, 1], which
we denote with R.

The cost of investing with intensity r; in project € is given as r;(6)C(6), where the
cost function C : [0,1) — R, is continuous, differentiable, strictly increasing and convex.
Moreover, we assume that limg_,; C'(6) = oo and that C'(0) is low enough that there is some
investment in any equilibrium. The total investment cost of firm j is thus fol r;(6)C(0)do.

A successful research project 6 can lead to two levels of innovation. With probability p,
the successful project results in a high technological state (H), corresponding to a drastic
innovation over the technology currently held by the incumbent. With probability 1 — p,
the successful project results in a low technological state (L). L corresponds to a non-
drastic innovation, which would allow the entrant to compete with the incumbent and
obtain positive profits from the product market. Note that L could be either superior or
inferior to the technology initially held by the incumbent. If a single firm develops the
innovation, it receives a patent on that technology. If both firms develop the innovation,
they each receive the patent with probability 1/2. We assume that only the firm holding
the patent can use the new technology. Once the successful project has been realized, both
firms learn which technology level the project delivers. Thus, after the patent has been
allocated, the firms have interim technology states t! € {¢,L, H} and t! € {0, L, H}, where
state ¢ corresponds to the situation where the incumbent holds her initial technology.

In the second stage, the acquisition stage, the incumbent can acquire the entrant by
paying the profits that the latter could achieve by competing on the market plus a share
of the (bargaining) surplus 5 € (0,1). We will assume that the acquisition is successful if
and only if the bargaining surplus is strictly positive. If the entrant is acquired, then any



patents held by the entrant are transferred to the incumbent.!4

In the third stage, the commercialization stage, the patent holder can bring the new
technology to the market at some commercialization cost £ > 0.!5 We denote the technol-
ogy states resulting after the acquisition and commercialization stages as final technology
states tF € {¢,L,H} and tI' € {0, L, H}.

Finally, in the product market stage, the firms collect product market profits. Denote
the profit of firm j € {4, e} as a function of technology states as 7;(t;,t)) for j # k.1® We
make the following assumptions regarding the functions m;(¢;, ).

Assumption 1.

(1) The profit function is symmetric in its arguments, so that we can write 7(t;,ty) =
mj(tj, t) for j € (i,e).

(1) Without an innovation, the entrant cannot compete. Thus, w(0,t;) = 0 for t; €

(¢,L, H).

(11i) Technology H corresponds to a drastic innovation, so that the respective owner
gets the monopoly profit m(H) = n(H,¢) = w(H,0) > max{n(L,0),7(¢,0)} and
w(¢,H) =0.

(iv) Competition decreases total profits, that is, max{w(L,0),m(¢,0)} > w(¢, L)+ (L, ?).

First, (i) captures the notion that, for each firm, its own state and its competitor’s state
determine profits in the same way. Next, (ii), reflects the basic asymmetry that (contrary
to the incumbent) the entrant needs an innovation to compete. Further, (iii), we suppose
that a firm that has access to the drastic innovation earns the monopoly profit. The
other firm has zero profits. Finally, (iv) assumes that competition reduces total profits,
that is, that the two firms could achieve higher profits by coordinating (and using the
superior technology) than by competing. Note that, for the incumbent, technology L is
not necessarily an improvement over the status-quo technology ¢: mw(L,0) > n(¢,0) and
7(L,0) < 7(¢,0) are both possible.

Assumption 2. Commercialization costs satisfy

Given this assumption, the entrant commercializes a successful innovation, no matter
whether it is of an L or H-type. The incumbent commercializes the drastic innovation.
For the non-drastic innovation, we will allow for the possibility that the incumbent wants
to commercialize it, as well as the possibility that she does not want to do so.

We denote the firms’ values after the interim technology states t! and t! have been
realized as v;(t!,t!) and v.(t!,t]), respectively. These values not only depend on the

17 7e e’

14\We could allow for the possibility that the entrant can attempt to acquire the incumbent. That would
not affect our results, and is unlikely to be a realistic option in the situations we are modeling.

5Tmplicit is the assumption that the commercialization of drastic and non-drastic innovations is equally
costly. None of our main insights depends on this assumption.

16Tt may be helpful to think of technology states as real numbers corresponding to product quality or
(inverse) cost level.



policy regime (laissez-faire or regulation), but also on the parameters (p, 3, k), the cost
function C(#) and the nature of competition and the innovation size as reflected in the
profits m;(t!, L) and m.(t!,t]). When either firm has technology state H, the values are
independent of the competitor state; thus, we simply write v;(H) and v.(H ). The expected
profit of the incumbent who chooses an investment function r;(6) when facing an entrant

who chooses 7(6) is
EIL;(rs,7re) = — /01 ri(0)C(0)do + /01 ri(0)(1 —1r.(0)) [pvi(H) + (1 — p)v;(L,0)] dO
- (1= r@)re6) (1 pur(t, 1)) d0 + / (1= ()1 = ru(6))ui(t, 018
+ /0 () (0) [p <%vi(H)> +(1-p) (%Ui(L, 0) + %vi(ﬁ, L)ﬂ o).

The first integral captures the innovation costs that the incumbent incurs by using the
innovation strategy r;. The second integral represents the incumbent’s expected profits
when he successfully innovates and the entrant does not. The third integral captures his
expected profits in the opposite case, when he is not successful but the entrant is. The
fourth integral represents expected profits when neither firm innovates, and the fifth is for
the case when both firms successfully innovate.

The expected profit of the entrant is given analogously as

EIl.(re, 1) = — /0 re(0)C(0)dd + /0 re(0)(1 —1:(0)) [pre(H) + (1 — p)ve(L, £)] dO

1
1 —
- / re(0)r:(0) {gve(H) +—* ve(L,E)] do.
0
We are interested in characterizing all subgame-perfect equilibria of the game. This
amounts to finding all functions r;, 7. € R such that for any 7}, 7, € R

EIL (s, 7.) > BIL(r:, re)
El.(re, ;) > EL (7, 7;).

Obviously, for any (r;,7.) which constitute an equilibrium, any pair of functions (7;,7.)
which only differ from (7, 7.) on a set of measure zero, also constitutes an equilibrium. We
omit the necessary “almost everywhere” qualifications from the statements of our formal
results for ease of exposition.

For the characterization of the equilibrium investment behavior, the critical projects
01,626} 62, defined as the solutions to the equations below, will play a crucial role. Essen-
tially, they correspond to projects for which, depending on the investment behavior of the
competitor, a firm’s benefits from investing in the project equal the costs. These critical

projects are given by:

C(0) = pve(H) + (1 = p)ve(L, ()

C@2) = 5 (pue(H) + (1~ pue(L, 1)
C(B!) = () + (1= p)ulL,0) ~ i (£,0)
2y _ P 1 1
0162 = Boti) + (1= p) (0 (L0 + D)) — (1= Pt L),



Thus, le- (j = i,e) is defined by the requirement that the cost of this project equals the
expected value increase to the firm if it invests in a successful project when the other firm
does not invest in this project; (9]2. is defined by the requirement that the cost of this project
equals the expected value increase to the firm if it invests in a successful project when the
other firm invests as well.

To sum up, the incumbent and the entrant play a dynamic game of complete informa-
tion. Under a laissez-faire policy (A), the game has four stages, namely (i) the investment
stage, (ii) the acquisition stage, (iii) the commercialization stage and (iv) the market
competition stage. The timeline of the model is summarized below.

1. Investment stage: The firms simultaneously invest in research projects. If only one
firm is successful, it receives the patent on the underlying technology. If both firms
are successful, the patent is allocated randomly with equal probability. If neither
firm is successful, neither firm receives the patent. Interim technology states t! and
t! are realized.

2. Acquisition stage: If the entrant holds the patent, the firms negotiate an acqui-
sition. The acquisition is successful if and only if it strictly increases total profits.
If there is an acquisition, the incumbent pays the entrant (¢!, ¢/) — k, the profits

which the entrant could obtain on the market less the commercialization costs, plus
a share ( of the bargaining surplus.

3. Commercialization stage: The firm holding the patent (if any) decides whether
to commercialize the technology, thereby incurring costs . At the end of the com-
mercialization stage, the firms’ final technology states ¢/ and I are realized.

4. Market stage: Firms receive profits, given by W(tf ,tI'). Total payoffs are real-
ized by subtracting potential development and commercialization costs and adding/
subtracting potential acquisition payments.

A no-acquisition policy (N) prevents the incumbent from taking over the entrant, cor-
responding to a three-stage version of the game (without the acquisition stage).

3.2 The Acquisition Subgame

We first summarize the result of the acquisition subgame emerging in the laissez-faire case
after the realization of the interim technology states.

Lemma 1 (Acquisitions). The incumbent acquires the entrant if and only if the entrant
holds a patent for the L technology. After the acquisition, the incumbent commercializes
the technology if and only if m(L,0) — w(¢,0) > k.

The incumbent only acquires the entrant if the latter has access to technology L,
because only then is there competition between the two firms which the acquisition can
eliminate. Whether or not the entrant kills the entrant’s technology will depend on the
value of the non-drastic innovation. If 7(L,0) — w({,0) < &k, commercialization is not
worthwhile — the only motive for the acquisition is the elimination of competition. If
7m(L,0) — w(¢,0) > k, the incumbent enjoys the benefits from eliminating competition as
well as those from an improved technology.
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4 Investments without Commercialization of Start-Up
Innovations

We now analyze the investment behavior for the case that 7(L,0) — w(¢,0) < k. We will
refer to this as the case without commercialization because, according to Lemma 1, the
incumbent will not commercialize non-drastic innovations, so that any acquisition will be
a killer acquisition. We first derive the results under the laissez-faire policy. Thereafter,
we compare them with the no-acquisition policy.

4.1 Equilibrium Investments under Laissez-Faire

To derive the equilibrium investments in the laissez-faire case, we need some preliminary
results. First, we use Lemma 1 to obtain the value functions after the realization of the
innovation.

Lemma 2 (Payoffs).

Under the laissez-faire policy, suppose the no-commercialization case applies.

(i) The entrant’s values after the realization of the innovation results are
ve(H)=7m(H) -k
V(L l) =7(L,0) — k4 B(w(£,0) — (L, 0) —w({, L) + k)
0e(0,t;) =0 fort; € {¢,L,H}.

(ii) The incumbent’s values after the realization of the innovation results are
vi(H)=n(H) -k

v;(L,0) = v;(£,0) =7 (¢,0)
UZE L) = (5 0) = ve(L, €)

vi((, H) =

The results follow from noting that the interim technological states are also the final
technological states, except for: (i) (t/,t) = (¢, L), in which case an acquisition takes place
but the incumbent does not commercialize the L-technology, so that the final state becomes
(tF,tF)y = (¢,0) and (ii) (¢,t!) = (L,0) when the incumbent discovers the L-technology
but does not commercialize it, so that the final state also becomes (t/,tf') = (¢,0). Next,
we summarize the relations between the critical projects.

Lemma 3. Under the laissez-faire policy, suppose the no-commercialization case applies.
The following relations hold for the critical projects:

(1) 67 = 0> =: 62; (ii) 6* < 0! (i) 0} < 6!

(iv) 921 < 02 if and only zfpv,( ) — 2pvl(€, 0) < (1 —p)ve(L,0).

The result shows that the critical projects must satisfy one of the following two orders.

