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1 Introduction

Mergers rarely trigger interventions by competition authorities unless they involve substan-
tial additions of incumbent market shares. In particular, start-up acquisitions are hardly
ever challenged.! Practitioners and academics have argued that this lenient approach may
be flawed, as it does not take risks to potential competition into account.?

Acquisitions of small innovative firms by the dominant players in the digital econ-
omy have received particular attention.® Moreover, Cunningham, Ederer and Ma (2021)
show that incumbent firms in the pharmaceutical industry often engage in so-called killer
acquisitions by purchasing start-ups with the sole purpose of eliminating potential com-
petition, without intending to commercialize the innovation.* Even when incumbents do
commercialize the innovation, acquisitions need not be innocuous, as they may widen the
technological lead of a dominant incumbent, making entry ever harder (e.g. Bryan and
Hovenkamp, 2020a). Nonetheless, a per-se prohibition of start-up acquisitions would not
be desirable either: As many observers have pointed out, the prospect of selling the firm
may increase the entrant’s ex-ante innovation incentive, even without commercialization
by the incumbent.® Since Rasmusen (1988), several academic papers have formalized this
“entry-for-buyout logic”. However, this logic is incomplete: The option of buying an inno-
vative entrant could crowd out innovation efforts of the incumbent. Therefore, the overall
effect of a prohibition of acquisitions on innovation is unclear without further analysis.

Our paper analyzes the effect of banning acquisitions in a model in which both, the
entrant and the incumbent, may innovate. Moreover, different innovation projects are
available, so that firms make strategic project choices determining not only their probabil-
ity of innovation, but also the correlation between their innovation outcomes and those of

the competitors. To illustrate why we are taking this approach, consider a simple version

LA rare exception was the FTC’s intervention against the acquisition of HeartWare by Thoratec,
a maker of left ventricular assist devices, in 2009 on the grounds that “HeartWare alone represents a
significant threat to Thoratec’s LVAD monopoly;” see https://www.ftc.gov /sites/default /files/documents/
cases,/2009/07/090730thorateadmincempt.pdf. Similar arguments played a role in the FTC’s treatment of
the proposed acquisition of the small rival Pacific Biosciences by Illumina and the acquisition of College
Park by Ossur, both producers of prosthetic devices (see OECD, 2020).

2This concern is reflected in policy reports such as Crémer, de Montjoye and Schweitzer (2019) (“EU
Report”), Furman, Coyle, Fletcher, McAuley and Marsden (2019) (“Furman Report”) or Scott Morton,
Bouvier, Ezrachi, Jullien, Katz, Kimmelman, Melamed and Morgenstern (2019) (“Stigler Report”); see
also Salop (2016), Salop and Shapiro (2017), Hovenkamp and Shapiro (2017), Bryan and Hovenkamp
(2020D).

3Examples include Facebook’s takeovers of WhatsApp, Instagram and Oculus CR, Google’s acquisi-
tion of DoubleClick, Waze and YouTube, and Microsoft’s purchases of GitHub and LinkedIn. For more
descriptive statistics on start-up acquisitions, see Gautier and Lamesch (2021).

4The use of the “killer” metaphor in the literature is not uniform. Some authors apply the expression
“kill zone” to start-up activities that are so close to those of dominant incumbents that they may trigger
hostile behavior towards the entrant, without implying that the incumbent would not commercialize the
start-up’s technologies.

°See Bourreau and de Streel (2019), Crémer et al. (2019), Furman et al. (2019) and Cabral (2020).


https://www.ftc.gov/sites/default/files/documents/cases/2009/07/090730thorateadminccmpt.pdf
https://www.ftc.gov/sites/default/files/documents/cases/2009/07/090730thorateadminccmpt.pdf

of a standard model where firms only choose how much to invest in R&D.% Consider a
market with linear inverse demand p(Q) = 1 — @ and constant marginal cost ¢ = 0, so
that monopoly profits are 1/4 and Cournot duopoly profits per firm are 1/9. Suppose an
entrant can generate an innovation that leads to a perfect substitute for the incumbent’s
product with probability xx if the entrant invests K(zg) = 0.52%. The incumbent can
similarly invest in R&D with success probability z; and investment cost K (z;) = 0.5z%. If
both firms have successfully innovated, the right to use the innovation is assigned to each
firm with probability 0.5. In this setting, the effects of prohibiting acquisitions now de-
pend on the entrant’s bargaining power. When the entrant has high bargaining power, the
entry-for-buyout logic prevails, and the probability of innovation with a prohibition is lower
than without. If the entrant has low bargaining power, the probability of innovation with a
prohibition is higher than without.” The latter result reflects an increase in the innovation
efforts of the incumbent who, having lost the acquisition option to prevent competition by
the successful entrant, is now trying to crowd out a successful innovation by the entrant
with own innovation activity. However, our analysis will show that this ambiguity result
relies on the assumption that the incumbent’s strategy set is one-dimensional, allowing
her only to choose the overall probability with which she will obtain an innovation.

Contrary to such standard models, our richer model of project choice allows the incum-
bent to target her R&D towards projects that the entrant invests in as well. Thereby, we
can distinguish between investments that increase project variety and those that merely
lead to duplication, which is crucial to understand whether the innovation probability and
R&D investment move in the same direction. We find that the overall effect of a prohibi-
tion of acquisitions on the innovation probability is always weakly negative. Nevertheless,
a prohibition is justified in many cases. To see this, we show that the size of the innovation
effect depends on market characteristics. In particular, we identify circumstances under
which the effect is entirely absent, so that the standard pro-competitive arguments suffice
to justify a prohibition.

While these results might suggest selective interventions into the market, this could
be difficult to implement in practice. Therefore, a central part of our paper is a detailed
analysis of the effects of several policy instruments which leave the acquisition decision to
the firms, but influence acquisition incentives. Specifically, we consider merger remedies,

acquisition taxes and preferential treatment of initial public offerings.

6Such innovation models are in the tradition of, for example, Gilbert and Newbery (1982), Reinganum
(1983), Loury (1979) and Lee and Wilde (1980).

"When acquisitions are prohibited, the equilibrium investments are (approximately) zx = 0.1107 and
xy = 0.0077, with resulting innovation probability 1 — (1 —zg)(1 — ;) = 0.1175. If the entrant receives
the entire bargaining surplus under laissez-faire, equilibrium investments are (approximately) xp = 0.1382
and 7 = 0.0096 and thus higher than without acquisitions. If the incumbent receives the entire bargaining
surplus, equilibrium investments are (approximately) g = 0.1108 and 2; = 0.0062, so that the innovation
probability is 0.1162 and thus lower than without acquisitions.



Our model is generic rather than tailored to any single industry, as we do not impose
any functional form on demand or profit. Moreover, we do not restrict attention to either
process or product innovations. An incumbent monopolist possesses a technology that
allows her to operate in a product market without innovation. By contrast, an entrant has
to innovate in order to produce. We allow firms to strategically choose in which innovation
projects to invest. Such a representation captures important aspects of many real-world
innovation decisions.® Ex ante, projects only differ with respect to investment costs; ex
post, only one project will lead to an innovation. With some probability, this innovation
will be drastic, resulting in monopoly profits for the commercializing firm. Otherwise,
it will be non-drastic, allowing the entrant to compete. Under a laissez-faire policy, the
incumbent can acquire the entrant once the innovation outcomes become common knowl-
edge. If an acquisition takes place, the trading surplus is split according to exogenously
given shares reflecting bargaining power.® The firm possessing the innovation technology
then decides whether to commercialize it at some fixed cost or not; thereafter, product
market competition takes place. Our model addresses the case that commercialization
costs are high, so that the incumbent does not commercialize the acquired innovation (the
killer acquisition case), as well as the case that they are low enough that it does (the
genuine acquisition case). This is important because both cases are empirically relevant
and because it might be difficult for the authorities to distinguish between them.!©

We fully characterize the equilibrium structure, which enables us to analyze policy
effects on innovation strategies. We first focus on the effects of prohibiting start-up acqui-
sitions. Even though incumbents and entrants react differently to the policy, we obtain
the clear result that the policy effect on innovation is weakly negative, no matter how the
bargaining power is distributed. The reason that the overall innovation probability never
increases is that the incumbent has larger incentives to invest only in those projects in
which the entrant also invests (i.e., duplicate projects), while her incentives to invest in
new projects remain unchanged. Compared to standard models where firms only choose
the R&D intensity (as in the example sketched above), our framework identifies a novel
effect of a more restrictive acquisition policy (change in duplication) and offers qualita-
tively different predictions (weakly lower innovation probability). Of course, which of the

two modeling approaches is adequate depends on the innovation technology for the case at

8 A prominent example for different approaches to an innovation is the development of the internet.
Among several competing methods to connect different networks and transmit data, the packet switching
method turned out to be the one efficient enough to enable today’s internet (Leiner, Cerf, Clark, Kahn,
Kleinrock, Lynch, Postel, Roberts and Wolff, 2009).

9See Phillips and Zhdanov (2013), Cabral (2018) and Kamepalli, Rajan and Zingales (2020) for similar
assumptions.

10This distinction mirrors the contrast between killer acquisitions and nascent potential competitor
theory of harms. The latter case arises if “the acquired product might grow into a rival product, and
hence [...] controlling that product (but not killing it), removes the competitive threat that it poses”
(OECD, 2020, p.7).



hand, with the multi-project setting being more appropriate whenever there is fundamental
uncertainty about the right approach.

While the weakly negative innovation effect of prohibiting acquisitions appears to vin-
dicate the entry-for-buyout argument, there is an important qualification: Whereas the
innovation effect is strictly negative in the killer-acquisitions case, in the genuine acquisi-
tions case there is a non-degenerate parameter region where it is entirely absent. Thus,
perhaps surprisingly, even though Kkiller acquisitions may appear to be particularly prob-
lematic because non-drastic innovations do not reach the market, the pro-competitive
argument for prohibiting genuine acquisitions is sometimes even clearer because the ad-
verse innovation effect may be zero. Crucially, in all equilibria in the killer-acquisition case,
the entrant’s incentives determine the variety of innovation projects. As the absence of
the acquisition option reduces the entrant’s investment incentives, overall variety declines
when acquisitions are prohibited. By contrast, when non-drastic innovations are valuable
enough for the incumbent to commercialize, her incentives to innovate may be higher than
those of the entrant. In this case, the incumbent’s incentives are decisive for the variety
of innovation, and they are not affected by policy. Without an adverse innovation effect,
prohibiting acquisitions improves welfare because it exclusively enhances competition.

In all other cases, policy has to trade off the positive competition effect of prevent-
ing acquisitions against the negative innovation effect. Our results suggest that the pro-
competitive effect is likely to dominate the adverse innovation effect in markets in which
the entrant’s bargaining power is low and the incumbent’s competitive profits are high.
Thus, innovation effects should not be seen as a carte blanche for acquisitions. Rather,
whether or not acquisitions should be allowed depends on the specifics of the industry.

Determining whether the market conditions justify an intervention may be difficult in
practice. In Section 7, we therefore consider several alternative policies. First, we discuss
two behavioral remedies: restrictions on the use of the acquired technology and prohibition
of “killing” the acquired technology. Such remedies may decrease ex-ante innovation in-
centives, but in complementary cases: Limiting the usage of the acquired technology after
an acquisition does not affect innovation for killer acquisitions, but decreases innovation
for genuine acquisitions and may turn some of them into killer acquisitions. Conversely,
if the “killing” of the entrant’s technology is prohibited, some killer acquisitions become
genuine. Innovation is unaffected in the genuine-acquisition case and diminished in the
killer-acquisition case. Second, we analyze tax policies which aim to tilt the decision of
the start-up in favor of market entry. Similarly to the behavioral remedies, an increase in
acquisition taxes is likely to decrease innovation. In contrast, making IPOs more profitable
for startups, for instance by lowering the tax burden, fosters innovation. A common attrac-
tive feature of all these policy instruments is that, if they have an effect, they may render

the acquisition unprofitable in circumstances when an entrant would make substantial



profits on its own, suggesting that he would be a viable competitor.

Further, we show in Section 8 that the weakly negative innovation effects of a no-
acquisition policy are robust to relaxing several assumptions of the main model. First, we
allow for a monotone relationship between the cost of pursuing a project and its probability
to generate a drastic innovation. With such project heterogeneity, banning acquisitions
may have a particularly pronounced negative effect on the probability of drastic inno-
vations. Intuitively, if the prohibition reduces R&D investment, this affects exactly the
projects which are most costly to pursue and thus most likely to lead to a drastic inno-
vation. Otherwise, results turn out to be similar as in the main model. Second, suppose
that the size of the innovation (drastic or non-drastic) is not yet known at the time of the
acquisition. Such uncertainty leads to more acquisitions, but does not affect the innova-
tion effects of the policy. Third, asymmetries in commercialization costs or the chances
of receiving the patent do not influence the innovation effect, though, in the former case,
a no-acquisition policy may suffer from the additional inefficiency that an entrant with
high commercialization costs ends up commercializing the innovation. Fourth, we show
that allowing for licensing of innovation does not affect our results. Fifth, we argue that,
while the existence of a second entrant would tend to reduce investment incentives, the
effect of the no-acquisition policy would remain qualitatively similar. Sixth, we argue that
extending the space of possible innovation outcomes from two to a continuum would not
significantly alter the insights of our analysis.

The remainder of the paper is organized as follows. In the main text, we focus on the
introduction of the main framework, the results and the discussion. Appendix A contains
proofs of our main results while Appendix B provides the remaining proofs as well as

precise statement of results that we only mention briefly in the main text.

2 Relation to the Literature

Cunningham et al. (2021) not only provide empirical evidence for the existence of killer
acquisitions, but they also develop a theoretical model to explain the rationale behind
discontinuing development. The main difference between their model and ours is that we
emphasize the initial innovation decisions, which they do not analyze.

A recent theoretical literature has studied under which circumstances mergers of in-
cumbents increase innovation. Federico, Langus and Valletti (2017, 2018) and Motta and
Tarantino (2021) identify negative effects, whereas Denicolo and Polo (2018) find positive

effects. In Bourreau, Jullien and Lefouili (2021), both possibilities arise.!* In models with

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



multiple research approaches, Letina (2016) and Gilbert (2019) obtain negative effects
on R&D diversity; Letina also finds that mergers reduce research duplication. Moraga-
Gonzalez, Motchenkova and Nevrekar (2022) show that mergers may increase welfare by
alleviating biases in the direction of innovation.!?

Instead of focusing on incumbent innovations, our paper asks how acquisition policy
affects the R&D project choices of incumbents and entrants.'®> Rasmusen (1988) identi-
fied an incentive to enter a market to get bought by the current incumbent, suggesting
that a lenient acquisition policy can foster innovative entry.'* In Phillips and Zhdanov
(2013) a laissez-faire policy increases the incumbent’s innovation as well as the entrant’s.'®
Cabral (2018) obtains the innovation-for-buyout effect in a continuous-time setting. Mer-
melstein, Nocke, Satterthwaite and Whinston (2020) and Hollenbeck (2020) use computa-
tional methods to study the long-run effects of merger policy in dynamic oligopoly models
with entry-for-buyout incentives; the latter finds that prohibiting mergers can lead to less
innovation and lower long-run consumer welfare. Fumagalli, Motta and Tarantino (2020)
show that, in spite of potential anti-competitive effects, the prospect of acquisitions by an
incumbent may foster start-up innovations by relaxing financial constraints.'® By contrast,
Kamepalli et al. (2020) and Katz (2021) argue that, in the tech industry, a laissez-faire
policy may have negative effects on start-up innovations.!” While Gans and Stern (2000)
focus less on acquisition policies, they provide an in-depth analysis of the innovation deci-
sions of entrants who can bargain with incumbents about cooperative agreements such as
technology licensing. They show how the terms of the agreement depend on fundamentals
such as property rights and stand-alone profits.'® Unlike our paper, none of these papers
analyzes the strategic choice of innovation projects.

Several papers deal with the effects of acquisition policy on the type of innovation.
Bryan and Hovenkamp (2020a) consider distortions in the innovation decisions of start-ups
who produce inputs for competing incumbents, without considering entry into this compe-
tition. In Gilbert and Katz (2022) and Dijk, Moraga-Gonzalez and Motchenkova (2021), a

12Bryan and Lemus (2017), Letina and Schmutzler (2019), Bardey, Jullien and Lozachmeur (2016) and
Bavly, Heller and Schreiber (2022) treat other aspects of innovation project choice.

13Segal and Whinston (2007) ask how the antitrust treatment of incumbents affects entrants’ innovation
incentives: A more restrictive policy increases the entrants’ short-term benefits from being in the market,
but leads to long-term losses in case he becomes dominant himself.

14Gee Mason and Weeds (2013) for similar reasoning.

15Tn their model, large firms can sell their own product and the target’s product after the acquisition
and there is an additional value from applying an innovation to both products.

6The related contribution of Motta and Peitz (2021) focuses mainly on the ex-post acquisition and
commercialization decisions of a resource-constrained entrant who has previously generated an innovation.

1"While the results of the two papers are similar, the central mechanisms differ. In Kamepalli et al.
(2020), expectations of “techies” (potential early adopters of a new technology) drive the result. In Katz
(2021), the key assumption is that potential entrants can choose innovation quality.

8They use these insights to investigate the effects of the acquisition option on innovation incentives and
on the nature of the strategic interaction between firms. Gans, Hsu and Stern (2002) provides empirical
support for the predictions.



vertically differentiated entrant can choose whether or not to compete head-to-head with
the incumbent. The papers provide conditions under which a restrictive acquisition policy
will increase or decrease biases in this decision. In Callander and Matouschek (2022), the
entrant can similarly choose the distance to the incumbent’s location. The prospect of an
acquisition incentivizes the entrant to locate closer to the existing product, and hence to
aim for a less radical and less uncertain innovation.'?

Contrary to these papers with a new take on the issue of product differentiation, we
emphasize differentiation in the innovation process, in the projects that firms apply to
achieve a given innovation goal. More generally, compared with the existing literature,
we focus on identifying market characteristics driving the size of the innovation effect and
justifying intervention. On a related note, we show how the case for intervention differs
between killer acquisitions and genuine acquisitions. Our emphasis on innovation portfolios
allows us to analyze policy effects on project variety and duplication rather than merely

on overall innovation efforts. Finally, to our knowledge, we are the first to provide a formal

analysis of the innovation effects of a wide range of policies towards start-up acquisitions.

3 The Model

We consider two variants of a multi-stage game, corresponding to a laissez-faire policy
(A) which tolerates acquisitions and a no-acquisition policy (N). In both cases, there is an
incumbent (i = I) who owns a technology with which she can produce goods. In addition,
she can invest in R&D. An entrant (¢ = E) has to invest in R&D before he can produce.

Before providing the details, we start with an overview of the time structure.

1. Investment stage: Firms simultaneously decide in which research projects to in-
vest, thereby determining the probability of a (patentable) innovation, which can be

drastic or non-drastic with exogenously given probability.

2. Acquisition stage: Under a laissez-faire policy firms negotiate an acquisition,
which takes place if and only if it strictly increases total payoffs, and they nego-

tiate the acquisition price. Under a no-acquisition policy, this stage is dropped.

3. Commercialization stage: The firm holding the patent (if any) decides whether

to commercialize the technology.

Similar to Callander (2011) and Carnehl and Schneider (2021), the authors postulate a positive
relation between distance and novelty of an innovation. Cabral (2018) derives a similar conclusion to
Callander and Matouschek (2022) in a very different setting. In Wickelgren (2021), lenient acquisition
policy encourages entrants to develop substitutes rather than complements to the incumbent’s product.
Motta and Shelegia (2021) identify a tendency for rivals to provide complements rather than substitutes
to an incumbent’s products to stay out of the kill zone (avoid being copied), but argue that the prospect
of acquisitions works against this effect, pushing entrants towards developing substitutes.

7



4. Market stage: The incumbent and the entrant receive product market profits,
which depend on whether there was an innovation, whether it was drastic or non-
drastic and which firm has access to it. Total payoffs result after accounting for

potential investment and commercialization costs and acquisition payments.

We now describe the stages in detail. In the investment stage, the firms choose in which
research projects @ from a continuum © = [0,1) to invest. If firm ¢ invests in project 0,
r;(6) = 1. If it does not invest, r;(#) = 0. We restrict the firms’ choices to the set R of
Lebesgue measurable functions r : [0,1) — {0,1}. Only one project, 6 € O, will result
in an innovation (be the correct project). All other projects will lead to a dead end and
produce no valuable output. Each project is equally likely to be correct. The investment
cost of firm ¢ is fol r:(0)C(0)dh, where the cost function C : [0,1) — R, is continuous,
differentiable, strictly increasing, convex and such that limy_,; C'(6) = co and C(0) = 0.

With exogenously given probability p < 1, the correct project 0 results in a high
technological state (H ), corresponding to a drastic innovation compared to the incumbent’s
current technology.?’ Otherwise, 0 results in a low state L, corresponding to a non-drastic
innovation, allowing the entrant to compete with the incumbent and obtain positive market
profits. If a single firm discovers the innovation, it receives a patent. If both firms discover

2L We assume

the innovation, the patent is allocated randomly with equal probability.
that only the patent holder can use the new technology. Once the correct project has
been realized, both firms learn the resulting technology level, summarized in the interim
technology states (£, t%) € T := {(¢,0), (¢, L), (¢, H),(L,0), (H,0)}, where ¢ corresponds
to the incumbent’s initial technology and 0 corresponds to the entrant’s initial technology.??

In the second stage of the game under laissez-faire, the acquisition stage, the incumbent
can acquire the entrant by paying the profits that the latter could obtain in the market plus
a share of the (bargaining) surplus g € (0,1). We will assume that the acquisition takes
place if and only if the bargaining surplus is strictly positive. If the entrant is acquired,
then any patent held by the entrant is transferred to the incumbent. In the third stage,
the commercialization stage, the patent holder can bring the new technology to the market
at commercialization cost & > 0.23 Thereafter, the final technology states (t}cm,tgm) eT
result. Finally, in the product market stage, each firm i € {I, E'} with technology ¢; facing
a competitor j with technology ¢;, collects product market profits m;(¢;,¢;). We introduce

the following assumptions.