@ 00 == 0 1
O kg g 0! 1
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Lemma 3(i) tells us that, irrespective of the entrant’s bargaining power, the projects
in which the incumbent is willing to invest if the entrant does are exactly those which the
entrant is also willing to invest in if the incumbent does. To understand why, remember
that those thresholds are formed by comparing payoffs from investing and not investing
in a project, conditional on the other firm also investing in this project. If a project in
which both firms invest delivers an H technology, both firms receive the same expected net
payoff from investing, because not investing means losing the high innovation to the rival
and receiving 0 for sure instead of obtaining the high monopoly profit with probability
1/2. If such a project delivers an L technology, the entrant trivially gains the acquisition
price times the probability that he ends up with the patent. By contrast, the incumbent
can stay the monopolist and save on the acquisition price if she receives the patent, which
happens with probability 1/2. Thus, the expected benefits of investing (conditional on the
other firm investing) are the same for entrants and incumbents. Lemma 3(ii) means that
the entrant is always willing to invest in a larger range of projects if he is the sole innovator
than if the incumbent also invests in these projects. This is intuitive, as the incumbent’s
investment reduces the entrant’s probability of receiving a patent. From Lemma 3(ii7)
we learn that, conditional on the other firm not investing, the entrant is willing to invest
in more expensive projects than the incumbent. This is due to the well-known Arrow
replacement effect: The incumbent does not increase her profits when discovering the
L innovation and the profit increase from the H innovation is lower than that of the
entrant, since without the innovation the entrant receives zero profits. Hence, the entrant’s
willingness to pay to be the sole innovator is greater than that of the incumbent. This
will be important for our main result, namely that prohibiting acquisitions has a negative
effect on innovations in equilibrium.

For the equilibrium characterization, it will be decisive whether 6! < 62 that is,
whether the condition in (iv) holds. Intuitively, when this condition is satisfied, there
will be a set of projects in which the incumbent is willing to invest only if the entrant also
invests in those projects, so that she can block the entrant.

Our next result provides a full characterization of the equilibrium R&D investments.

Proposition 1 (Equilibrium R&D investment). Suppose that the no-commercialization
case applies under a laissez-faire policy.

(a) If 0} < 62 then there exists a unique equilibrium. In this equilibrium

r.(0) =1 and ;(0) = 1, for § € [0, 6%,
re(0) =1 and r;(0) = 0, for 6 € (6% 6],
7e(0) = 0 and 7;(0) = 0, for 6 € (1,1).

(b) If0! > 0%, the equilibrium is not unique. Functionsr; andr. constitute an equilibrium
if and only if conditions (i)-(iv) hold:
(i) re(0) =1 and r;(0) = 1, for 6 € [0, 6?]
(ii) re(0) =1 and r;(0) = 0, for 6 € (6},0}],
(iii) r.(0) = 0 and r;(0) = 0, for 6 € (1,1).
(iv) for any 0 € (6%, 06}]
re(0) =1 and r;(#) =0, or

either:
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re(0) =0 and r;(0) =1, or

1 1
re(6) = Gati-can and 1i(0) = Gatoeh

We will refer to equilibria where 7.(6) € {0,1} and 7;(6) € {0,1} V8 € [0,1) as simple
equilibria for the remainder of this paper. It is immediate from the proposition that
for any choice of parameters, a simple equilibrium always exists. The structure of the
equilibrium is straightforward (see Figure 1). In case (a), both firms invest fully (that
is, with r = 1) in all projects in the interval [0, #?], while only the entrant invests in the
projects in the interval (62, 6!]. Neither firm invests in projects in the interval (6!,1). The
simple equilibrium also exists in case (b). However, in case (b) there are other equilibria
as well. The multiplicity results from the fact that in any project in the interval [%,6})
each firm only wants to invest if the other one does not. As a result, in any equilibrium
either only one of the firms invests fully into the project whereas the other one does not
invest at all, or both firms invest with probability between 0 and 1.

Figure 1: Equilibrium portfolio of entrant and incumbent for case (a) of Proposition 1
(left) and case (b) of Proposition 1 (right).
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Note: We consider Bertrand competition with homogeneous goods and cost-reducing innovation. A more
detailed description of the example can be found in Online Appendix B.2.

We now develop an intuition for when each case occurs, which is related to the condition
in Lemma 3(7v). In the specification we use for Figure 1, it turns out that the bargaining
power [ of the entrant plays a particularly clear role in determining which of the two cases
specified in Proposition 1 arises. On the one hand, if the entrant’s bargaining power is
high (8 = 1), he can gain a lot from innovating and being acquired by the incumbent,
while the incumbent has a relatively large incentive to block the entrant. Case (a) occurs
and the equilibrium is of the form depicted in the left plot of Figure 1. On the other hand,
if the entrant’s bargaining power is low, the incumbent’s incentive to block the entrant
is relatively low and the entrant has little to gain from innovating, which is depicted
in the right plot, representing a non-simple equilibrium in case (b). Another important
parameter is the probability of a high innovation. Case (a) occurs when p is low, so that the
probability of the non-drastic innovation is high. Thus, it is important for the incumbent
to curtail competition by blocking the entrant from obtaining a patent. When p is high,
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the blocking incentive is relatively less important for the incumbent; instead, the hope of
obtaining the drastic innovation looms large.

To understand the role of Proposition 1, note that there always exists a set of ideas in
which only the entrant invests. Of all developed research ideas, these are the most costly
to develop. Furthermore, even if the entrant decided not to invest in these ideas, the
incumbent would not replace the entrant’s investments. These features will be crucial for
our main result — which is that the variety of research ideas developed and the probability of
discovering an innovation decrease if acquisitions are prohibited. Decreasing the incentives
for the entrant to invest in innovation will cause the entrant to reduce investment in ezactly
the projects which cost the most and which only the entrant would develop. Thus, in
contrast to a reduction of the incumbent’s incentive to invest, a reduction in the entrant’s
incentives to invest will cause less variety in developed research ideas and lower probability
that the innovation will be developed.

4.2 Comparative statics

Since the equilibrium is characterized by a pair of functions, a change in parameters could,
in principle, lead to changes in equilibrium behavior which are difficult to compare. As we
will see, a useful way to summarize the equilibrium is to consider the variety of research
projects that firms are pursuing in equilibrium, and the probability that the innovation
will be discovered by either firm. Formally, given any two research strategies of the firms
r; and r, we define the variety of research projects pursued as

V(ri,re) = /01 1(r;(0) + re(0) > 0)d6.

Thus, the variety of research projects pursued captures the size of the set of research
projects that at least one of the firms develops with positive probability. The probability
that an innovation will be discovered is given by

Plrvr) = 1= [ (1= (@)1 = r(@))as.

The following result follows immediately from Proposition 1.

Corollary 1. Consider the laissez-faire regime of the no-commercialization case. If (r;,7.)
is an equilibrium, then V(r;,r.) = 0L, If (r;,r.) is a simple equilibrium, then P(r;,r.) = 0.

This result again highlights the importance of the observation that it will be the en-
trant who decides to invest in the most expensive research projects being developed: To
understand how a marginal change in the parameters affects the equilibrium variety of
research projects or the probability that the innovation will be developed, it is sufficient
to understand how the incentives of the entrant are affected.

Proposition 2 (Comparative statics). Consider any equilibrium (r;,r.) under a laissez-
faire policy in the no-commercialization case. Then, the variety V(r;,r.) is increasing (i)
in the probability of an H-innovation (p) and (ii) in the bargaining power of the entrant
(B); it is (i) increasing in the entrant’s profits w(L, L), but decreasing in the incumbent’s
profits w(¢, L) under competition.
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Results (i) and (ii) are intuitive, as both an increase in p and in 5 make the innovation
more valuable to the entrant. However, this intuition and the unambiguous result depend
crucially on the fact that it is the marginal effect on the entrant that determines the
equilibrium variety of research projects. According to (iii), the profits of the two firms
when the entrant successfully enters the market with an L technology affect variety in
opposite directions. Again, the intuition can be obtained by considering the entrant’s
incentives. Even if the entrant is always acquired and thus competition will never realize,
his competition profit increases his outside option, but decreases the acquisition surplus.
Since he only receives a share [ of the acquisitions surplus, the former effect dominates
for his innovation incentives, and thereby for project variety. By a similar logic, the
competition profit of the incumbent decreases acquisition surplus. However, the entrant’s
outside option is not affected. Concluding, project variety decreases when the incumbent
gains a larger profit under competition.

Note that, in any simple equilibrium, the variety of research projects and the proba-
bility of discovering an innovation coincide. Therefore, if we restrict attention to simple
equilibria, then the comparative statics with respect to the probability that an innovation
will be discovered are the same as in Proposition 2.

4.3 Investments under the No-Acquisition Policy

The behavior of firms in the commercialization and market stages remain unchanged when
acquisitions are prohibited. By Lemma 1, the policy affects the game only when the entrant
has a non-drastic innovation, that is, (t/,¢f) = (¢, L), in which case interim technology
states t]I- now correspond to final technology states tf for j € {i,e}. Thus, the values
of incumbent and entrant under the no-acquisition policy are given by the expressions in

Lemma 2, except that v;(¢, L) = w(¢, L) and v.(L,¢) = n(L,¢) — k.

Lemma 4. Consider the case without commercialization under the no-acquisitions policy.
The following relations hold: (i) 0% < 6% (i1) 62 < 6!, (iii) 0} < 6.

In contrast to the laissez-faire case, the set of projects in which the incumbent and
entrant are willing to invest simultaneously does not coincide, so that 62 # 6?. The entrant
now has a smaller incentive to invest in projects that the incumbent invests in than vice
versa. The reason for this gap is that a successful L-innovation results in an increase in
profits for the entrant that is smaller than the corresponding decrease in profits for the
incumbent. This follows directly from Assumption 1 (iv), which states the positive profit
effects of eliminating competition. Relation (i7) and (i77) have an equivalent interpretation
as relations (i¢) and (44¢) in Lemma 3. Note that, as before, the relationship between 6}
and 67 is not clear. If #2 > 6}, then the incumbent would want to invest in projects in
the interval (6;,60?) only if the entrant is also investing into those projects. Again, the
incumbent would not invest were it not to block the entrant.

Based on Lemma 4, we can characterize the equilibrium structure under the no-
acquisition policy. Proposition 8 in Appendix A.4 provides a full characterization. Lemma
4 shows that there are three cases to consider, depending on the position of 6] relative
to the other critical values. Importantly, however, the equilibria share several common
features. First, for any project below 6!, at least one firm exerts positive effort. Thus,
as in the laissez-faire case, 6! determines the variety of approaches: The entrant always
invests in the most expensive project pursued by any firm and, even if the incumbent also

15



invests in this project, the entrant always exerts more investment effort. Second, no firm
exerts any effort above #!. Tt might happen that the incumbent’s blocking incentive is
so strong that 6? > #!. However, since the entrant does not want to invest in projects
more expensive than 6! irrespective of the investment behavior of the incumbent, there is
nothing to block for the incumbent. Thus, neither firm invests in projects 6 € (61, 1).

4.4 Policy Effects

We now analyze the effects of the no-acquisition policy. We first show that this policy
negatively affects the variety of pursued research projects as well as the probability that
an innovation will be discovered.

Proposition 3 (The effect of preventing acquisitions). Consider the no commercialization
case for fixed parameter values.

(a) In any equilibrium under the no-acquisition policy, the variety of research projects is
strictly smaller than in any equilibrium under the laissez-faire policy.

(b) In any equilibrium under the no-acquisition policy, the probability of a successful
innovation is strictly smaller than in any simple equilibrium under the laissez-faire
policy.

Denote the critical values 6! under the laissez-faire and no-acquisition policies as 6. (A)
and 0!(N), respectively. To obtain an intuition for Proposition 3, recall that, under the
laissez-faire policy, by Proposition 1 only the entrant invests in approaches close to 6!(A),
and this critical value determines the equilibrium project variety. Preventing acquisitions
reduces the entrant’s expected payoff from investing in innovation, since he cannot sell the
firm when it would be profitable to do so. This causes the entrant to stop investing in
projects in the set (61(N),01(A)). At the same time, the incumbent’s incentives to invest
in projects in which the entrant does not invest are the same with or without acquisitions.
The reason is simple: If the entrant does not invest in the successful project, he will not
innovate and there will be no incentive to acquire him. Hence, when acquisitions are not
possible, no firm will invest in the interval (§1(N),81(A)), which corresponds to a decrease
in project variety as stated in part (a) of Proposition 3. In any simple equilibrium under
the laissez-faire policy, we know that P(r;(A),r.(A)) = 61(A). Since in any non-simple
equilibrium under the no-acquisition policy P(r;(N),7.(N)) < 61(N), part (b) immediately
follows.

Finally, as an input into our subsequent welfare analysis, we consider the determinants
of the size of the innovation-reducing effect of restricting acquisitions. We use the notation
Ay =V(ri(A),1.(A)) = V(ri(N),r.(N)) to capture the size of the policy effect on variety.

Proposition 4. Consider any equilibrium under a laissez-faire policy (r;(A),r.(A)) and
any equilibrium under the no-acquisition policy (r;(N),r.(N)). Then the size of the policy
effect Ay is (i) decreasing in p, (ii) increasing in 5 and (iii) decreasing in both firms’
profits under competition, w(¢, L) and w(L,?).

To understand the result, recall that, in the case without commercialization, in both
policy regimes, the variety of research projects is determined by the most expensive project
the entrant is willing to invest in. Thus, the policy effect on the difference of these critical
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Figure 2: Change in project variety moving from a laissez-faire equilibrium to a no-
acquisition equilibrium
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projects, 61(A) — 6L(N), will pin down the change in variety. If the share p of drastic
innovations increases, the variety of projects will increase in both policy regimes because
it is more lucrative to innovate. However, variety will increase less under the laissez-faire
policy because the payoff from low innovation for the entrant is higher when acquisitions
are allowed and a higher p means that the probability of being acquired is lower. Part (7)
of the Proposition represents this logic. Part (ii) states that, with higher bargaining power
of the entrant, the decrease in variety resulting from a restriction on acquisitions is larger.
In fact, bargaining power only affects variety under laissez-faire, and it clearly increases
it since a higher bargaining power means that the entrant receives a higher share of the
acquisition surplus. Finally, higher profits under competition, which can be interpreted
as less intense competition, decrease the effect size of a no-acquisition policy on project
variety according to part (#i7). This reflects a subtle interplay between profit effects on
the bargaining surplus and the entrant’s outside option.'”

Beyond affecting variety and thereby the probability of innovation, policy has more
subtle impacts on the allocation of research investments. In particular, policy influences
the duplication of research projects in a non-obvious way, where duplication is measured
by the probability that both firms discover the innovation. This leads to the following
definition of duplication:

D(ri,r,) = /0 ro(0)r (6)d6.

1"Under laissez-faire, a higher competitive profit improves the entrant’s outside option (his competitive
profit), but decreases the acquisition surplus. Under the no-acquisition policy, in contrast, there is no
acquisition surplus, so that the entrant’s innovation incentives are relatively more affected by his compet-
itive profit. Thus, an increase in such profit weakens the effect on project variety. For the incumbent’s
competitive profit, remember that it merely reduces the acquisition surplus. When acquisitions are not
allowed, it does not affect the entrant’s innovation incentives. Consequently, a higher incumbent profit
decreases the effect size of a restrictive regime on variety.
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To understand the effects of policy on duplication, it is important to understand how it
affects firms’ incentives to invest into projects that the other firm also chooses, as captured
by the critical values 67 and 62.

Corollary 2. In the case without commercialization, the following statements hold:

(i) 2(N) > 6%(A) and (ii) 6°(A) > 2(N).

Intuitively, (i) prohibiting acquisitions makes it more important for the incumbent
to invest into projects that the entrant is also investing in: Without the option of an
acquisition, own investments are the only means of potentially avoiding competition when
the entrant has engaged in a project that leads to an L-innovation. Thus, conditional on
the entrant investing in a project, the incumbent gains more from investing in it under
a no-acquisition policy than under laissez-faire. As to the entrant, (ii) duplicating the
incumbent’s investments is less attractive under the no-acquisitions policy than under
laissez-faire because of the absence of prospective gains from selling the firm.

The net effects of these reactions to policy changes are complex. We summarize them in
Proposition 10 in Online Appendix B.1. If §2(N) < 6}(N), then the negative policy effect
on entrant’s incentives dominates and there is less duplication under the no-acquisition
policy. If #2(N) > 6}(N), then the negative effect will only obtain if the entrant’s bar-
gaining power [ is sufficiently high; otherwise, there will be more duplication under the
no-acquisition policy.

5 Acquisitions with commercialization

We now dispense with the assumption that 7(L,0) — 7(¢,0) < x and instead assume that
7m(L,0)—m(¢,0) > k. According to Lemma 1, the non-drastic innovation is now sufficiently
valuable that the incumbent commercializes it, both after a takeover and if she discovers
it herself. We show how the equilibrium differs from the case without commercialization,
focusing on the laissez-faire policy.

Under laissez-faire, values after the realization of the innovation results are the same as
in the case without commercialization except after a non-drastic innovation. Thus, Lemma
2 applies to the case with commercialization if we replace

0) =n(L,0) —k+ B(m(L,0) —7(¢, L) — w(L,?))
vi(6, L) =m(L,0) — k —v.(L,¢) = (1 = B)(7(L,0) — 7(L, ) + Bw(¢, L) and
0)=m

Intuitively, v.(L, £) differs from the case without commercialization because it affects both
the stand-alone value for the firm and the takeover price. Similar reasoning applies to the
incumbents values v;(¢, L) and v;(L, 0), which also account for the fact that the incumbent
now incurs the commercialization cost.

The following result summarizes the order of the critical projects.

Lemma 5. Consider the case with commercialization under the laissez-faire policy. The
following relations hold:

(i) 62 = 0% = 62;
(ii) 6% < 6!;
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(iiia) 6} € (0,0%] if (1 —p)v;(l, L) < 20;(¢,0) — pv;(H) — (1 — p)vi(L,0);
(iiib) 67 € (0%,6;] if (1 —pi(l,L) € (2v:(¢,0) — pvi(H) — (1 = p)vi(L, 0), v;(¢, 0)];
(iiic) 6; € (61,1) 4if (1 —p)vi(¢, L) > v;(¢,0).

The result suggests that, contrary to the case without commercialization, it is possible
that the critical project 6} of the incumbent lies above the critical project 6! of the entrant.
According to Lemma 5, this will be the case if (1 — p)v;(¢, L) > v;(¢,0) or, equivalently,

(1 =p) [(1 = B)(n(L,0) = x(L, £)) + fr(¢, L)] > 7(¢,0).

In words, this case occurs when p and § are small (that is, an L-innovation is likely and
the incumbent captures most of the bargaining surplus), m(L,0) is large and 7 (¢,0) is
small (so that L constitutes a significant innovation, even if it is a non-drastic one) and
when 7 (L, ¢) is small (that is, if competition is intense). These conditions imply that the
entrant has low incentives to innovate: conditional on innovating, he is likely to discover
an L-innovation (low p), which generates a low outside option (due to low 7(L,¢)) and
low acquisition price (due to low ). By contrast, the incumbent has higher incentives to
invest, because discovering the L-innovation is a desirable outcome for her (due to high
m(L,0) and small 7(¢,0)).

The possibility that the critical project 6} of the incumbent lies above the critical
project 6! of the entrant has repercussions for the equilibrium structure, which is charac-
terized in our next result.

Proposition 5 (Equilibrium R&D investment). Consider the commercialization case
under a laissez-faire policy.

(a) If 6! € (0,0%), then there exists a unique equilibrium which is identical to the case
without commercialization.

(b) If 0} € (62,0!], the equilibrium is not unique. The equilibrium structure is exactly
the same as in the case without commercialization.

(c) If 0} € (01,1), the equilibrium is not unique. Functions r; and r. constitute an
equilibrium if and only if conditions (i)-(iv) hold:
(i) re(0) =1 and r;(0) = 1, for 6 € [0, 0%
(ii) re(0) =0 and r;(0) =1, for 6 € (6,0}],
(iii) r.(6) =0 and r;(8) =0, for 6 € (6},1).
(iv) for any 6 € (62,0]] either:
re(0) =1 and r;(0) =
0) = O and 7’2( )=
) =

1y_
5 ontr0) = SERE

( =0, or
7"@( = 1, or
C

<

e 0(61 0(92)

Thus, as long as the order of the critical projects is the same as in the case without
commercialization (that is, Parts (a) and (b) of Proposition 5 apply), so is the equi-
librium structure. In particular, the variety of the projects is determined by the crit-
ical project 0! of the entrant. However, in the case with commercialization, whenever
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(1 —p)v;(¢,L) > v;(£,0) then 6} > ! so that the variety of the developed innovation
projects is determined by the incumbent’s critical project according to Proposition 5(c).
Intuitively, with commercialization, the incumbent’s incentive to innovate partly comes
from increasing her monopoly profit even when she only obtains a non-drastic innovation.
Compared to the entrant, she may therefore have higher incentives to invest when the
competitor does not.

Next, we analyze the no-acquisition policy. First, we consider the values after the
realization of the innovation results. Compared to the laissez-faire policy, only the values
for (t.,t;) = (L, () are different. In this case, v.(L,¢) = n(L,¢) — k and v;(¢, L) = n(¢, L).
We obtain the following result on the ordering of critical projects.

Lemma 6. Consider the case with commercialization under the no-acquisition policy. The
following relations hold: (i) 6? < 0%; (i) 0> < 6!.

This leads to the following result on the effects of prohibiting acquisitions.

Proposition 6 (The effect of preventing acquisitions). Consider the case with commer-
cialization for fized parameter values.

(a) In any equilibrium under the no-acquisition policy, the variety of research projects is
weakly smaller than in any equilibrium under the laissez-faire policy.

(b) In any equilibrium under the no-acquisition policy, the probability of a successful
imnovation is weakly smaller than in any simple equilibrium under laissez-faire.

(c) If 0} (A) < 6L(A), the inequalities in (a) and (b) are strict; otherwise the policy has
no effect on variety.

As in the case without commercialization, a restrictive merger policy can never have
a beneficial effect on the variety of innovation projects. However, according to case (c),
policy has no effect on variety if 6} (A) > 0! (A). Then, variety under laissez-faire is driven
by the incumbent’s critical project 6} (A) rather than by 6!(A). However, the acquisition
policy does not affect 6}, so that there is no effect on variety.