20This is a variant of the standard assumption that the size of the profit effect of an innovation is not
perfectly predictable given the R&D investment of a firm. In Section 8, we find that, when more costly
projects are more likely to generate drastic innovations, similar results emerge.

21'We consider asymmetric chances of receiving patents in Section 8.

22More technically, we assume that, simultaneously with the innovation decisions, there is a move of
nature determining the correct project and whether the innovation is drastic or non-drastic.

23 As we show in Section 8, none of our main insights depend on & being equal for both firms.

8



Assumption 1 (Market profits).

(i) Profits are non-negative: m;(t;, t;) > 0 for any t; and t;. Monopoly profits are strictly
positive, that is, m;(t;,0) > 0 for any t;.

(ii) Without an innovation, the entrant cannot compete: mg(0,tr) =0 fort; € {¢,L, H}.

(i1i) Technology H corresponds to a drastic innovation and generates monopoly profit:
n(H) =mg(H,l) =7;(H,0) > max{m;(L,0),7;(¢,0)} and 7;(¢,H) = 0.

(iv) Competition decreases total profits:
max{m;(L,0),7;(¢,0)} > m;(¢, L) + mr(L,{).

Assumption 1(ii) captures the fundamental asymmetry between incumbent and entrant.
We allow profits to be firm-specific functions of technological states, except for drastic
innovations, see Assumption 1(iii). Finally, Assumption 1(iv) ensures that the incumbent
wishes to acquire the entrant at least sometimes. Assumption 1 is consistent with a wide
range of interpretations, applying equally to process and product innovations. In the latter
case, we do not rule out that an incumbent will produce her old product as well as the
entrant’s: One can simply interpret 7;(L, 0) as corresponding to a multiproduct monopoly
profit. Assumption 1(iv) is natural in this case as well, because a two-product monopolist

can always imitate the pricing of differentiated duopolists and thus earn at least as much.

Assumption 2. Commercialization costs satisfy

(Z) 7"'E(ng) > K;
(13) m(H) — 71(£,0) > k.

Thus, even with the non-drastic innovation, the entrant’s profit is at least as high as the
commercialization cost. This avoids the case that the entrant is not viable on its own, and
prohibiting acquisitions would not have any pro-competitive effect. For the incumbent,
the increase in the monopoly profit obtained by using the drastic innovation outweighs the
commercialization cost. For the non-drastic innovation, this may or may not be the case.

We refer to the firms’ continuation payoffs at the beginning of the acquisition stage,
conditional on the realization of the interim states t7" and ¢!, as their values vy (t9™, t5t)
and vp(t9t, 0", respectively. These values depend on the policy regime. They are in-
dependent of the competitor state if a firm’s state is H; we thus simply write v;(H) and

ve(H). The expected total payoff of the incumbent who chooses an investment function



r7(0) when facing an entrant who chooses rg(6) is

B (1, 15) = — /0 r1(6)C(0)d0 + /0 r1(8)(1 — ru(8)) [por (H) + (1 — p)uy (L, 0)] d6
T / (1= r2(0))re(8) (1 — pos(€, L)d0 + / (1= rs(0))(1 — r(6))or (£,0)d0
n /0 1 (0)ri(6) lp (%vl(m) +(1—p) (%UI(L,O) + %v,(z, L))} 0.

The first integral captures the innovation costs of an incumbent with strategy r;. The
second integral represents the incumbent’s continuation payoff when she discovers an in-
novation and the entrant does not, conversely for the third integral. The fourth integral
represents the continuation payoff when neither firm innovates, and the fifth is for the case

when both firms innovate. Similarly, for the entrant we obtain:

Ellg(rg,r;) = — /0 re(0)C(0)do + /0 re(0)(1 —r(0)) [pve(H) + (1 — p)vg(L, £)] do

[ re@m(0) | Bustit) + 5 (. 0)| as

For the investment stage, characterizing subgame-perfect equilibria amounts to finding
functions r;, r; € R such that EIL(r;, r;) > EIL;(r}, ;) for any r; € R.?* However, because
of the additively separable structure of the objective functions, the game can effectively
be decomposed into a continuum of investment games, one for each project. Thus, for any
project 6, to find the best-reply investment of firm ¢ we only need to look at the other
firm’ investment decision r;(f) and we can ignore the investments of both firms in all
other projects, which simplifies the equilibrium analysis significantly. Using this approach,
we will show that the characterization of the equilibrium investment will rely on critical
projects 01, 0o, 017 and 07, which are defined implicitly by requiring that the expected

cost of a critical project equals the expected future profit increase it generates:

C(b2) = % (pve(H)+ (1 — p)ve(L,0))
C(b1r) = pvr(H) + (1 — p)og(L,0) — v (¢,0)

C(bar) = gvl(H) +(1—p) (%U}(L,O) + %U}(f, L)) — (I =pvr(¢, L).

The critical projects differ for incumbents and entrants and depend on whether the

24Obviously, for any equilibrium (r7,7g), any pair of functions (77, 7z) which only differ from (rr,rg)
on a set of measure zero is also an equilibrium. We omit the necessary “almost everywhere” qualifications
from the statements of our formal results for ease of exposition.
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competitor is expected to invest in the same project or not. Accordingly, project 6y; is
defined by the requirement that its cost equals the expected value increase to firm i if
it invests in the correct project when the other firm does not. Since project costs are
increasing in 6, this implies that firm ¢ would want to invest in any 6 € [0, 6y;) for which
it assumes that the competitor does not invest in, and it would not want to invest in any
0 € (01;,1) in which it believes the competitor is not investing. Similarly, 0y; is defined by
the requirement that its cost equals the expected value increase to firm i if it invests in a
correct project in which the other firm invests as well.

When evaluating the different policies, we are interested in the probability and dupli-
cation of innovation. Given any strategy profile (r7,rg), the probability P that at least

one firm innovates is determined by the variety of research projects invested in.

P(ry,re) = /0 (r1(0) + rE(8) — ri(0)rp(9))do
= /1 1(rr(0) +rg(0) > 0)db.

Duplication D is measured by the probability that both firms discover the innovation:

D(T[,TE):/(; T[(&)TE<9)CZ9

Assumptions 1 and 2 will be maintained throughout the paper. In addition, in the

main text, we rely on the following condition for expository purposes.

Condition 1 (Condition for simpler exposition).
p(r(H) — k) + (1 — p)(max{m;(L,0) — x, 7w (£,0)} + 7,(¢, L)) > 27/(¢,0).

It is straightforward to show that Condition 1 holds and is compatible with Assump-
tions 1 and 2 for a wide range of parameters. For instance, this will be the case if monopoly
profits with technology H or L are very large. We do not discuss the condition any further,
as we will show in Appendix B.2 that we can do without it at the cost of additional com-
plexity. Specifically, we will need to allow for richer strategy spaces that include different
intensities of investment into each project. We will maintain Condition 1 until Section 8,

where we summarize how it can be relaxed without affecting our main results.

4 Innovation Outcomes under the Laissez-Faire Policy

Before analyzing the equilibrium in the investment stage game, we begin by summarizing

the result of the acquisition subgame.
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Lemma 1 (Acquisitions). Under laissez-faire, the incumbent acquires the entrant if and
only if the latter holds a patent for technology L. Commercialization arises in any commer-

cialization subgame, except if the incumbent holds the patent and w;(L,0) — w;(¢,0) < K.

Intuitively, if the entrant owns technology L, an acquisition increases total profits
by eliminating competition, but leaves profits unaffected otherwise. The incumbent’s
commercialization decision depends on the value of the non-drastic innovation. If 7;(L,0)—
71(¢,0) < k (henceforth, the killer-acquisition case), commercialization is not worthwhile
— eliminating competition is the only acquisition motive. If 7;(L,0) — 7;(¢,0) > & (the
genuine-acquisition case), the incumbent additionally benefits from a better technology.

Here and in the following, we will explicitly distinguish between laissez-faire policy
and no-acquisition policy by adding superscripts A (for “acquisition”) and N (for “no
acquisition”), respectively, to the relevant values and functions. Using Lemma 1, we obtain

firm values after the realization of innovation outcomes.

Lemma 2 (Values). Consider the laissez-faire policy:

(i) The entrant’s values after realization of the innovation outcomes are
va(H) =n(H) — &
va(L,0) = 75(L, ) — & + B(max{m;(L,0) — k,7;(¢,0)} — 75(L,€) — m(¢, L) + k)
va(0,t7) =0 fort; € {¢,L, H}.

(i) The incumbent’s values after realization of the innovation outcomes are

vi(H) = n(H) — £

v (L,0) = max{n;(L,0) — x,m(£,0)}
v, L) = v(L,0) — va(L, )

v (£,0) = 7T1(€ 0)

vit(6, H) =

The values involving technology L require an explanation. After a non-drastic entrant
innovation, (¢, ") = (¢, L). The incumbent then acquires the entrant, so that vi (L, £)
is the acquisition price (the sum of the entrant’s stand-alone profit and his share of the
surplus). v (¢, L) is the monopolist’s stand-alone payoff, net of the acquisition price.
Finally, the maz-operators take into account the difference between the killer-acquisition
and genuine-acquisition case. Using Lemma 2, we can now restrict the ordering of the

critical projects, which is essential for the equilibrium properties.

Lemma 3. Under laissez-faire, the critical projects must satisfy (i) or (ii):
(i) O3 = 05 < 077 < 07,
(i) O3y = O3 < 07 < 07

Relation (i1) cannot arise in the killer-acquisition case.
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Lemma 3 reveals common properties of all equilibria. First, the projects which the
incumbent is willing to duplicate (i.e., invest in if the entrant also does) are exactly those
which the entrant is willing to duplicate as well; we thus write 62 := 05, = 04,25 Second,
04, < 074, so 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. Intuitively, the
incumbent’s investment reduces the entrant’s probability of receiving a patent.?%

There is a crucial difference between the genuine- and killer-acquisition cases. While
both orderings can arise in the former case, 75 < 4% holds in the killer-acquisition case,
so that case (i7) is impossible. Intuitively, conditional on the other firm not investing, the
entrant is willing to invest in more expensive projects than the incumbent. This reflects
the well-known Arrow replacement effect: An L innovation does not increase incumbent
profits, and her profit increase from the H innovation is lower than the entrant’s, since
without the innovation the entrant receives zero profits. Hence, the entrant’s willingness
to pay to be the sole innovator is greater than the incumbent’s. This will be important
for our result that prohibiting acquisitions has a weakly negative effect on equilibrium
investments. For genuine acquisitions, the incumbent has additional investment incentives,
as the commercialization of non-drastic innovations may increase monopoly profits. Thus,
contrary to the killer-acquisition case, the incumbent’s critical project 62 may lie above
the entrant’s critical project 67 in the genuine-acquisition case, as in ordering (i7). We
will identify the circumstances under which this occurs and discuss the implications of this

observation after Proposition 3 below.

Proposition 1 (Equilibrium Innovation Outcomes). In any equilibrium under laissez-
faire,
(a) the probability of innovation is given by
(i) P(rit,ra) = 02, if Lemma 3(i) applies,
(ii) P(rit,ra) = 02 if Lemma 3(ii) applies,
A

(b) the duplication of innovation is given by D(rit,ra) = 04

In Figure 1, we depict the equilibria arising for each potential ordering in Lemma 3.

All equilibria have in common that both firms invest in all sufficiently cheap projects,

25To understand why, note that 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 rather than obtaining the high monopoly profit with
probability 1/2. If a project delivers an L technology instead, the entrant gains the acquisition price
with probability 1/2 by investing, while the incumbent saves the acquisition price with probability 1/2 by
investing. Thus, the expected benefits of investing (conditional on the other firm investing) are the same
for entrants and incumbents.

26For the incumbent 95‘1 < 91“1 is a result of Condition 1. As mentioned, it allows us to simplify the
exposition of our results but is otherwise inconsequential.
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Figure 1: Equilibrium portfolio of entrant and incumbent for the two cases of Lemma 3: Case
(i) in the left, case (i) in the right plot. 7! is one if firm i invests and zero otherwise. The dashed
lines represent the interval in which exactly one firm invests, but the identity of the investing firm
is not determined.

6 € [0,64], but neither firm invests in the most expensive projects, 6 € (max{6:;, 64}, 1).
Moreover, for all projects 6 in the interval 6 € (65!, min{0%, 6:41)], each firm only wants
to invest if the other one does not, leading to multiple equilibria. In case (i), the entrant
invests in the most expensive project pursued @ € (97}, 6:;]. In case (i4), roles are reversed
and the incumbent invests in the most costly projects pursued 6 € (62, 6:]. The prob-
ability of innovation is thus determined by the firm with the highest incentive to invest
in new projects. At the same time, duplication incentives are the same for both firms
and thus duplication is given by 65'. Whereas (i) and (ii) are both possible with genuine

acquisitions, only (i) arises with killer acquisitions.

5 Innovation Outcomes under the No-acquisition Policy

Firm behavior in the commercialization and market stages is unchanged if acquisitions are
prohibited. In the acquisition stage, by Lemma 1, such a policy constrains behavior only
when the entrant holds a patent for the non-drastic innovation. In this case, under the
no-acquisition policy, v¥ (L,¢) = ng(L,¢) — k and v¥(¢,L) = 7;(¢,L). All other values
: : N (pint gint\ __ ,,A(pint pint int  pint :
are as in Lemma 2, i.e. v (£, t5") = o (], t5"") for (™, ") # (L, () or (¢, L). This

results in new possible orderings of the critical projects under the no-acquisition policy.
Lemma 4. Under the no-acquisition policy, the critical projects have to satisfy (i), (ii) or
(14i):

(i) O3 < 037 < 07 < 07p;

(i) 03 < 05 < 07 < 07;
(iii) 00 < 01 < 05 < 61
Relations (i1) and (iii) cannot arise in the killer-acquisition case.
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Whereas 63 = 05 according to Lemma 3, we now have 02, < 6, so that incentives to
duplicate are always larger for the incumbent than for the entrant. Intuitively, investing in
the same project as the entrant allows the incumbent to patent the non-drastic innovation
instead of the entrant and thus avoid competition with positive probability. Moreover,
by Assumption 1(iv), the incumbent’s gain from avoiding competition is always larger
than the entrant’s profits when entering with a non-drastic innovation. Otherwise, the
relations between critical projects are the same as under laissez-faire. This is also true for
the ordering which holds only in the killer-acquisition case, 8 < 62,, which implies that

orderings (i7) and (i77) can only arise in the genuine-acquisition case.

Proposition 2 (Equilibrium Innovation Outcomes). In any equilibrium under a no-acquisition

policy:
(a) The probability of innovation is given by

(i) P(r¥,r¥) = 0N if Lemma /(i) applies.
(i1) P(r¥,r¥) = 0N if Lemma 4(ii) or (iii) applies.

(b) The duplication of innovation is given by D(r¥, ri¥) = 65.

Proposition 2 is a direct implication of the equilibrium R&D investments under a no-
aquisition policy, which can be found in the proof in Appendix Section A.3.3. Again, in
Figure 2, we depict equilibria arising in each potential ordering in Lemma 4. The equilib-
rium R&D investments have many similarities to those arising under laissez-faire. Again
both firms invest in the cheapest projects, while no firms invests in the most expensive
ones. However, the set of projects that both firms invest in is now determined by the
entrant’s duplication incentives. For all intermediate projects one firm invests, either the
entrant or the incumbent. As with laissez-faire, in the killer-acquisition case, it will be the
entrant who invests in the most costly projects, while the possibility that the incumbent

pursues the most costly projects only arises in the genuine acquisition case.

6 Prohibiting Acquisitions

We now analyze the effects of prohibiting start-up acquisitions. In Section 6.1, we show
that this policy weakly reduces the equilibrium project variety and innovation probability.
Section 6.2 analyzes how the size of this effect depends on the market environment. In

Section 6.3, we discuss the effect of the policy on R&D duplication.
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Figure 2: Equilibrium portfolio of entrant and incumbent for the three cases of Lemma 4: Case

(i) in the left, case (ii) in the middle, case (iii) in the right plot. 7 is one if firm 7 invests and

zero otherwise. The dashed lines represent the interval in which exactly one firm invests, but the
identity of the investing firm is not determined.

6.1 The Effect on the Probability of Innovation

Based on Propositions 1 and 2, the size of the policy effect on innovation probability is
Ap = PA — PN = max{6:,, 04} — max{0),, 0N }. Our next result characterizes the sign
of Ap.

Proposition 3. Consider the no-acquisition policy.

(i) In any equilibrium, the probability of innovation is weakly smaller than in any equi-

librium under laissez-faire.

(ii) The policy has no effect on the innovation probability in the genuine-acquisition case
if 07, < 0. Otherwise, the effect is strictly negative.

Proposition 3 shows that restricting acquisitions never increases the probability of inno-
vation. However, (ii) highlights a crucial difference between genuine and killer acquisitions.
The policy effect is strictly negative in the latter case, but not necessarily in the former.
This reflects two simple observations. First, 1, < 62_: Prohibiting acquisitions reduces
the entrant’s expected payoff from R&D investments, since he cannot sell the firm. Second,
02 = 0N =: 0, If the entrant does not invest in the correct project, there is no reason to
acquire him, so that the policy does not affect #;;. Only three possible orderings for 6;;

and the entrant’s critical projects 2%, and 0}, are compatible with these two observations:
(1) 017 < O < 07
(IT) 6% < 6017 < 07
(D) 6N, < 0, < 6y;.

When (I) or (II) applies, 075, which reflects the entrant’s incentives, determines the equi-

librium innovation probability under laissez-faire. A ban on acquisitions weakens these
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incentives and therefore reduces the innovation probability to 6% under ordering (I) or to
61 under (II). Figure 3(I) and 3(II) illustrate these two cases, respectively. When (III) ap-
plies, 01; determines the equilibrium innovation probability in both policy regimes. Hence,
as illustrated in Figure 3(III), a prohibition of acquisitions has no effect. Importantly,
ordering (IIT) only applies when acquisitions are genuine, which implies that the policy

effect is strict for all killer acquisitions.

Ap >0
R 01 on m 1
Ap >0
II ; + + + {
g oN b1y i 1
Ap =0
) ; ; | ‘
0 o, o2, 011 1

Figure 3: The effect of prohibiting acquisitions on innovation probability.

Proposition 3(ii) gives a condition under which a prohibition of acquisitions has no
innovation effect at all, coinciding with case (i) in Lemma 3 (depicted as case (III) in
Figure 3).2" Note that 6;; > 61 if and only if (1 — p)v(L,0) —v(¢,0) > (1 —p)va(L, £).
Proposition A.2 in Appendix A.4.2 expresses this condition in terms of fundamentals. We
find that a necessary condition for the absence of an innovation effect is that 7y (L,0) —
71 (£,0) > 7g (L, 0), so that a non-drastic innovation would increase incumbent monopoly
profits by a large amount, while the entrant’s profit under duopoly competition has to be
relatively low (competition is intense or biased against the entrant). We also show that,
once this profit condition holds, the innovation effect will be zero if commercialization
costs k, the entrant’s bargaining power 5 and the probability p of a drastic innovation are

sufficiently low.

6.2 The Size of the Effect on Innovation Probability

As an input into our subsequent policy discussion, we analyze how the market environment
determines the size of the innovation-reducing effect of restricting acquisitions, focusing

on the region where orderings (I) and (II) apply, so that the effect is non-zero.

27 An alternative, and much more evident, condition would be 8 = 0, as then the entrant does not gain
from being acquired. We have excluded this possibility by assuming 8 > 0 to show that, even with the
entry-for-buyout logic, the innovation effect may be zero under certain conditions.
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Proposition 4. Suppose that 017 < 0i. Consider any equilibrium under a laissez-faire
policy (rit,r4) and any equilibrium under the no-acquisition policy (r¥,r¥).

The size of the policy effect Ap is
(i) strictly increasing in entrant bargaining power 3,
(i) strictly decreasing in the incumbent’s profits under competition w;(¢, L) and

(iii) strictly decreasing in the entrant’s profits under competition (L, 0) if 617 < 0N,

but strictly increasing if 02 < 01;.

This result shows under which circumstances the innovation effect is important. To
understand it, recall that in both policy regimes the variety of research projects is deter-
mined by the most expensive project any firm is willing to invest in, so that, for f;; < 62,
Ap = 02, — max{OV,,0,;}. Thus, the effect of a parameter on the loss of innovation
probability is equivalent to its effect on the difference between these critical projects.

An increase in the entrant’s bargaining power (3 increases his payoff after an acquisition
and thus 0{5,.2 The change neither affects 0, (since acquisitions are not allowed) nor
017 (since there is no acquisition if the entrant does not innovate). Combining these
observations, an increase in [ strictly increases Ap. Next, an increase in the incumbent’s
profits under competition 77 (¢, L) neither affects 62V, nor 6, but it reduces the acquisition
surplus and therefore decreases 6:.. The overall effect is a strict reduction in Ap. Finally,
the effect of an increase in the entrant’s duopoly profit wg(L,¢) is more subtle, because
mr(L, £) increases both 0, and 01, but the increase is greater for 6.

To summarize, Proposition 4 shows how the loss of variety depends on bargaining power
and the intensity of potential competition as captured by duopoly profits. This result is a
useful ingredient in the policy analysis, as it identifies circumstances in which competition
authorities can implement a more restrictive acquisition policy without substantial negative
effects on innovation. However, this does not mean that interventions are necessarily more
desirable in those circumstances, as the positive pro-competitive effect may also be smaller.

We provide a more detailed policy discussion in Section 9.

6.3 The Effect on Duplication

The acquisition policy not only affects variety and thereby the probability of innovation,
but also the duplication of innovation. Based on Propositions 1 and 2 the policy effect on

duplication is Ap := DA — DN = 95! — 6.