In summary, from the perspective of innovation effects, the main difference between
the cases with and without commercialization is that, in the former case, there are situ-
ations where policy has no effects on variety. With this caveat, the innovation effects are
qualitatively similar in the two cases.

6 Discussion and extensions

6.1 Consumer surplus effects

So far, our analysis suggests a positive short-term effect of a restrictive acquisition policy
on competition, but a negative effect on innovation. It would thus be desirable to know
under which circumstances the former effect is likely to dominate the latter. The above
analysis provides some understanding of the determinants of the size of the adverse ef-
fect of prohibiting acquisitions on the probability of innovation. However, this is clearly
insufficient for understanding the circumstances in which intervention is called for. On
the one hand, to understand how large the adverse innovation effect of a restrictive policy
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on welfare is, we need to know what determines the size of the effects of any reduction
in innovation probability on consumer surplus. On the other hand, to evaluate the pro-
competitive effects of a restrictive policy, we need to understand what drives the size of
the pro-competitive effect of being in a duopoly rather than in a monopoly.

To address these issues, we will focus on the special case that L = ¢, so that competition
in the case of entry would be symmetric. We denote consumer surplus as S(tf,¢I") and
assume that S(H,0) > S(L,L) > S(L,0). Thus consumers prefer both the high-state
monopoly and the (low-state) duopoly to the low-state monopoly, and they also enjoy
higher surplus in the high-state monopoly than in the low-state duopoly. While the former
statement applies much more generally, the justification of the latter statement relies on
H corresponding to a drastic innovation.'® Denote the probability that in policy regime
R both firms have final state L as prob(L, L) and the probability of a monopoly with
technology t € {L, H} as prob®(t,0).1 Then, the expected consumer surplus under the
laissez-faire policy is:

prob® (H,0) S (H,0) + prob™ (L,0) S (L, 0).
Under the no-acquisition policy, the expected consumer surplus is:
prob™ (H,0) S (H,0) 4 prob™ (L,L) S (L, L) + prob™ (L,0) S (L,0) .

These expressions illustrate the countervailing effects of prohibiting acquisitions. The
following result provides a simple description of the policy effect on welfare.

Proposition 7. Suppose L = {, so that the no-commercialization case applies. The ex-
pected consumer surplus effect of prohibiting start-up acquisitions is:

prob™ (L, L) [S (L,L) — S (L,0)] + [prob™ (H,0) — prob® (H,0)] [S (H,0) — S (L,0)].

The decomposition summarizes the differences between the two cases in a succinct fash-
ion. On the one hand, the policy measure will introduce desirable competition with prob-
ability prob™ (L, L). The first term captures the effect of having the competitive surplus
S (L, L) rather than the non-competitive surplus S (L,0). On the other hand, the policy
measure introduces a change in the probability of the drastic innovation (prob™ (H,0) —
prob® (H,0)), which, in many cases, will be negative.?°

To understand the result, it is crucial to understand what determines the components
of the terms in the decomposition. This is simple for the expressions S (L, L)—S (L, 0) and
S(H,0)—S(L,0), which are fully determined by the innovation technology and properties
of the market environment. S (H,0) — .S (L,0) depends on the size of the innovation and,
closely related, on its effect on demand. S (L, L)—S (L, 0) captures the value of competition
to consumers. The remaining terms are endogenous. prob” (L, L) is the product of the
entrant’s innovation probability under no-acquisition and the conditional probability 1 —p
that this innovation will be non-drastic. prob™ (H,0) — prob* (H,0) is the product of the

18For instance, the last condition holds when a homogeneous Bertrand duopoly is compared to a
monopoly and a higher state corresponds to lower costs.

9Note that these probabilities are determined by the equilibrium innovation strategies (r;,7.) which
we have characterized previously.

29Tn cases where this effect is not negative, the consumer surplus effect of restricting acquisitions is
trivially positive because of the increase in competition.
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innovation effect of the acquisition policy (as discussed in Section 4) and the conditional
probability p that an innovation is drastic.

These general considerations lead to some insights for the comparative statics of the
consumer surplus effect. This is straightforward for the entrant’s bargaining power: Clearly,
3 only enters prob™ (H,0) — prob* (H,0); it has no effects on the remaining terms in the
decomposition. Moreover, from Proposition 4, we know that 3 increases prob™ (H,0) —
prob? (H,0) and thus the adverse innovation effect of a restrictive merger policy (and there
is no such effect when g = 0). Thus, a restrictive merger policy will always be justified for
sufficiently low bargaining power of the entrant, but not necessarily when this bargaining
power increases.

The effect of the (conditional) probability of drastic innovations p is more subtle. As
discussed in Section 4, this parameter affects the probability of innovation and the size
of the policy effects. Moreover, by definition, a higher p corresponds to an increase in
the conditional probability of a drastic innovation, given that an innovation emerges. As
these effects are potentially countervailing, the net effect is unclear. For instance, under
the conditions of Proposition 4, an increase in p reduces the policy effect on innovation
probabilities, which counteracts the direct positive effect of p. Thus, in general, we cannot
expect a clear positive effect of p on prob™ (H,0) — prob* (H,0). Similarly, an increase in
the conditional probability p of a drastic innovation potentially has ambiguous effects on
the probability of competition (prob™ (L, L)).?!

Such ambiguities also arise for the effects of increasing competition intensity on the
product market. To illustrate, consider a reduction in duopoly profits 7(L, L). Under
the no-acquisitions policy, this means that the entrant gains less from successfully inno-
vating and competing with the incumbent, which, in turn, should reduce his innovation
investment. Consequently, he is less likely to innovate and enter the market. However, in
many reasonable parameterizations of the model, lower product market profits go hand in
hand with higher consumer surplus S(L, L). Despite the clear effect on the probability of
drastic innovation (as described in Proposition 4), the total expected effect of more intense
product market competition on consumer surplus can therefore be positive or negative.

6.2 One-dimensional innovation efforts

We now briefly discuss what would happen in an alternative setting where firms can only
choose total innovation efforts rather than which projects to invest in. We summarize
the main ideas here; the details are in the appendix. In this simple benchmark model,
we assume that both firms exert innovation effort that determines the probability z; of
innovation success independently across firms. The necessary costs are K(x;). The cost
function K : [0,1] — R, is continuous, differentiable, strictly increasing and convex, with
K(0) =0, lim,_,; K(z) = 0.

This simple model differs from our model only in the way in which innovation proba-
bilities are determined. Thus, the analysis of the acquisition and commercialization stages
applies as before. As acquisitions only arise when the entrant has invested successfully into
a non-drastic innovation, the effect of prohibiting acquisitions is driven by the differences
in the values of the firms in this situation.

21While the direct effect on the probability that an L-innovation rather than an H-innovation emerges
is negative, we conjecture that the effect on the overall innovation probability is positive under the no-
acquisition policy.
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For the entrant, the incentive to invest is higher when acquisitions are allowed than
when they are not. The intuition is straightforward: When acquisitions are allowed, en-
trants will sell their innovation to the incumbent, thereby sharing the gain from eliminating
competition with the incumbent. Conversely, the incumbent’s innovation incentives are
lower under laissez-faire than under a no-acquisitions policy: Under a laissez-faire policy,
the incumbent can avoid the duopoly case by means of acquisitions. Thus, she has a lower
incentive to block the entrant via innovation investment.

The differences in innovation incentives with and without acquisitions depend in partic-
ular on the bargaining power of the entrant, but also on the intensity of competition in the
final market stage. To provide an intuition, consider the extreme case where 5 = 0 and the
entrant does not receive any surplus above his outside option when the start-up is acquired.
Thus the entrant’s innovation incentives are not directly affected by the prospect of an
acquisition, but only indirectly through the reaction of the incumbent. Under laissez-faire,
the incumbent reduces her innovation effort, since she can appropriate the entire surplus.
The decrease in innovation effort by the incumbent induces an increase by the entrant,
since for him, innovation efforts are strategic substitutes. Which effect dominates then de-
pends on the intensity of competition in the market stage. If competition is very intense,
in other words, duopoly profits are very low, the incumbent’s reaction to the possibility of
acquiring the entrant is much stronger and overcompensates the positive indirect effect on
the entrant’s innovation effort. Conversely, in the other polar case of 8 = 1, the prospect
of acquisitions has no direct effect on the incumbent’s profits and hence on her innovation
incentives, so that the potential negative effect of allowing acquisitions disappears en-
tirely. In this case, only the positive effect on the entrant’s incentives is present and even
reinforced by the incumbent, who considers innovation efforts as strategic complements
because her main incentive is to fight the entry threat. Consequently, the overall effect of
allowing acquisitions is to increase innovation incentives. In sum, in this simple model, a
ban on acquisitions has ambiguous effects on innovation.

7 Conclusion

Recently, there has been an intense debate on the interactions between mergers and in-
novation, with particular emphasis on the role of start-up acquisitions. Motivated by
this debate, our paper provides a theory of the strategic choice of innovation projects
by incumbents and start-ups which takes into account the endogeneity of acquisition and
commercialization decisions by the incumbent.

Very generally, both firms invest as much as possible into low-cost projects, whereas
neither invests at all in high-cost projects. For projects with intermediate costs, at least
one firm invests. This structure is independent of whether acquisitions are allowed or not
and whether the incumbent commercializes the entrant’s innovation after an acquisition
or not.

We obtain several robust findings on the effects of acquisition policy. First, prohibiting
start-up acquisitions weakly reduces the diversity of research approaches pursued by the
firms and thereby the probability of developing breakthrough innovations, where the effect
is strictly negative for killer acquisitions (without commercialization of the start-up’s in-
novation). Second, a restrictive merger policy may induce the incumbent to strategically
duplicate projects of the entrant to prevent competition.
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These findings suggest that, even for pure killer acquisitions, the case for prohibition is
not straightforward. On the one hand, any acquisition of a potential entrant leads to the
well-known anti-competitive effect resulting from the elimination of a potential competitor.
On the other hand, the chance to be acquired provides incentives to start-ups to invest
in research projects that the incumbent would not develop herself (and it constrains the
incumbent’s desire to engage in socially wasteful projects). While the number of start-ups
that are being acquired by incumbents in the digital economy sector is certainly a cause for
concern, our analysis also shows that start-up acquisitions can help to keep the variety of
innovative projects high, suggesting that an appropriate design of merger policy towards
start-ups requires a lot of care. It also provides some understanding of the circumstances
in which interventions may be warranted.

While our approach focuses on the short-term effects of acquisition policy, we believe
that our analysis can potentially be useful to inform multi-period models of start-up acqui-
sitions. It would be interesting to analyze how incumbents and potential entrants target
their innovation activities when entry can take place repeatedly and when the incumbent’s
technology improves as a result of acquisitions. Is increasing dominance of the incumbent
an inevitable outcome? Will the innovation process eventually slow down because it be-
comes too hard for entrant to compete? While these questions are beyond the scope of
the current paper, our analysis suggests that it is expedient to take the policy effects on
project choice into account, rather than only the effects on the overall innovation level.
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A Appendix

This appendix provides proofs of our formal results as well as a full description of equi-
libria under the no-acquisition policy (Propositions 8 and 9). It is organized as follows.
Section A.1 provides the proof of Lemma 1. Section A.2 collects proofs of Lemmas 3-6.
These lemmas constrain the order of critical values in each of the four settings we are
interested in (laissez faire vs. no-acquisition policy and commercialization vs. no commer-
cialization). With these results in place, we then characterize every equilibrium for each
possible constellation of critical values that can arise. This is contained in Section A.3.
Section A.4 provides the formal statements describing equilibria which can arise under the
no-acquisition policy. The proofs of Propositions 1, 5, 8 and 9, which describe equilibria
in the four settings under consideration, can be found in Section A.5. These proofs fol-
low straightforwardly from the results in Section A.3. Finally, Section A.6 collects all the
remaining proofs (of Propositions 2, 3, 4, 6 and 7).

A.1 Proof of Lemma 1

Proof. There are three possible cases. Either the entrant holds no patent, or he holds
the H patent or the L patent. We will examine the three cases in turn. First, suppose
that the entrant holds no patent. Then, since the entrant cannot compete without an
innovation, the incumbent’s profits are the same with or without the acquisition. Thus,
the incumbent has no incentive to acquire the entrant. Second, suppose the entrant holds
a patent on the H technology. Without an acquisition, the entrant commercializes the
technology and obtains the payoff 7(H) — x while the incumbent obtains =« (¢, H) = 0.
With the acquisition, the incumbent commercializes the technology and obtains the payoff
m(H) — k. Thus the total payoffs are equal with or without the acquisition. Since the
acquisition (by assumption) only goes through if the total payoffs strictly increase, the
incumbent does not acquire the entrant.
Third, consider the case when the entrant has a patent for the L technology. If there is
no acquisition, the entrant commercializes the technology and obtains payoffs (L, {) — k,
while the incumbent’s payoffs are w(¢,L). If the incumbent acquires the entrant and
commercializes the technology, he obtains m(L,0) — k, while without commercialization
he obtains 7(¢,0), thus he will choose to commercialize only if 7(L,0) — x > m(¢,0).
The entrant obtains the payoff of zero. There are three possible cases. (i) Suppose that
7(L,0) — k > 7(¢,0), which implies 7(L,0) > w(¢,0). By Assumption 1(iv), in this
case m(L,0) > w(¢, L) + w(L,¥), so that =(L,0) — x > w({,L) + n(L,¢) — k and the
acquisition is profitable. (ii) If 7(L,0) — x < 7w(¢,0) but 7n(L,0) > 7w(¢,0), Assumption
1(iv) implies 7(L,0) — x > w(¢, L) + w(L,{) — K, so that 7(¢,0) > n(¢, L) + (L, ¢) — k and
the acquisition is profitable. (iii) Finally, if 7(L,0) < m(¢,0) then Assumption 1(iv) gives
w(¢,0) > w(¢, L) + w(L,¢) — K, so that the acquisition is again profitable.
m
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A.2 Proofs of Lemmas 3-6
A.2.1 Proof of Lemma 3
Proof. (i) To see this, note that v;(H) = v.(H). Thus

C(07) = 5 [pve(H) + (1 — p) (vi(L,0) — v;(¢, L))]
[pve<H) + (1 - p) (ﬂ-(é? O) - (ﬂ-(& 0) - Ue([ﬂg)))]

[pve(H) + (1 = p)ve(L, )] = C(67).

N DN — DN —

(i) Since C'(0?) < C(6!), it follows immediately that 62 < 6!.
(iii) This will hold if and only if

which is satisfied since v;(L,0) = v;(¢,0) in the case without commercialization.
(iv) This follows from

C(0;) < C(6%)

pvi(H) + (1 _p)vi(L7 0) - Uz’(év O) S % [pve(H> + (1 - p)Ue(L,f)]
pui(H) = p6,0) < 2 [pee(H) + (1 = (L, €)

pui(H) = 2pv;(¢,0) < (1 = p)uve(L, £).

A.2.2 Proof of Lemma 4
Proof. (i) Note that v.(H) = v;(H). 6% < 67 will hold if and only if:

C(62) < C(67)

5 (v (H) + (1= p)uc(L,0) < 3 (o) + (1= p)(ui(L,0) — wi(4, 1))

2
Ve(L, 0) < v;(L,0) —v;(¢, L)
7(L,0) — k < m((,0) —7(¢, L)

which is satisfied by Assumption 1(iv) combined with 7 (¢,0) > 7(L,0) — k.
(ii) Since C'(#?) < C(6!), it follows immediately that 62 < 6!.
(iii) This will hold if and only if
c(0}) < C(6))
pvi(H) + (1 — p)v(L,0) — v;(£,0) < pve(H) + (1 — p)ve(L, £)
—pui(6,0) < (1 = p)oe(L, 0)
which follows from v;(L,0) = v;(¢,0).
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A.2.3 Proof of Lemma 5

Proof.
(i)
C(E2) = 5 (pue(H) + (1~ phoeL, 1)
= L) + %(1 ) (wi(L,0) — vi(€, L))
= gvi(H) +(1-p) <%vi(L, 0) + %vi(f, L)) — (I =p)v(¢, L)

= C(62).

(ii) Since C'(6?) < C(6}), it follows immediately that 6% < ..
(iiia) 6} € (0,67] if:

C(0}) < C(6%)
pui(H) + (1 — p)vy(L,0) — v;(£,0) < gw(ﬂ) i ;m (vi(L,0) — vi(¢, L))
2(1 —p)vi(L,0) — 2v;(¢,0) < —pv;(H) + (1 — p) (v;(L,0) —v;(¢, L))
(L =p)ui(l, L) < 20;(£,0) — pvi(H) — (1 = p)ui(L, 0).

(iiib) 61 € (62, 01] if:

By (iiia), the first inequality holds if
(1 —p)vi(¢, L) > 2v;(£,0) — pv;(H) — (1 — p)v; (L, 0).
The second inequality holds if
pvi(H) + (1 — p)vy(L,0) — v;(¢,0) < pv
(1 =p)oi(L,0) = (1 = p)ve(L, £) < vi(£,0)
(1 =p)ui(f, L) < vi(£,0)
(ilic) 6} € (0L, 1) if C(0}) > C(6}) which by (iiib) holds if

o(H) + (1 = p)ve(L, 0)

A.2.4 Proof of Lemma 6

Proof.
(i) The inequality holds if C(6?) < C(6?) which is equivalent to
1 1
L )+ (1= (L) < & (o) + (1= p) (0(1.0) = (6, 1)

ve(L, €) + v (¢, L) < v;(L,0)

which always holds by Assumption 1(iv).
(ii) Since C'(#?) < C(6!), it follows immediately that 62 < 62.
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A.3 Characterization of Equilibrium Behavior

As an immediate implication of Lemmas 3-6, we find a common ordering which holds in
all equilibria.

Corollary 3. In any equilibrium, irrespective of policy and type of acquisition, the follow-
ing two relations hold:

(i) 61 > 62
(i) 07 > 0¢

Next, we show how the relation of a project 6 to the critical project restricts the
equilibrium choices.

Lemma 7. Any equilibrium must satisfy (a)-(f) below. If (a)-(f) all hold, the investment
functions r.(0) and r;(0) can be sustained as an equilibrium.

(a) re(0) =1 and r;(0) = 1 whenever 6 € [0, 62
(b) r.(0) =0 and r;(#) = 0 whenever § € (max{6},61}, 1)
(c) re(0) =1 and r;(0) = 0 whenever 6 € (max{62,0}},06}]
(d) re(0) = C(Q—C((;Q)) and r;(0) = % whenever 6 € (max{6}, 6%}, min{6!, 6?}].
(e) Fither (i) r.(6) =1 and r;(0) =0 or (i) r.(f) =0 and r;(#) =1 or

(113) . (0) = % and r;(0) = % holds

whenever 6 € (07, min{6;, 0> }].

(f) The equilibrium satisfies r.(6) = 0 and r;(6) = 1 in all remaining cases.

Proof. (a) Projects in this interval are (weakly) profitable for the entrant irrespective of
the behavior of the incumbent since § < 6> < 6! by Corollary 3(i). Given that the
entrant invests, investing is also profitable for the incumbent, as 6 < 6? by Corollary 3(ii).
Consequently, investment behavior on this interval is consistent with an equilibrium if and
only if r.(6) =1 and r;(6) = 1.

(b) Projects in this interval are never profitable for the entrant irrespective of the
behavior of the incumbent since §* < 0! < 6 by Corollary 3(i). As the entrant does not
invest, investment is not profitable for the incumbent as 6 > 6}.

(c ) In this interval, it is a unique best response of the incumbent not to invest irrespec-
tive of the investment of the entrant. Therefore, using # < 6!, it is always a unique best
response of the entrant to choose 7;(6) = 1.

(d) By now straightforward considerations, there can be no equilibrium where firms
choose zero or maximal investment (on a positive measure of projects). Thus, any equi-
librium must involve firms choosing strictly interior equilibrium efforts. However, since
project payoffs are linear in effort, interior equilibrium efforts can only be sustained when
each firm makes the rival exactly indifferent between investing and not investing into a
given project. The incumbent is indifferent if and only if

(1 - Te(e))vi(& 0) + re(e)(l - p)”i(& L) =
—C(0) + (1 = re(0)) [pvi(H) + (1 = p)vi(L, 0)]

+7l0)5 lpuCH) + (1= p) (0(1,0) + (6, 1)

e’
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where the LHS represents the incumbent’s project payoft from investing 0 and the RHS
represents the incumbent’s project payoff from investing 1.
Using the definitions of C(6}) and C(6?) and solving for r.(6), we arrive at r.(0) =

CO-CE)  which is the unique solution to the above equation. We can proceed analogously

C(67)-C(6})’
to arrive at r;(0) = %. Moreover, these investment levels are feasible, since they

are between 0 and 1 for every 6 € (max{6}, 6%}, min{6? 6!}]. Thus, effort levels r. and r;
for each project # in this interval are consistent with equilibrium behavior if and only if
they are defined as in (d).

(e) Again, it is simple to show that the strategies delineated in (i) and (ii) constitute
equilibrium behavior and that no other equilibrium with minimal or maximal effort choices
exists. Proceeding as in (d), we find that the strategy in (iii) is also consistent with
equilibrium behavior for # in this interval, and there is no other strategy with interior
effort levels for which this is the case.

(f) In (a)-(e), we have shown that, if # lies in the given interval for each of the cases,
we arrive at the respective equilibrium behavior for project 6.

We now show that all remaining cases must be the following:

(i) 6 € (02, min{h},#?}] and min{A},6?} < 6!

1771 1771

(i) 6 € (max{6?,6!},06!}]

177e

(iii) 0 € (62,6}] and min{6}, 67} > 6!

e’ 177

All equilibria have cases (a) and (b) in common, so let us consider each remaining case
in turn and fill the gaps: Assuming case (c¢) occurs, we need to characterize the possi-
ble constellations in the interval (6%, max{6?,6}}]. (min{h?, 6} }, max{6?,0}}] corresponds

177 1771 1) 7

to case (d) if ] < 6? and to case (e) if 6] > 6?. Thus, we are left with the interval

(62, min{6}, 62}], which is case (i) above.

Assuming case (d) occurs, we need to characterize the possible constellations in the
intervals (62, max{6},6?}] and (min{6},02},6!]. Since (min{6},62},06!] only has positive

177 e e’ er~

measure if §? < 6!, the interval falls into case (c). (02, max{6},6%}] only has positive

177e
measure if #2 < #}, and then the interval corresponds to case (7) above.