Proposition 5. Consider the no-acquisition policy. In any equilibrium, the duplication of

innovation is strictly smaller than in any equilibrium under laissez-faire.

28While we do not model the sources of bargaining power explicitly, the analysis of Gans and Stern
(2000) suggests that it could, for instance reflect intellectual property rights.
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Proposition 5 shows that a restrictive acquisition policy always leads to a reduction in
duplication of innovation in equilibrium. Equilibrium duplication is determined solely by
the entrant’s incentive to duplicate. To understand this, consider the no-acquisition policy.
Here, the entrant’s incentives to duplicate are always below the incumbent’s, 657 < 62 (see
Lemma 4). Under the no-acquisition policy, for projects above the entrant’s critical project
6, it is never optimal for the entrant to invest if the incumbent invests, so the fact that
the incumbent’s incentives are larger than under laissez-faire does not affect duplication.
Thus, the proposition will be true if 65, < 5., which is always the case. Ultimately, a ban
on acquisitions always has a strictly negative effect on the entrant’s incentive to duplicate,
because a ban eliminates the prospective gains from selling the firm.

The negative effect of prohibiting acquisitions on equilibrium duplication prevails de-
spite an increase in the incumbent’s incentive to duplicate. Intuitively, if the entrant invests
in a project, the incumbent gains more from duplicating it under a no-acquisition policy
than under laissez-faire: Without the acquisition option, own investments that duplicate
the entrant’s research are the only means of preventing competitive entry.

By investigating R&D portfolios rather than just total R&D efforts, we can distinguish
between innovation investments for duplicative projects and new projects. The assump-
tion that the incumbent can patent her innovation makes acquisitions and innovations
substitutes for the incumbent. Thus, prohibiting acquisitions increases incumbent R&D
effort in a model with one-dimensional effort choice, but the above analysis shows that this
increase is driven exclusively by duplication incentives which do not necessarily translate
into an increase in innovation investment. As the example in the introduction shows, a

model with a one-dimensional effort choice cannot capture such strategic project choices.

7 Alternative Policies

Preventing incumbents from acquiring start-ups who produce close substitutes can poten-
tially foster competition, but it may hurt innovation. The above analysis suggests that
there are circumstances in which it is beneficial to intervene, but translating these circum-
stances into criteria which are readily applicable for competition authorities is non-trivial.
In the following, we therefore analyze alternative policies that are not contingent on details
of the environment, but nevertheless not as crude as outright prohibitions, as their inten-
sity can be adjusted to societal preferences. Even though the effects of these policies differ
in detail, they share the common attractive feature that they only prevent acquisitions of
entrants who would obtain relatively high stand-alone profits, suggesting they would be
viable competitors. Moreover, four of the five policies lead to innovation outcomes that

are between those under laissez-faire and a no-acquisition policy, respectively.
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7.1 Behavioral Remedies

Rather than prohibiting acquisitions completely, competition agencies often impose reme-
dies on the acquiring firm. We consider two possible approaches. The first approach only
affects genuine acquisitions and has no effect on killer acquisitions, whereas the second

approach only has a bearing on killer acquisitions.

7.1.1 Restrictions on Technology Usage

A behavioral remedy could inhibit the use of the startup’s technology by the incumbent.
For instance, the EU only accepted Google’s recent acquisition of Fithbit conditional on
licensing requirements and limitations on data usage. While the reasons for picking this
specific remedy were most likely orthogonal to what we discuss here,? restricting technol-
ogy usage presumably has adverse profit effects on the acquiring firm when the acquisition
is genuine. To capture this, we assume that the incumbent’s market profit after an ac-
quisition and commercialization of technology L is pm;(L,0) where p € [0,1). Lower p
implies more stringent remedies, with p = 1 corresponding to a laissez-faire policy. The
remedy only affects business operations that are related to the acquired technology, so
that the incumbent can use her existing technology ¢ without restrictions, securing herself
a post-acquisition market profit of at least 7;(¢,0) independently of p. If the incumbent
discovers technology L herself, there is no reduction in market profits, as remedies are only
imposed in case of an acquisition. Denote with 67, the critical value k € {1,2} of firm ¢

when the remedy is p € [0,1). We now characterize the effects of imposing such a remedy.

Proposition 6 (Restrictions on technology usage). In the killer-acquisition case, restric-

tions on technology usage do not affect critical values. In the genuine-acquisition case,

(1) If 7r(£,0) < w(L,0) —k+m(¢, L) and p < %, then all critical values are

tdentical to those under a prohibition and the incumbent never acquires the entrant.

(ii) Otherwise, the critical values lie between those with laissez-faire and prohibition
of acquisitions and the incumbent acquires the entrant with an L innovation. If
71(6,0) > mp(L,l) — k +m(¢, L) and p < ﬂ;se(’g?g)”, then, in contrast to the case
without remedies, the incumbent does not commercialize the innovation after acqui-

sittons.

(i) shows that strong remedies prevent genuine acquisitions of entrants with high stand-
alone profits. For entrants with low stand-alone profits (ii), the remedy leads to innovation
strategies that are between those under prohibition and those under laissez-faire. Apart

from not addressing killer acquisitions, remedies have another negative effect: They turn

29Tn the case at hand, the EU was concerned with the network effects generated by a data monopoly.
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some genuine acquisitions into killer acquisitions when the incumbent’s benefit from com-
mercializing technology L is not too much larger than x, so that, with the remedies,

commercializing technology L is no longer worthwhile.

7.1.2 Prohibition of “killing”

Alternatively, competition policy could prevent incumbents from shutting down acquired
entrants.®® Such a remedy would cause the incumbent to forgo some acquisitions that she
would otherwise pursue. Our next result characterizes the innovation effect of this policy;

we use 07K for the critical values when killing is prohibited.

Proposition 7 (Prohibition of “killing”). In the genuine-acquisition case, prohibition of

killing has no effect. In the killer-acquisition case,

(i) If m;(L,0) — m;(¢, L) < wp(L, L), then all critical values are identical to those under

a prohibition, and the incumbent never acquires the entrant.

(i1) Otherwise, the critical values lie between those with laissez-faire and prohibition of
acquisitions. The incumbent acquires the entrant with the L innovation, but, in

contrast with the case without remedies, commercializes the innovation.

When the policy has an innovation effect, it resembles the previous remedy: It prevents
acquisitions of entrants with high stand-alone profits (i), and, for entrants with low stand-
alone profits, it leads to innovation strategies between those under prohibition and those
under laissez-faire (ii). Clearly, (killer) acquisitions that are not prevented are turned into

genuine acquisitions, which may be the primary intention behind such a policy.

7.2 Fiscal Policies

The goal of inducing start-ups to compete with instead of sell out to the incumbent could be
achieved by fiscal policies, as suggested by Lemley and McCreary (2021), who group such
policies into “sticks” and “carrots”. “Sticks” reduce the profitability of acquisitions, while
“carrots” aim at increasing the profitability of market entry for start-ups. We consider one
specific policy of each type and show that, even though these policies may affect acquisition

incentives in a similar way, there are important differences in ez-ante innovation effects.

39Tn practice, this would require competition authorities to conduct ex-post reviews to evaluate
whether shutting down would constitute a monopolization/abuse of dominance offence. Although not
common, this is sometimes done. For instance, after Mallinckrodt’s subsidiary Questcor acquired the
rights for Synacthen from Nowartis, the FTC successfully took the firm to court for anti-competitive
behavior, which was manifest in excessive prices (https://www.ftc.gov/system/files/documents/cases/
170118mallinckrodt complaint _public.pdf). For a broader discussion of conceivable policy responses,
see OECD (2020).
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7.2.1 Taxing Acquisitions and Prohibiting High-Price Acquisitions

One specific “stick” affecting the relative profitability of acquisitions and market entry is an
acquisition tax 7. Since it is the acquisition price that is subject to a tax, it only affects the
bargaining surplus. Starting from a pre-tax value which we denote as B, the bargaining
surplus falls to some B” as a result of the tax. We show how the critical values 67, under

a tax 7 depend on the characteristics of the start-up and the market environment:

Proposition 8 (Taxing acquisitions).

(i) If 7 > #;@—m then all critical values are identical to those under a prohibition,

and the incumbent never acquires the entrant.

(i) If0 < 7 < ﬁ%_ﬁ then the critical values lie between those under the laissez-faire
and the no-acquisition policy, and the incumbent acquires the entrant with the L

mnovation.

Intuitively, (i) the tax is equivalent to a prohibition of acquisitions if it is so high that
even at the minimal acceptable acquisition price (which is equal to the entrant’s outside
option), the tax bill would be higher than the bargaining surplus. This happens when
wg(L,¢) — K, the entrant’s profit net of commercialization cost, is high. By contrast (ii),
for lower taxes acquisitions of entrants with technology L still take place. The firms’
innovation strategies are affected in the same direction, but not to the same extent as
under a prohibition of acquisitions. Therefore, compared with a prohibition, a tax results
in a smaller negative innovation effect for entrants with low stand-alone profits, but it only
prevents acquisitions of entrants with high stand-alone profits.

A very similar logic applies when considering a ban on acquisitions above a certain
transaction price, as suggested by Fumagalli et al. (2020). Such a policy would lead to a
prohibition if the maximum price allowed is below the entrant’s outside option, i.e., his
stand-alone profit. As long as this maximal transaction price is above the entrant’s outside
option, the acquisition goes through. However, when it is below the acquisition price
under laissez-faire, the entrant can skim less of the bargaining surplus.' Still, compared
to a full prohibition, a ban on acquisitions with high transaction prices will also result
in a smaller negative innovation effect. In contrast to the acquisition tax, however, the
incumbent, instead of the public, pockets the difference between the acquisition price with

and without the policy. An advantage of using a threshold on the transaction price relative

31Since this policy directly affects the feasible distributions of the bargaining surplus, different bar-
gaining protocols would result in different final acquisition prices. We opt for the acquisition price which
is closest to the division of the bargaining surplus which would have realized in the absence of the max-
imum transaction price policy. Alternatively, the final acquisition price could lie anywhere between the
entrant’s outside option and the maximum allowed transaction price. This would lead to results which
are qualitatively similar, but innovation incentives of the entrant would generally be even lower.
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to an acquisition tax is that the former is more transparent about which acquisitions are
effectively banned. The formal statement of our results can be found in Proposition B.1
in Appendix B.1.4.

7.2.2 Increasing Profitability of IPOs

As an alternative to acquisition taxes, Lemley and McCreary (2021) suggest “carrot” poli-
cies to make initial public offerings (IPOs) more attractive, such as lower taxes on IPO
gains or a quicker and more straightforward IPO process.*> We operationalize such policies
by supposing that the net profit of the entrant is given by nmr(H) and nrg(L, ), where
1n = 1 represents the status quo and 1 > 1 represents the preferential IPO policy. For
i €{I,E} and k € {1, 2}, denote the critical value when the IPO policy is > 1 with 6}’

The following result shows the effect of such a policy.

Proposition 9 (Increasing Profitability of IPOs). Consider an IPO policy (n > 1).