Assuming case (e) occurs, we need to characterize the possible constellations in the
intervals (02, 0?] and (min{6}, 0!}, (max{6},61}]. For the second interval, if 0} < 6!, we are
in case (c) and if 8} > 0!, we are in case (i7) above. (6% 6?] corresponds to case (i) above.

If case (ii7) occurs, neither case (c), (d) or (e) can occur in the same equilibrium, since
all of them require min{6}, 67} < 6..

Having established that we identified the remaining cases, we can use arguments that
are standard by now to show that efforts in each of those cases are consistent with equi-

librium behavior if and only if r.(f) = 0 and r;(0) = 1. O

A.4 Equilibria under a no-acquisition policy

Proposition 8 (Without commercialization). Consider the case without commercializa-
tion under a mo-acquisition policy.

(a) If 02 > 0}, then max{6}, 6%} < min{62,0!}. The equilibrium is unique. Functions r;

and 1. constitute an equilibrium if and only if conditions (i)-(v) hold:
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() =1, for 6 €[0,6?]
9) =1, for 0 € (62, max{0}, 0*}]

andr;(0) = (%ell))—cw)’ for 6 € (max{6}, 62}, min{62,6.}]
6) =1 and n( ) =0, forf € (mm{@2 611,01,

177e

(b) If 6? < 0} then 62 < 02 < 0} < 6. The equilibrium is not unique. Functions r; and
re constitute an equilibrium if and only if conditions (i)-(v) hold:
(i) re(0) =1 and r;(0) = 1, for 6 € [0, 6?]
(ii) re(0) =0 and r;(0) =1, for 6 € (6%,0
(iii) r.(0) =1 and r;(0) = 0, for 6 € (6},0
( (6c

) =
) = 7]
) =
(i) r.(6) =0 and r;(0) =0, for 0 €
0;]
)
)

)
1),
(v) for any 0 € (6? either:
re(0) =1 and rz(
re(0) =0 and r;(0

_ ceh-cw) _ ceh-cw)
re(t) = Gah—cwn @nd ril0) = cah o -

=0, or

=1, or

Proposition 9 (With commercialization). Consider the case with commercialization un-
der a no-acquisition policy.

(a) If 6? > 6}, then max{0}, 6%} < min{6?,0}. The equilibrium is unique. Functions r;

177e€

and 1. constitute an equilibrium if and only if conditions (i)-(v) hold:

(i) re(0) =1 and r;(0) = 1, for 6 € [0, 6?]

(ii) re(0) =0 and r;(0) = 1, for 6 € (0>, max{6},6°}]
)=
) =

(

( 17 7e
(111) r.(0 9)—0))) andr;(0) = CC((@@S))—C@) for 0 € (max{6},6?}, min{62,0!}]
(iv) 7.(0) =1 and r;(#) = 0, for 6 € (min{62,60!},0!],

(

177e

(v) 7.(0) =0 and r;(0) =0, for 6 € (61,1).

(b) If 02 < 0} < 0!, then 62 < 6? < 0] < .. The equilibrium is not unique. Functions r;
and 1. constitute an equilibrium if and only if conditions (i)-(v) hold:
(i) re(0) =1 and r;(6
(ii) r.(0) = 0 and r;(0) = 1, for 0 € (62,
(iii) r.(0) =1 and r;(9) = 0, for 0 € (6},0
( (0

)= ) =1, for 6 € [0,6?]
)= ) =
) = )=

(v) 1.(0) =0 and r;(0) =0, for 0 €
a 0;]
)= ) =
) = ) =
) =

07
el
1),
(v) for any 0 € (62 either:

r.(0) =1 and n(
) = O cmd i (0

C(0) _ ceh-c
W and 7:(9) = Zt—cer) -

( 0, or
Te( =1, or
Te(

6
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(c) If 07 < 0 < 67, then 62 < 62 < 0! < 0}. The equilibrium is not unique. Functions r;
and r. constitute an equilibrium if and only if conditions (i)-(v) hold:
(1) 7.(0) =1 and r;(0) =1, for 6 € [0,6?]
(ii) re(0) =0 and r;(0) =1, for 6 € (6%, 67]
(i) 1.(0) = 0 and r;(0) = 1, for 0 € (6},0}],
(iv) 1.(0) =0 and r;(0) =0, for 6 € (6},1).
(v) for any 6 € (62,0!] either:
re(f) =1 andrl( )=
) )
) =

g)=0 andrl( =1, or

—-C(0 1y_
a and 1i(6) = ShCa

( =0, or
7e(
rel0) = e

(d) If 0} < min{h? 6]}, then 0* < 6} < min{0},62}. The equilibrium is unique. Func-

tions r; and re constitute an equilibrium if and only if conditions (i)-(iit) hold:

(i) re(0) =1 and r;(0) = 1, for 6 € [0, 6?]
(1i) r(0) =0 and r;(0) =1, for 6 € (6%,0]]

er’a

(iii) r.(0) =0 and r;(0) = 0, for 6 € (6},1).

A.5 Proofs of Equilibrium Characterizations
A.5.1 Proof of Proposition 1

According to Lemma 3, in the laissez-faire case without commercialization, one of the
following two constellations applies:

(i) 0 <62 < 6!
ii) 62 < 4! < 0!
(ii) ;< 0,

Applying Lemma 7 to each constellation immediately gives the result.

A.5.2 Proof of Proposition 5

According to Lemma 5, under the laissez-faire policy in the case with commercialization,
one of the following constellations applies:

(i) 6; <6 <o}
(i) 62 < 6! < 6}
(iii) 6% < 6! <6}

Applying Lemma 7 to each constellation immediately gives the result.
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A.5.3 Proof of Proposition 8

According to Lemma 4, under the no-acquisition policy in the case without commercial-
ization, one of the following five constellations applies:

) 0F <62 <67 <6}
) 0} <602 <0 <067
(iii) 6% <0} <62 <!
) 02 <0 <0l <02
) 02 <607 <0 <0

Applying Lemma 7 to each constellation immediately gives the result.

A.5.4 Proof of Proposition 9

According to Lemma 6, under the no-acquisitions policy in the case with commercializa-
tion, one of the following constellations applies:

(i) 0} <0 <07 <0,
6} < 6% <0l <02
62 < 0! <0 <6}

62 < 6] < 0! <62

)
)
)

(v) 02 <0? <0} <!
) 62 <0l <0} <6?
) 0% <0l <02 <0
) 0% <02 <0l <0}

Applying Lemma 7 to each constellation immediately gives the result.

A.6 Other proofs
A.6.1 Proof of Proposition 2

Proof. By Corollary 1, V(r;,r.) = 0! and by definition C'(0}) = pv.(H) + (1 — p)v.(L, ¢).
By Lemma 2, we can substitute v.(H) and v.(L,¢) so that

C(0,) = p(r(H) — k) + (1 = p)(B(n(¢,0) = 7((, L)) + (1 = B)(n(L, () — K)).
Since C'is an increasing function, OV (r,7.)/dz > 0 if and only if

Ip(r(H) — k) + (1 —p)(B(x(£,0) —7(¢, L)) + (1 = B)(n(L, ) — K)))
ox

> 0,
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for any parameter z. We will examine this inequality for the cases (7)-(iii) in three steps
below.
Step 1: 0V(ry,r.)/0Op > 0.

Ip(r(H) —x)+ (1 =p)(B(x(£,0) = 7((, L)) + (1 = B)(7(L, ) — K)))
dp

m(H) — k= (B(m((,0) = w(¢, L)) + (1 = B)(7(L,{) — k) =
7(H) — B(x(£,0) —7(¢,L) — w(L,0) + k) — w(L, £) >
m(H) =k —(n((,0) =7 (¢, L) — 7(L,{)) — (L, () =

m(H)—k—7m(£,0)+n(¢, L) > 0.

The first inequality follows from Assumption 1(iv): Either max{=(L,0),7(¢,0)} = 7 (¢,0),
then the inequality is trivially satisfied, or max{w(L,0),7(¢,0)} = =(L,0). Since we
consider cases where the innovation is not commercialized, if follows that = (¢,0) > 7(L,0)—
k>m(l,L) +n(L,¢) — k. The second inequality follows from Assumption 2(ii).

Step 2: 0V(ry,71)/05 > 0.

Ip(r(H) — k) + (L —p)(B(@(£,0) —7((, L)) + (1 — B)(w(L,{) — k) _
op
(1 —p)(w(£,0) = 7(¢,L) — w(L,£) + k) >0,

where the inequality follows from Assumption 1(iv) combined with the restriction to the
case where 7(¢,0) > w(L,0) —
Step 3: OV(ry,1e)/0n(L,€) > 0 and OV(r;, 1) /0m({, L) <0

Op(r(H) = r) + (1 = p)(B(x(£,0) = (£, L)) + (1 = B)(n(L, £) = K))) _
on(L,?0)

(1—=p)(1—=5) >0,
Ip(r(H) — k) + (L —p)(B(r(£,0) —7((, L)) + (1 = B)(w(L, £) — K))) _
on(l,L)

—(1-p)B<0.

A.6.2 Proof of Proposition 3

Proof. In the equilibrium with acquisition, denote the equilibrium strategies with r;(A) and
re(A). Similarly, in the equilibrium without acquisitions, denote the equilibrium strategies
with (r;(IV),7e(N)).

Part (a) By Proposition 1, 7;(6; A) + r.(; A) = 0 if and only if 0 € (01(A),1).
Hence, V(r;(A),r.(A)) = 61(A). By Proposition 8, r;(6; N) + r.(6; N) = 0 if and only if
0 e (Ql(N) 1). Hence, V(r;(N),r.(N)) = 61(N).
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Finally: 6}(N) < 61(A).
To show this, it is sufficient that

C(0:(N)) < C(0:(4))

pr(H) + (1 = p)m(L,€) — & < pre(H) + (1 — p)ve(L, 6 A)
pr(H) + (1 = p)n(L,€) — k < p(r(H) = k) + (1 = p)ve(L, £; A)
(L, 0) — k < ve(L,l; A)
7(L,0) — k < B(x(£,0) — (¢, L)) + (1 — B)(n(L, 0) — k)
m(L,0) —k <m(l,0) —m(¢, L)
w(l,L)+m(L,¢) — k < 7(¢,0)

where simple algebra leads to the last inequality, which holds by Assumption 1(iv) and
w(¢,0) > w(L,0) — k.

Part (b) If (r;(A),r.(A)) constitutes a simple equilibrium, then P(r;(A),r.(4)) >
P(ri(N),re(N)).
By Proposition 1, if (r;(A),7.(A)) is a simple equilibrium, then P(r;(A),r.(A)) = 01(A).
By Part (a), 01(N) > P(r;(N),re(N)), and 6L(A) > 0L(N). O

A.6.3 Proof of Propositions 4

Proof. By Proposition 3(a), we get V(r;(A),r.(A)) =V (ri(N),r.(N)) = 01(A)—01(N) > 0.
Applying the implicit function theorem on the equations determining 6! (A) and 0 (N),

we get that

0(6.(A) — 6:(N))

or
Z(p(n(H) — k) + (1 = p)(B(x(£,0) — w((, L)) + (1 = B)(n(L, {) — K)))
C'(0:(A))
_ ap((H) = k) + (1 = p)(r(L,6) - &)

C'(0:(N))
for any parameter x.