B +’7TE(L7€)

(i) The incumbent acquires the entrant with the L innovation if and only if n < (L. 0)
TE )

(i1) All critical values lie weakly above those under the laissez-faire policy.

According to (i), similarly to an acquisition tax and behavioral remedies, a preferential
IPO treatment would prevent acquisitions of entrants with high stand-alone profits. By
(i), policies that increase the profitability of IPOs would increase the entrant’s incentives
to invest in both variety and duplication of R&D. This is not surprising, as more profitable
IPOs increase the entrant’s payoffs no matter whether an acquisition takes place or not.
A more subtle effect of preferential IPO treatment is that it increases the incumbent’s
incentive to duplicate R&D projects, because higher entrant payoffs increase the acqui-
sition costs. Since the entrant’s duplication incentives increase as well, preferential TPO

treatment would unambiguously increase research duplication.

8 Robustness

Dropping Condition 1 Condition 1 is equivalent to 6 < 0. An important
implication of this condition is that the incumbent’s incentive to invest into new projects
is always larger than her incentive to invest into duplicate projects. Thus, it eliminates
the possibility of project intervals where the incumbent would like to invest if the entrant

does, but would not like to invest if the entrant does not. If such an interval exists and is in

32Companies already try to avoid the complicated IPO process by merging with blank-cheque companies
known as Spacs. The number of such deals has exploded in 2020 and 2021 to potentially worrying levels.
For example, see “Spac boom eclipses 2020 fundraising record in single quarter”, O. Aliaj and A. Kasumov,
Financial Times, March 17, 2021, (https://www.ft.com/content /321400c1-9c4d-40ac-b464-3a64clcdcal0).
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a range where the entrant only wants to invest if the incumbent does not, an equilibrium
with binary investment decisions in pure strategies does not exist. In Appendix Section
B.2 we list the main results in an alternative model where we circumvent this problem by
allowing for continuous investment decisions. There, firms can not only choose in which
projects to invest, but also how much to invest, i.e., 7;(f) € [0, 1]. Because such a modified
model leads to complex equilibria with intermediate investment choices, the probability
of innovation is not perfectly pinned down by project variety anymore. Nonetheless, both
concepts are closely related, so that most results still go through. The only caveat is
that, for duplication (Proposition 5), Condition 1 is not entirely without loss of generality.
Here, equilibria with intermediate project choice may result in an increase in duplication
as a result of a ban on acquisitions. Statements of the formal results that do not rely on
Condition 1 can be found in Appendix B.2. Since Condition 1 is not necessary for our

next results, we drop it in the remainder of the paper.

Monotone Relationship Between 6 and p Costly projects may be more innova-
tive and thus yield a drastic innovation with higher probability. Our results are robust
to such heterogeneity. We now suppose the probability of a drastic innovation p(6) is an
increasing function of 6, p : [0,1) — [0, 1), which is continuous, differentiable and concave.
Keeping all remaining assumptions as in the main model, Proposition B.2 in Appendix
B.3.1 establishes that prohibiting acquisitions still reduces innovation probability. While
the effects refer to any innovation, the fact that, as before, banning acquisitions induces en-
trants to stop investing in the most expensive projects in their portfolio gives the result an
interesting twist: The policy reduces drastic innovations relatively more than non-drastic
innovations. Hence, in addition to reducing the overall innovation probability, banning

acquisitions changes the direction of the remaining projects away from drastic innovation.

Uncertainty at the Time of Acquisition In our model, before entering acquisi-
tion negotiations, both firms know whether the innovation is drastic or not. In practice,
this may be difficult: Extensive testing may be necessary to identify cost savings or qual-
ity improvements. We show that the effects of prohibiting an acquisition remain similar
if the technology level of an innovation is uncertain at the time of the acquisition. We
maintain the setting of Section 3, but assume that only the correct project is revealed at
the end of the investment stage, not its technology level. Thus, interim technology states
(¢t ity € {(0,0),(0,1),(1,0)} are realized, where 1 indicates that the firm received a
patent and 0 indicates that it did not. After the acquisition stage, the technology of the
correct project is realized as L or H. Thereafter, firms decide on commercialization, before
the final technology states (tfm, tém) € T are realized. Everything else remains as before.

Proposition B.3 in Appendix B.3.2 shows that, irrespective of the policy regime, uncer-
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tainty does not affect equilibrium investments and thus does not change the policy effect.
However, uncertainty does influence the frequency of acquisitions. The incumbent will
acquire the entrant irrespective of the technology level of the latter’s innovation because
the expected surplus at the time is positive, since it is a convex combination of a positive

acquisition surplus with technology L and no acquisition surplus with technology H.

Asymmetric Chances of Receiving Patents = We show that the variety of pursued
investment projects is invariant to the assumption that firms are equally likely to receive
the patent after simultaneous discovery. Let the probability of receiving the patent be
ar € (0,1) for the incumbent and (1 — ay) for the entrant.® Proposition B.4 in Appendix
B.3.3 shows that, regardless of aj, banning acquisitions weakly reduces the innovation
probability. Furthermore, the size of the policy effect is independent of a;. Therefore,
the results on the relation between parameters and the size of the policy effect identified
in Proposition 4 are also robust to changes in a;. This holds because «; matters only
when both firms discover an innovation. Thus, it affects duplication incentives, but not
the incentives to invest in projects in which the competitor is not investing. Since variety
is given by max{6,g, 01}, it is not affected by «a; in either policy regime, so that the size

of the policy effect does not depend on aj.

Heterogeneous Commercialization Costs Due to a better infrastructure or a
more developed sales network, the incumbent might be able to commercialize the inno-
vation at a lower cost x; than the entrant (kg). Adjusting Assumption 2, we suppose
me(L,0) > kg and w(H) — m7(¢,0) > k7. We focus on the killer-acquisition case, so that
7r(L,0) — m(¢,0) < k;. We add the innocuous assumption that mg(L,¢) < 7/(L,0), re-
quiring that, with an L-technology, the monopolist would obtain market profits at least
as high as the entrant would from competing against technology £.3* Proposition B.5 in
Appendix B.3.4 shows that banning acquisitions reduces the innovation probability. A
prohibition of acquisitions now results in an additional inefficiency, as it forces the entrant
to commercialize the H-technology using the cost kg instead of letting the incumbent

commercialize it at the lower cost k;.

Licensing of Innovation Suppose now that a firm with the better technology can
sign a licensing contract with the other firm, which allows the other firm to also use the
superior technology. Such a contract could in principle be complex, and could include a
fixed-fee component, a per-unit royalty payment, an ad valorem royalty payment or some
combination of all three. Which contract the firms eventually sign will depend on the le-

gal and informational environment, which determine what contracts can be enforced. We

33The main model corresponds to ay = 1/2.
34We do not rely on this natural assumption in the main model, which is why we only add it here.
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capture the richness of licensing environments by modelling the profits following licensing
negotiations in reduced form. We maintain the assumption that competition decreases
joint profits even when licensing is possible. In Appendix B.3.5, we show that licensing
can only occur (but does not have to occur) if the entrant discovers the innovation L.
Otherwise, there is always a potential monopolist, who would only expose herself to com-
petition by entering into a licensing agreement. Moreover, if Assumptions 1 and 2 hold for
the market profits in the game without licensing, they also hold for the (modified) market
profits in the game with licensing. Thus, our analysis can be directly applied to the game

with licensing and qualitatively the insights remain unchanged.

Multiple Entrants We now sketch why the effects of a restrictive acquisition policy
on innovation should not change substantially with multiple entrants, without going into
details of equilibrium existence and characterization. We focus on the killer-acquisition
case, assuming there are two entrants. Compared with the main model, the analysis
changes mainly because firms need to consider that two competitors might invest in some
project, which reduces the probability of obtaining a patent. To capture the willingness to
invest in such projects, we define critical projects 3; in a similar way as 61; and 6,;. Clearly,
O3; < 6o, reflecting the lower probability of obtaining a patent when three rather than two
firms invest. Crucially, the number of entrants does not affect 6;; and 6;. Therefore, the
highest critical value is still #;g, no matter which policy regime applies. Moreover, in any
equilibrium, for any project # < 6,5 at least one firm invests a positive amount. Thus, as
in the main model, the entrants’ critical projects determine variety. Therefore, the policy

effect on variety remains the same with multiple entrants as with a single entrant.

Continuum of Technological States The main effects of our model with two pos-
sible innovation outcomes, L or H would be present in a more complex model with a
continuum of technological states. Without a formal analysis, we provide an outline of an
argument that shows why this is the case. Suppose that the set of possible technological
states was given by R, where a higher value ¢t € R, represented a better technology,
where the likelihood that a successful innovation results in a technology ¢ € R, is given
by a density function p(). Assuming further that m;(¢;,¢;) is a continuous function and
adjusting Assumptions 1 and 2(ii) where needed, we would find cutoff values L (the low-
est technology that the entrant would commercialize), ¢ (the lowest technology that the
incumbent would commercialize) and H (the lowest drastic technology).

While it is natural to assume that H > L and H > /, the ordering of L and { is ex ante
unclear. If L < £, then the space of possible technological states would be divided into four
regions. For ¢t € (0, L), the innovation is of such a low value that the entrant would not

be feasible on its own, and the incumbent would not have an incentive to acquire it. The
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behavior in any subgame after an innovation ¢t > L follows directly from our analysis: in
the interval (L, £), it corresponds to the killer-acquisition case, in the interval (¢, H) to the
genuine-acquisition case, and any innovation ¢ > H corresponds to a drastic innovation.
The overall effects of restrictive policies towards acquisitions would depend on the density
p, but would be qualitatively similar to the effect we find in the main model.

One effect that our main model does not capture would occur if the ordering was
¢ < L < H. In this case, killer acquisitions never happen. Instead, for any innovation
t € (¢, L), the entrant would not be viable on its own, yet the incumbent would be willing
to acquire the entrant and to commercialize the technology. For this ordering, a restrictive
policy would have an additional negative effect — when the entrant discovers a technology
t € (¢, L), the entrant would fail and that innovation would not be commercialized, which

would have been the case following an acquisition.

9 Policy Discussion

Merger analysis usually weighs potential efficiency gains against the reduction in compe-
tition. In this section, we focus on the trade-off between ex-post competition and ex-ante
innovation effects instead, while acknowledging that other merger efficiencies may also ex-
ist. Though we did not make the effects of competition on consumer surplus explicit in the
above analysis, we will base the following discussion on the innocuous assumption that,
for any fixed technology level, consumers benefit from entry.?®

We start by noting that the trade-off is absent in some situations. Aside from the trivial
case that the pro-competitive arguments for a prohibition are absent if the incumbent is
needed to commercialize the innovation (ruled out by Assumption 2), we identified the more
interesting possibility that a prohibition has no adverse innovation effects. As discussed
at the end of Section 6.1, a necessary condition for a zero innovation effect is that a non-
drastic innovation would result in a large increase of the incumbent’s monopoly profit,
while the entrant’s duopoly profit is low (competition is intense or biased against the
entrant). This condition appears plausible in an industry where the incumbent benefits
from network effects, making it hard for the entrant to stand on his own feet. Once this
profit condition holds, the innovation effect will be zero if commercialization costs, the
entrant’s bargaining power and the probability of a drastic innovation are sufficiently low.
Then, the anti-competitive effect of an acquisition suffices to justify an intervention. Even
when the prohibition of acquisitions impedes innovations, this is not always detrimental to
consumers: Under the conditions of the killer-acquisition case (high commercialization cost
and low effects of the innovation on monopoly profits), if the chances of a drastic innovation

are negligible (p = 0), any innovation in the laissez-faire case would be non-drastic and

35Gee Section B.4 for a precise formalization of this assumption.

27



would therefore never reach the market. Prohibiting acquisitions is thus justified.3°

When there is an innovation effect, the trade-off depends on policy objectives and the
market environment in a subtle way. Proposition 4 illustrates the conditions influencing
the size of the innovation effect. For instance, it implies that a reduction in the entrant’s
bargaining power reduces the innovation effect of a prohibition. As it has no effect on
the standard pro-competitive effect, prohibiting innovations is unambiguously more likely
to increase consumer surplus when f is low. Furthermore, in the killer-acquisition case,
an exogenous reduction in the entrant’s duopoly profits (L, ) increases the size of the
adverse innovation effect. However, low entrant profits may reflect more intense compet-
itive interaction between the firms and therefore a higher consumer surplus relative to
the monopoly case. Thus, the gains from maintaining competition might also be particu-
larly high in this case. In Appendix B.4, we discuss these trade-offs in more detail, using
standard differentiated Bertrand and Cournot models. The analysis suggests that, from
a consumer perspective, the net gains from prohibiting acquisitions (competition effects
minus innovation effects) tend to become smaller as the entrant’s bargaining power and
the intensity of competition (as captured by the degree of substitution) increase; however
only in the Cournot example do they ever become negative.

One might therefore conclude that competition authorities should intervene selectively,
depending on market characteristics. However, doing so would require precise information,
which the agencies might lack. Some of the alternative policies discussed in Section 7 might
be advantageous in this respect. Importantly, these policies would prevent acquisitions
only in those circumstances when an entrant would earn substantial stand-alone profits,
suggesting that he would be a viable competitor. There are pitfalls, however. Remedies
that limit the profits that an incumbent can obtain by using the entrant’s technology
are potentially problematic as they do not address the problem of killer acquisitions and,
in some cases, even transform genuine acquisitions into killer acquisitions. Conversely,
prohibiting the “killing” turns killer into genuine acquisitions, but similarly decreases in-
novation incentives and may be difficult to enforce. A more promising approach would be
an acquisition tax, which would be easier to implement than prohibiting “killing” while still
preventing acquisitions of entrants with high stand-alone value. Another promising policy
would be to increase profitability of IPOs, perhaps through lower taxes on IPO profits.
Unlike other policies we discussed, this would increase incentives to innovate.?” Finally, a
combination of policies (for example, a tax on acquisitions and a lower tax on IPO profits)
could result in a better outcome than any single policy. Our model provides a framework

for the analysis of such combined policies.

36Such losses do, however, potentially arise if p > 0: Then, by reducing the entrant’s variety of projects,
prohibiting the acquisition reduces the chances of occasionally obtaining a breakthrough innovation in this
case.

370Of course, a possible cost of such a policy is that it leads to lower tax revenues.
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Obviously, this policy discussion is limited by the assumptions of our framework. For
example, we have not treated the possibility that there are multiple incumbents, which
could lead to the possibility that firms acquire entrants to avoid that competitors have
access to their technology. Further, our analysis does not directly apply to the interesting
case where an incumbent in one market acquires a start-up that has recently entered a
related market which the incumbent cannot serve with her existing technology. Moreover,
our approach focuses on the short-run policy effects. In the long term, rather than merely
killing a potential entrant, the incumbent can combine the knowledge of the two firms to
expand its technological lead, which is likely to make entry ever more difficult. It would
be interesting to analyze how incumbents and potential entrants target their innovation
activities when entry can take place repeatedly and 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 becomes too hard for entrants
to compete? While these questions are beyond the scope of the current paper, our analysis
suggests that to answer them it would be expedient to take the policy effects on project

choice into account, rather than only the effects on the overall innovation level.

10 Conclusion

Recently, there has been a heated debate on the policy towards start-up acquisitions, with
particular emphasis on innovation effects. Motivated by this discussion, we provide a the-
ory of the strategic choice of innovation projects by incumbents and start-ups which allows
for endogenous acquisition and commercialization decisions. We use this framework for
a policy analysis. We first find that prohibiting start-up acquisitions weakly reduces the
variety of research projects pursued and thereby the probability of discovering innovations,
and that it may induce the incumbent to strategically duplicate the entrant’s projects to
prevent competition. However, our analysis shows that the negative innovation effect of
prohibiting acquisitions may well be absent for innovations with high commercialization
potential. Even for less attractive innovations that the incumbent would not want to
commercialize, the adverse innovation effects may be negligible, for instance, if the en-
trant has low bargaining power and the incumbent’s duopoly profits are high, so that the
competition-enhancing effect of prohibiting acquisitions is likely to dominate in this case.
However, an approach that conditions on details of the market environment is arguably
impractical, as it imposes heavy informational requirements on competition authorities.
Our analysis suggests that a useful alternative might be to rely on policies that weaken
the incentives for acquisitions, while leaving the details to the market. Suitable remedies,
acquisition taxes and preferable treatments of IPOs would make sure that acquisitions

only arise in marginal cases where the entrant would not be very strong on its own.
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A Appendix

A.1 Proof of Lemma 1 (Acquisition Subgame)

Consider first the commercialization subgame. The entrant commercializes a technology
if the payoff from doing so is at least zero. Since mg(L,¢) > r by Assumption 2(i) and
m(H) > k by Assumptions 1(i) and 2(ii), the entrant commercializes both technologies.
The incumbent commercializes a technology if the payoff of doing so is at least 7;(¢,0).
Since m(H) — k > 77(£,0) by Assumption 2(ii), the incumbent always commercializes the
H technology. The incumbent commercializes the L technology if and only if (L, 0) —
wr(¢,0) > K.

Now consider the acquisitions subgame. 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 reason 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 7;(¢, H) = 0. With the acquisition, the incumbent commercializes the
technology and obtains the payoff 7(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 wg(L,¢) — k, while the
incumbent’s payoffs are 7;(¢, L). If the incumbent acquires the entrant and commercializes
the technology, she obtains 7;(L,0) — k, while without commercialization she obtains
77(¢,0). Thus she will choose to commercialize only if 7;(L,0) — x > m;(¢,0). The
incumbent’s payoff is max{n;(L,0)—k, 7;(¢,0)}, while the entrant obtains a payoff of zero.
Consequently, the acquisition surplus is positive if and only if max{w;(L,0)—x,m;(¢,0)} >
wg(L,0)+ (¢, L) — k. We can add & to both sides of the inequality and use Assumption
1(iv) to show that this inequality indeed holds:

max{m;(L,0),7;(¢,0) + k} > max{m;(L,0),7;(¢,0)} > 7p(L,{) + 7;(¢, L).
A.2 Proofs of the Order of Critical Projects (Lemmas 3 and 4)

A.2.1 Proof of Lemma 3

The result will follow immediately from Steps 1 and 2 below.
Step 1: (a) 05, = 05, (b) 05 < 07 and (c) 63 < 0.
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(a) To prove this statement, note that v{(H) = va(H). Thus

C(031) = 5 [pvp(H) + (1 = p) (v (L, 0) = vi' (¢, L))]

[poi(H) + (1 = p)vp(L, 0)] = C(bsy)

NSRS NN

(b) Since C(62;) < C(04), part (b) of Step 1 follows immediately.
(c) 04, < 67 if and only if C(64,) < C(03}) or equivalently

1

5 [Por (H) + (1= p) (o7 (L,0) = o7 (¢, L))] < poif (H) + (1 = p)or (L, 0) = 07 (€, 0) &
207(€,0) = (1 = p)v;'(L,0) — pv7 (H,0) < (1 = p)v7 (L, L)

Note that Condition 1 can be rewritten as:
207(€,0) — (1 — p)vi(L,0) — pvj (H,0) < (1 — p)ms(¢, L).

Moreover, Assumption 1(iv) implies that v{}(¢, L) > 7;(¢, L). Therefore, the result follows.
Step 2: In the killer-acquisition case, only 04 < 04, is possible.

To see this, note that in the killer-acquisition case, max{m;(L,0)—~x, 7(¢,0)} = m;(¢,0)
has to hold, so that v (L,0) = v#(¢,0). Then 67, < 67 if and only if C'(0}) < C(65%;) or

equivalently

pui(H) + (1 = p)vi(L,0) — v (£,0) < pup(H) + (1 = p)op(L, ) <
_pvf(& O) < (1 —p)vg(L,E),

which always holds.

A.2.2 Proof of Lemma 4

Step 1 shows that the critical projects have to satisfy orderings (i), (i) or (ii7) and Step
2 shows that (i7) or (ii7) cannot arise in the killer-acquisition case.
Step 1: (a) 05, < 08, (b) 0, < 0N, and (c) 65, < ON.

(a) Note that v (H) = vN(H). 65, < 0% holds if and only if C(60;) < C(6)) or

equivalently

v (L, 0) < v (L,0) — oM ((, L) &
(L, 0) — k < max{m;(¢,0),7;(L,0) — k} — m({, L)

which is satisfied by Assumption 1(iv).
(b) Since C(6Y;) < C(6Y,), it follows immediately that 0, < 6V,
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(c) 6 < 0¥ if and only if:

Cthp) < C(0r)) &

% [po7 (H) + (1= p) (v (L,0) = v’ (¢, L))] < pvp' (H) + (1 = p)vr (L, 0) — v7'(£,0) &

27)}\[(670) —UﬁV(L,O) _U§V(€> L) Sp(’l)}v(H) _va(L?O) _véku L))

which is equivalent to Condition 1.
Step 2: In the killer-acquisition case, only 03 < 0, is possible. The proof is the same as

Step 2 in the proof of Lemma 3.

A.3 Proofs of Innovation Outcomes (Propositions 1 and 2)

Propositions 1 and 2 are implications of the equilibrium R&D investments under laissez-
faire and the no-acquisition policy, respectively. We first prove a general equilibrium
characterization result for each conceivable constellation of critical projects (Proposition
A.1). The proofs of Propositions 1 and 2 in Sections A.3.2 and A.3.3 are straightforward

implications of Proposition A.1.

A.3.1 General Characterization Result
Our equilibrium characterizations (Lemmas A.2 and A.3) rely on the following result.

Proposition A.1. Any equilibrium under laissez-faire or the no-acquisition policy must
satisfy (a)-(e) below. If (a)-(e) all hold, the investment functions rg(0) and r;(0) can be

sustained as an equilibrium.
(a) re(0) =1 and r;(0) = 1 whenever O € [0, 05|
(b) rE(0) =0 and r;(0) = 0 whenever 6 € (max{6s,01p},1)
(¢) re(8) =1 and r;(0) = 0 whenever § € (01, 61£]
(d) re(0) =1 andr;(0) =0, orrg(0) =0 andr;(0) = 1 whenever 6 € (07, min{6ys,015}]
(e) The equilibrium satisfies rg(0) =0 and r;(6) = 1 in all other cases.