(1) OV (ri(A),1e(A)) = V(ri(N),re(N)))/0p < 0
I(OL(A) —0L(N)) w(H)—r—p(x((,0) =7, L) —(1=pB)(x(L,{) - k)

Op C'(0:(A))
7(H)—k—7n(L,0)+ kK
o oewy
- 7(H) —n(L,¢) — B(w(¢,0) — w(¢, L) — (L, {) + k) _ C'(01(A))
m(H) = m(L,{) C"(0:(N))

The LHS of the above inequality is strictly smaller than one by Assumption 1(iv) combined
with 7(¢,0) > 7w(L,0) — k. The RHS is the relation of the slopes of the cost function at
the threshold resarch projects with and without acquisitions, respectively. Remember that
01(A) > 61(N). Then, since costs are convex, the inequality holds.
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(i) OV(ri(A),re(A)) = V(ri(N),re(N))) /95 > 0

0(0(A) — 0:(N)) _ (1 =p)(x(£,0) —7(¢, L) —w(L,£) + k)

% = C01(A) =0

which follows from Assumption 1(iv) and 7(¢,0) > 7w(L,0) — k.

(173) O(V(ri(A),re(A)) = V(ri(N),r.(N)))/On(L,£) < 0 and
V(ri(A),re(A)) = V(ri(N),re(N)))/On(£, L) <0

0(0e(A) —6:(N)) _ (1-p)(1-5) (1-p)
o (L, ?) Cr(0:(A))  C'(0L(N))

S (1-0)<

0(0:(A) —6:.(N) _ —(1—p)B

omt,n)  o@a)y =

where the first part of (iii) requires convexity of research costs, while the second part does
not. O

A.6.4 Proof of Proposition 6

Proof. In the equilibrium with acquisition, denote the equilibrium strategies with (r;(A), r.(A4)).
Similarly, in the equilibrium without acquisitions, denote the equilibrium strategies with
(r;(N),r.(N)). By Proposition 5, r;(6; A)+r.(0; A) = 0 if and only if § € (max{6!(A),0}(A)},1).
Hence, V(r;(A),r.(A)) = max{0!(A),0}(A)}. By Proposition 9, r;(0; N) + r.(0; N) = 0
if and only if 0 € (max{0}(N),0}(N)},1). Hence, V(r;(N),r.(N)) = max{6}(N),0}(N)}.
Then, the claim of the proposition follows from Steps 1-4.

Step 1: 6} (A) = 0}(N).
To show this, it is sufficient that

C(0; (A)) = C(0; (N))

1

pui(H; A) + (1 = p)ui(L,0; A) — v5(£,0; A) = pvi(H; N) + (1 — p)vi(L,0; N) — v;(£,0; N)

which holds since v;(t,0; A) = v;(¢,0; N) for all t € {¢, L, H}.
Step 2: 01(N) < 61(A).
To show this, it is sufficient that

C(0:(N)) < C(0:(4))
pve(H; N) + (1 _p)ve([ﬁg; N) < pU6<H;A) + (1 _p)ve<L7€; A)
Ve(L, 0; N) < ve(L,0; A)

which always holds.

Step 3: If0L(A) > 0}(A), then V(r;(A)
is a simple equilibrium then P(r;(A),r.(A)
Since 0!(A) > 61(N) by Step 2 and 6} (A)
max {6 (N), 6; (N)}. Then V(r;(A),re(4))

,Te(A)) > V(ri(N), ri(N)) and if (ri(A), re(A))
) > P(ri(N),re(N)).
= 6}(N) by Step 1, then it must be 0!(A) >
> V(ri(N),re(N)). Since P(ri, 1) < V(ri,re)
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for any (r;,7.) and P(r;,1.) = V(ry, 1) for simple equilibria, then also P(r;(A),r.(A)) >
P(ri(N), 7o (V)

Step 4: If01(A) < 0}(A), then V(r;(A),r.(A)) = V(r;(N),r(N)) and if (ri(A),r.(A))
is a simple equilibrium then P(r;(A),r.(A )) > P(ri(N),re(N)).
If 01(A) < 6} (A), then by Steps 1 and 2, 02(N) < 0}(N). Then V(r;(A),r.(A)) = 6} (A)
01 (N) = V(r;(N),r.(N)). Since P(r;,re) < V(ri, 1) for any (r;, 7.) and P(ry, re) = V(ri, 7
for simple equilibria, then also P(r;(A),7.(A)) > P(ri(N),r.(N)).

oo

A.6.5 Proof of Proposition 7

Proof. Subtracting the two expressions for expected consumer surplus gives the welfare
difference

prob™ (L, L) S (L, L) + [prob™ (H,0) — prob® (H,0)] S (H,0) +
[prob™ (L, 0) — prob* (L,0)] S (L,0) =
prob™ (L, L) [S (L,L) — S (L,0)] + [prob™ (H,0) — prob® (H,0)] S (H,0) +
[prob™ (L, 0) + prob™ (L, L) — prob™ (L,0)]S (L, 0)

The result then follows because

prob™ (L,0) + prob™ (L, L) — prob™ (L, 0) = prob* (H,0) — prob™ (H,0).

36



References

Bavly, Gilad, Yuval Heller, and Amnon Schreiber, “Social Welfare in Search Games
with Asymmetric Information,” mimeo, 2020.

Bourreau, Marc and Alexandre de Streel, Digital Conglomerates and EU Competi-
tion Policy, Paris, Namur: Télecom Paris-Tech, Université de Namur, 2019.

_ , Bruno Jullien, and Yassine Lefouili, “Mergers and Demand-Enhancing Innova-
tion,” TSE Working Papers, 2018, (18-907).

Bryan, Kevin A. and Erik Hovenkamp, “Startup Acquisitions, Error Costs, and
Antitrust Policy,” University of Chicago Law Review, Forthcoming, 2019.

_ and _ , “Antitrust Limits on Startup Acquisitions,” Review of Industrial Organization,
2020.

_ and Jorge Lemus, “The Direction of Innovation,” Journal of Economic Theory, 2017,
172, 247-272.

Cabral, Luis, “Standing on the Shoulders of Dwarfs: Dominant Firms and Innovation
Incentives,” CEPR Discussion Papers, 2018, (No. 13115).

Crémer, Jacques, Yves-Alexandre de Montjoye, and Heike Schweitzer, Compe-
tition Policy for the Digital Era, Brussels: European Commission, DG Comp, 2019.

Cunningham, Colleen, Florian Ederer, and Song Ma, “Killer Acquisitions,” mimeo,
2019.

Federico, Giulio, Gregor Langus, and Tommaso Valletti, “A simple model of merg-
ers and innovation,” Fconomics Letters, 2017, 157, 136-140.

_, _, and _ , “Horizontal mergers and product innovation,” International Journal of
Industrial Organization, 2018, 59, 1-23.

Gilbert, R.J., “Competition, Mergers, and R&D Diversity,” Review of Industrial Orga-
nization, 2019, pp. 465-484.

Hovenkamp, Herbert and Carl Shapiro, “Horizontal mergers, market structure, and
burdens of proof,” Yale LJ, 2017, 127, 1996.

Kamepalli, Sai Krishna, Raghuram Rajan, and Luigi Zingales, “Kill Zone,” 2019.

Letina, Igor, “The road not taken: competition and the R&D portfolio,” The RAND
Journal of Economics, 2016, 47 (2), 433-460.

_ and Armin Schmutzler, “Inducing variety: A theory of innovation contests,” Inter-
national Economic Review, 2019, 60 (4), 1757-1780.

Marshall, Guillermo and Alvaro Parra, “Innovation and Competition: The Role of
the Product Market,” International Journal of Industrial Organization, 2019, 65, 221—
247.

37



Mason, Robin and Helen Weeds, “Merger policy, entry, and entrepreneurship,” Furo-
pean Economic Review, 2013, 57, 23-38.

Moraga-Gonzalez, José-Luis, Evgenia Motchenkova, and Saish Nevrekar, “Merg-
ers and Innovation Portfolios,” CEPR Discussion Paper No. DP14188, 2019.

Motta, Massimo and Emanuele Tarantino, “The effect of horizontal mergers, when
firms compete in investments and prices,” Mimeo, 2018.

Norbick, Pehr-Johan and Lars Persson, “Entrepreneurial innovations, competition
and competition policy,” Furopean Economic Review, 2012, 56, 488-506.

Phillips, Gordon M. and Alexei Zhdanov, “R&D and the Incentives from Merger and
Acquisition Activity,” The Review of Financial Studies, 2013, 26 (1), 34-78.

Rasmussen, Eric, “Entry for Buyout,” The Journal of Industrial Economics, 1988, 36
(3), 281-299.

Salop, Steven, “Modifying merger consent decrees: an economist plot to improve merger
enforcement policy,” Antitrust, 2016, pp. 15-20.

Salop, Steven C. and Carl Shapiro, “Whither Antitrust Enforcement in the Trump
Administration?,” 2017.

Schmutzler, Armin, “Competition and investment-A unified approach,” International
Journal of Industrial Organization, 2013, 31 (5), 477-487.

Shapiro, Carl, “Antitrust in a Time of Populism,” International Journal of Industrial
Organization, 2018, 61, 714-748.

Vives, Xavier, “Innovation and Competitive Pressure,” The Journal of Industrial Eco-
nomics, 2008, 56 (3), pp. 419-469.

Yi, Sang-Seung, “Market structure and incentives to innovate: the case of Cournot
oligopoly,” Economics Letters, 1999, 65 (3), 379-388.

38



B Online Appendix

B.1 The effect on duplication

As mentioned in the main text, duplication is measured by the probability that both firms
discover the innovation:

D(ri,re):/o ri(0)r.(0)do.

To assess the effect of banning start-up acquisitions on duplication, we will focus on the
case without commercialization as in Section 4. We distinguish between equilibria where
6?(N) < 6}(N) and equilibria where 62(N) > 6} (N).

Proposition 10 (The effect of start-up acquisitions on duplication). Suppose that the
no-commercialization case applies.

(a) When 6?(N) < 0}(N), compare any simple equilibrium with acquisitions and any
simple equilibrium without acquisitions. Duplication is strictly smaller in the equi-
librium without acquisitions.

(b) When 02(N) > 6}(N), compare any simple equilibrium with acquisitions and any
equilibrium without acquisitions. There exists a threshold bargaining power 5 € [0,1)
such that:

(i) if 6 < B duplication is larger in the equilibrium without acquisitions, and

(i1) if 5> B duplication is smaller in the equilibrium without acquisitions.

Proof. First note that, without acquisitions, simple equilibria only exist when 02(N) <
6}(N). In any simple equilibrium with acquisitions, D(r;(A),r.(A)) = 6?(A) by Propo-
sition 1 and in any simple equilibrium without acquisitions D(r;(N),7.(N)) = 62(N) by
Proposition 8. For §?(N) < 6%(A), we need

C(0Z(N)) < C(6*(A)

Ve(L,0; N) < ve(L,0; A)
7(L,0) — k < B(x(£,0) — (¢, L)) + (1 — B)(n(L, ) — k)
m(L,0) —k <m(l,0) —m(¢, L)

which holds by Assumption 1 and the no-commercialization case condition 7(L,0) —
w(¢,0) > k. Hence D(r;(A),r.(A)) — D(r;(N),r.(N)) > 0, which establishes part (a)
of the proposition.

For part (b), we need to consider duplication in any equilibrium without acquisitions.
When 62(N) > 6} (N), only non-simple equilibria exist without acquisitions. In these cases,
by Proposition 8, duplication is given by:

min{0?(N),0¢ (N)}

D(ri(N),r.(N)) = 0*(N) + / r:(0; N)re(0; N)do.
max{62(N),0} (N)}
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Now we show that there exists a threshold 8 which determines the sign of the effect of
acquisitions on duplication. When 3 = 0, then 6%(A) = §*(N), thus
min{07 (N),0¢(N)}
D(rs(A), ol ) 5 = 0) = DOr(N), V)i B = 0) = = 76 N)re(6; N)d < 0.
max{02(N),0; (N)}
When 8 = 1, then #%(A) = 62(N), thus

D(Tz(A)a TE(A); B = 1) - D(Ti(N)7Te(N); 6 = 1) -
min{02(N),01(N)}
0 (N) — ez(N)—/ 7:(0; N)ro(0; N)df > 0.

max{62(N),0} (N)}

The last inequality follows from the following two observations, which are implied by
Proposition 8: (i) 0 < min{#?(N), 0} (N)} —max{6?(N),0}(N)} < 02(N)—6%(N), and (ii)
ri(0; N)re(60; N) < 1 for all # and r;(0; N)r.(6; N) < 1 for some 6. Finally, the effect of 3
on the change in duplication is monotone:
O(D(ri(A),re(A)) — D(ri(N),r(N))) _ 06°(4)
op 9B
(1 —=p)(n(¢,0) =7 (¢, L) — w(L,0) + K)

- C62(A) -0

]

The intuition for the result is the following: If §?(N) < 6} (), then it is only the change
in the entrant’s incentive to invest in duplicate projects 6?(N) which will determine the
result. Similar to the effect on variety, banning acquisitions also decreases profitability of
duplicate innovations for the entrant, which leads to lower §%(N) and thus less duplication.

In the complementary case, 6?(N) > 6!(N), the incumbent invests in a positive measure
of projects for the mere purpose of reducing the entrant’s probability of a successful L
innovation. This creates additional duplication for more costly projects. Allowing for
acquisitions will reduce this duplication, while still increasing the duplication for rather
cheap projects as discussed in the previous paragraph. The overall effect of allowing
acquisitions then depends on the relative size of those countervailing effects, which is
determined by the bargaining power.

The above analysis suggests that there are two distinct reasons for duplication: Dupli-
cation just due to high relative payoff of innovation, such that both investing in the same
project still pays off, and duplication due to the blocking incentives of the incumbent.
The latter is stronger when acquisitions are not allowed and, while duplication by the
incumbent has the negative side-effect of preventing a successful L innovation and thereby
competition, duplication by the entrant has the mirrored positive side-effect of increasing
competition and can thus not only be considered as wasteful. However, even if duplication
might be decreased by allowing acquisitions, the positive side-effect of duplication by the
entrant is also shut down because his successful L innovation will just be acquired and will
not lead to more product market competition.

B.2 TIllustrative example for Figures 1 and 2

We consider an example of Bertrand competition with homogeneous goods, linear costs
¢ and linear demand ) = 1 — P. Hence, if only one firm is operating on the market, it
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will receive monopoly profits. We assume that ¢ = L, hence if the entrant enters with an
L technology, both firms have the same marginal costs and receive zero profits. The L
technology corresponds to high marginal costs ¢, while the H technology corresponds to low
marginal costs ¢, where ¢ < ¢ < 1. This leads to the following profits: 7(L,0) = (15°)2,

2

m(H,0) = n(H,L) = (1%9)2, n(L,L) = 0 and 7(0,¢t;) = 0 Vt; € {L,H}. Moreover,

commercialization costs k are set to zero. Note that with this specification Assumptions
1 and 2 are satisfied. The costs of research are given by

1—-6
where s > 0 is a slope parameter. With acquisitions the critical #s are then given by:
g1(4) = (pm(H) + (1 — p)(B(x(L,0) — 7(L, L)) + (1 = B)n(L, L))?
‘ s?+ (pr(H) + (1 = p)(B(n(L,0) = n(L, L)) + (1 = B)m(L, L))?
(A - (% (pm(H) + (L= p)(B(w(L,0) = w(L, L)) + (1 = B)n(L, L)))*
T R (G on(H) + (L= p(B(R(L,0) — w(L, 1) + (1~ B)r(L, L)
(p(r(H) — 7(L,0)))*
s? + (p(w(H) — (L, 0)))?
07 (A) =0

0}(4) =

Without acquisitions, 0! (N) is given by:

(pr(H) + (1 — p)n(L, L))?

Oc(N) = 52+ (pr(H) + (1 — p)w(L, L))?

The parameter values chosen for the Figures are s = 0.015, ¢ = 0.75, ¢ = 0.50 and p = 0.25,
where we depicted the extreme cases of § =0 and § = 1.

B.3 Simple Innovation Model and effects on Innovation Probabil-
ity

In this section we show that, in a model where firms only choose the amount of resources

they invest in research, banning acquisitions will have an ambiguous effect on innovations.

Let x; be the probability that the firm j € {i, e} discovers the innovation, with the

associated cost given by K (-), where K is strictly increasing and convex. Apart from the
innovation stage, the model is unchanged.

Profits and best responses The expected profit of the incumbent and the entrant,
given z; and x;, can be written as
1
EIT;(x;, ) = (1 — 51‘6) [pv;(H) + (1 — p)v;(L,0)]

+ z.(1 — %xl)(l —p)vi(6, L) + (1 — x;)(1 — x)v;(£,0) — K (x;)
1

Ell (ze, z;) = z(1 — 5:132) [pve(H) 4+ (1 — p)ve(L, 0)] — K(x.).
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Consequently, the first-order conditions and, implicitly, the best responses of the firms are
K'(zi(we)) = (1=x¢) [pri(H) + (1 = p)vi(L, 0) — v;(¢, 0)]

+ e o (H) + (1= p)((L,0) — (€, L)

K'(ze(wi)) = (1—%%) [pve(H) + (1 = p)ve(L, £)]

The Nash equilibrium solves the above system of equations and is denoted by (a7}, z).22

Note that, when acquisitions are allowed, v;(L,0) — v;(¢, L) reduces to v.(L,¢). In
case of being the sole successful innovator, expected profits are larger for the entrant than
for the incumbent. Part of it is explained by the Arrow replacement effect: The gains
of achieving the H-innovation are larger to the entrant, as he does not have to sacrifice
current monopoly profits, in contrast to the incumbent. In addition, when the L-innovation
is realized, the entrant can pocket the acquisition price. In case both are successful, they
expect to have the same innovation payoff. The reason for this is that, with H-innovation,
both win a monopoly position and, with non-drastic innovation, the entrant receives the
acquisition price, while the incumbent can “save” on the amount she would have otherwise
to paid to the entrant.

If acquisitions are not allowed, the only terms changing in the above first-order condi-
tions are v;(¢, L) and v.(L,¢). In this scenario, the entrant stays in the market and gains
duopoly profits less commercialization costs v.(L,¢) = n(L,{) — xk and the incumbent re-
ceives v;(¢, L) = (¢, L). Because acquisitions are not feasible, the incumbent’s payoff is
lower when the entrant successfully innovates(compared to the case when acquisitions are
possible), increasing her incentives to innovate in order to drive out the entrant. However,
the entrant also receives lower profits when he obtains a non-drastic innovation, which
reduces his innovation incentives overall. Due to these counteracting effects, the net effect
of a ban on acquisitions on the sum of investment levels is not clear ex-ante.

Effect of Acquisitions on Innovation Probability We consider cases where 7(¢,0) >
7(L,0)—k, hence v;(L,0) = v;(¢,0). To simplify the comparison between a ban and no ban
on acquisitions, we introduce a new parameter p, where p represents the probability that
the acquisition will be allowed. The first order conditions of the entrant and incumbent
for a given regime p are given by:

K (wi(we); 1) =(1 — ze)p(vi(H) — vi(£,0))

+ %we(Pw(H) + (1 =p) [poe(L, £) + (1 = p)(vi(€,0) — vi(¢, L))])

Ko 1) =(1 — ) (oo )+ (1= p) oL, ) + (1= (L, 0).

The probability of an innovation, and its change when p increases are given by:

Pr(Innovation) = &7 (u) + x¢(p) — a7 () (1)
dPr(Innovation) dxf(p)

m = (1—932(#))T+(1—172‘(u))

dry(p)
dp

22Gecond order conditions are satisfied due to convexity of K ()
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We use the implicit function theorem on the first order conditions of the incumbent
and entrant to evaluate the effect on the innovation efforts, dwéﬁ“ ) and dlgﬁ“ ), Plugging

those expressions into the above derivative of the innovation probability, we get:

dPr(Innovation)  s2%(u)(1 — p)(vi(¢, L) — v;(¢, L)) = I

dp ||

L= 325 (1)) (1 = p)(ve(L, £) — ve(L, 0)) * E
/1]

where

I= %(1 — i (1) (pre(H) + (1 = p) (pve( L, £) + (1 = p)0e(L, £))) = (1 = () K" (2 (1))
and
1

E=51- zp () [pvi(H) + (1 = p)(vi(€,0) — pvi(¢, L) — (1 — p)v;(¢, L))

= 2p(vi(H) = vi(£,0))] + (1 — a7 (1)) K" (27 ().

Note that the Jacobian matrix J is the collection of second-order partial derivatives and is
negative definite assuming sufficiently strict convexity of the cost function K (z). Hence the
determinant of the Jacobian matrix |J| is positive and the sign of the effect of acquisitions
on innovation probability is the same as the sign of weighted sum of I and F.

This sign is not clear ex-ante. If 8 = 0, so that v.(L,¢) = v.(L, {), then the sign of the
effect on innovation probability is determined by

dPr(Innovation)

(1 — g () K" (7 (1)
dp '

1— a7 (p)

This condition is more likely to be satisfied for large competition intensity in a duopoly,
i.e. relatively small 7n(L,¢) = v.(L,¢) + k = v;(¢,L). With relatively small profits in a
duopoly with non-drastic innovation, the first order reaction of the incumbent towards the
possibility of acquisition leads to a relatively big decrease of innovation effort, while the
entrant’s reaction is only of second order. He only increases his efforts as a best response
to the effort decrease of the incumbent. The overall effect is thus negative.

If the entrant has all bargaining power, i.e. § = 1 and v;(¢, L) = v;(¢, L), we get a
similar expression for the sign of the effect:

|5=0 2 0 = (pve(H) + (1 = p)ve(L, £)) 2 2

dPT(Ingzvation) oy 2 0
o (1— p)(0i(L.0) — 5(6, 1)) + p(@(6,0) — () = —2 L= T U)K (@i ()

1 — a3 (p)

If drastic innovation is not too profitable, i.e. v;(H) < 2v;(¢,0), a more lenient regime
towards acquisitions will increase innovation probability, irrespective of product market
competition intensity when both firms are active.

The above analysis shows that, in a model where firms cannot target their innovation
efforts towards specific projects with respect to innovation competition, at minimum, one
needs to make specific assumptions on the bargaining power of the potential entrant 3 in
addition to competition intensity in the product market as measured by 7 (¢, L) + 7 (L, £).
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