In the proof of Proposition A.1, we will require the following immediate implication of

Lemmas 3 and 4.

Lemma A.1. [Irrespective of policy, the following relations hold:
(i) b1g > O2p
(ii) O35 > Osp.

36



(ZZZ) 02[ S 91]

Proof. (a) Projects in this interval are (weakly) profitable for the entrant irrespective
of the behavior of the incumbent since § < 6,5 < 015 by Lemma A.1(i). Given that the
entrant invests, investing is also profitable for the incumbent, as 6 < 6,; by Lemma A.1(ii).
Consequently, investment behavior on this interval is consistent with an equilibrium if and
only if rg(0) =1 and r;(0) = 1.

(b) Projects in this interval are never profitable for the entrant irrespective of the
behavior of the incumbent since O < 015 < 6 by Lemma A.1(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 < 0, it is always a unique best
response of the entrant to choose r;(6) = 1.

(d) Projects in this interval are only profitable if the rival firm does not invest. Hence,
it is straightforward that only one firm invests in equilibrium. This may be either the
entrant or the incumbent.

(e) In (a)-(d), 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 in all remaining cases one of the following must hold:
(1) 0 c (62E7 92[]
(11) 6 - (max{é’gj, QIE}’ 01]]

All equilibria satisfy (a) and (b), but which ones of the remaining cases apply in the
interval (65, max{6,;,6015} depends on the exact order of critical projects. We will thus
consider cases (¢) and (d) and show that, if there are still intervals not covered, they fall
into at least one of the listed cases.

Assuming case (c) occurs, we need to characterize the possible constellations in the
interval (0op,017]. (021,617 corresponds to case (d). Thus, we are left with the interval
(021, Bor], which is case (i) above.

Assuming case (d) occurs, we need to characterize the possible constellations in the
intervals (Aap, O27] and (min{6y7, 015}, (max{6;, 01 }]. For the second interval, if 61; < 6,
we are in case (¢) and if ;7 > 015, we are in case (ii) above. (fap, 627 corresponds to case
(1) above.

Cases (¢) and (d) require 0oy < 615. Assuming that 0o; > 6, implies that neither (c)
or (d) occurs. Cases (i) and (i7) above therefore cover the whole interval (6yp, 61/].

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 rg(f) = 0 and r;(f) = 1. O
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A.3.2 Proof of Proposition 1

According to Lemma 3, in the laissez-faire regime one of the following constellations applies:
(i) 05 < 07 < 05 (i) 02 < 07, < 04
Applying Proposition A.1 to each constellation gives the following result.

Lemma A.2 (Equilibrium R&D investment). In any equilibrium under laissez-faire,

(A) r(0) =1 and r(0) =1 for 6 € (0,65,
rp(0) =0 and r7(0) = 0 for 6 € (max{0;,04},1),
rp(0) =1 and r;(0) = 0, or rg(0) =0 and r7(0) = 1 for 6 € (05, min{0;%, 0;%}].

25

(i) If 05t < 022 < 0. a strategy profile is an equilibrium if and only if it satisfies (A),
(B) and (C), and rg(0) =1 and r1(0) = 0 for 6 € (07, 0:%].

(ii) If 03 < 62, < 02 a strategy profile is an equilibrium if and only if it satisfies (A),
(B) and (C), and rg(0) =0 and r;(0) =1 for 6 € (67, 044].

In the constellation of Lemma A.2(i), 7;(0) + rg(8) = 0 if and only if 8 € (9, 1).
Hence, P = 0{%,. In the constellation of Lemma A.2(ii), 7;(0) + rg(f) = 0 if and only if
6 € (62,1). Hence, P = 674. Moreover, both in cases (i) and (i), r;(0) + rg(f) = 2 if and
only if § € [0,604}]. Hence D = 63"

A.3.3 Proof of Proposition 2

According to Lemma 4, under the no-acquisition policy one of the following three constel-

lations applies:
(1) 62, < 05 < 6N < 0N, (ii) 05 < 65 < 0N, < o% (iii) 62, < 0N, < 63 < oY,

Applying Proposition A.1 to each constellation gives the following result.

Lemma A.3 (Equilibrium R&D investment). In any equilibrium under a no-acquisition

policy,

(A) rg(0) =1 and r(0) = 1 for 6 € 0,65,
(B) r5(0) =0 and r;(0) = 0 for § € (max{0}), 075}, 1).

(i) If 05, < 08, < 0N < 0N, a strategy profile is an equilibrium if and only if, in addition
to (A) and (B), the following conditions hold:
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(a) rE(0) =0 and r;(0) =1 for 6 € (05, 6%]

(b) r5(0) =1 and r;(0) =0 for 6 € (6, 00],

(c) r(0) =1 and r;(0) =0, or rg(0) =0 and r;(0) =1 for 6 € (63, 0N].
(ii) If 05 < 08 < O, < 0N, a strategy profile is an equilibrium if and only if, in addition

to (A) and (B), the following conditions hold:

(a) rE(0) =0 and r;(0) =1 for 6 € (05, 0%]

(b) r5(0) =0 and r;(0) =1 for 6 € (6, 0],

(c) r(0) =1 and r;(0) =0, or rg(0) =0 and r;(0) =1 for 0 € (62, 6N,].

iii) If 05, < ON, < 0N < 0N a strategy profile is an equilibrium if and only if it satisfies
2F 1E 21 17
(A), (B) and rg(0) =0 and r;(0) = 1, for 0 € (62, 0.

In the constellation of Lemma A.3(i), r7(f) + rg(d) = 0 if and only if 0 € (01, 1).
Hence, P = 0),. In the constellation of Lemma A.3(ii) and (iii), r;(0) + rg(0) = 0 if
and only if § € (6Y,1). Hence, P = 0)). Moreover, both in cases (i), (ii) and (i7),
r1(0) + rg(0) = 2 if and only if 0 € [0, 60;]. Hence D = 637

A.4 The Effects of Prohibiting Acquisitions

This section contains details on the effects of prohibiting acquisitions, with the proofs of

the results of Section 6.

A.4.1 Proof of Proposition 3

The result follows from Steps 1-4.
Step 1: 6, = 0},
To show this, it is sufficient that C(6%) = C'(02), or equivalently
pur (H) + (1 = p)vi(L,0) — v (£,0) = pv’ (H) + (1 = p)v’ (L, 0) — o7 (£,0).
This holds since vi(t,0) = vN(¢,0) for all t € {¢, L, H}.
Step 2: OV, < 0.
To show this, it is sufficient that C(6Y;) < C(#4%;) The claim requires that

pop (H) + (1= pwi (L, 0) < pup(H) + (1 — p)vg(L, 0).
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This holds because

p(n(H) = &)+ (1= p)(e(L, ) = &) < p(r(H) = K) + (1 = p)vg(L, () &
me(L,0) — k < B(max{m;(L,0) — k,7;(£,0)} — 7;(¢, L)) + (1 — B)(7e(L, () — k) &
me(L,0) — k < max{m;(L,0) — k, 7 (£,0)} — (¢, L)

where simple algebra leads to the last inequality, which holds by Assumption 1(iv).
Step 3: If 04, > 0 then PA > PV,
Since 0%, > 0, by Step 2 and 67, = 0 by Step 1, we obtain 5% > max{6%,;, 0N }. Hence,
PA > PN,
Step 4: If 07, < 0%, then P4 =PV,
If 64, < 654, then by Steps 1 and 2, 0%, < 6. Then P4 = 644 = 6N = PV,

A.4.2 Conditions for the Absence of an Innovation Effect

We now present and prove the result mentioned in Section 6.2 which gives conditions under
which the innovation effect is zero. Note that we slightly stretch our assumptions on the
parameter spaces here: We formally refer to cases where x, 8 or p take on boundary values.
However, we think of these cases as the respective parameters being “arbitrarily close to”

the boundary value. This helps us to avoid excessive notational burden.

Proposition A.2. (i) Suppose Il = (77 (L,0) , 77 (¢,0) ,7; (¢, L) , 7 (L,¢) ,n(H)) satisfies
Assumption 1. Then there ezists a vector (k,p,3) € R x[0,1] x [0, 1] such that (a) (II, k)
is consistent with Assumption 2 and (b) the innovation effect is zero if and only if the

following condition holds:
(1) T (L,O)—’TF[ (‘670) ZWE (L7€)

(i) If (1) holds and w; (¢, L) < m;(¢,0), there exists a p € [0,1) and Be 0,1) and a
weakly decreasing function P(3): [O, B} — [0, 1] with P(0) = p and P(B) = 0 such that the

innovation effect is zero for any (k,p, 5) such that Assumption 2 holds and

(2) 77 (L,0) — 7 (¢,0) > K
0<B<p3
0<p<P(pB)

Proof. We will first show that the requirements of consistency with Assumption 2 and
absence of an innovation effect are easiest to fulfill if (x,p, 5) = (0,0,0). In other words,
if, for fixed vector II the requirements hold for any (k,p, 8) € R* x [0,1] x [0, 1], they hold
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for (k,p, ) = (0,0,0). To see this, first note that Assumption 2 requires that

(3) e (L,¢) > k and
w(H)—m(¢,0) > k,

so that it is easiest to satisfy for k = 0. Next, the condition under which there is no

innovation effect is that there is commercialization,

(4) W[(L,O)—W1<£,O>ZH,
and
(5) (1= p)or(L,0) = vr(£,0) > (1 = p)vg (L. £).

Substituting expressions from Lemma 2 and rearranging, (5) can be expressed as

(6) (1 =p)[(1 = B) (71 (L,0) = 7 (L, £)) + frr (€, L)] = 71 (£,0).

To fulfil the commercialization condition (4) at least for £ = 0, II must satisfy 77 (L,0) >

77 (£,0). Then Assumption 1(iv) implies
(7) 71 (L,0) — g (L,0) — 7y (¢, L) > 0.

Thus, the LHS in (6) is strictly decreasing in § for p < 1. (7) implies that m; (L,0) —
g (L,0) > 0. By Assumption 1(i), 7 (¢, L) > 0. Therefore, the square bracket in (6) is
positive and the LHS is decreasing in p as long as 8 < 1. Thus, (6) is easiest to fulfill if p = 0
and = 0. All told, therefore, if (3),(6) and (7) hold for any (x,p, ) € Rt x[0,1) x [0, 1],
they hold for (x,p, 5) = (0,0,0).

Thus, there is no innovation effect for any (x,p,3) € Rt x [0,1) x [0, 1] such that

Assumption 2 hold if and only if II satisfies the following four conditions:

(8) 71 (L,0) — 77 (¢,0) > 7 (L, 0)
7 (L,0) — 7 (€,0) >0
e (L,0) >0
m(H)—7(¢,0) >0

In particular, therefore Condition (1) in Proposition A.2 holds. This proves the “only
if”-part of (i) of Proposition A.2.
As to the “if”-part, note that 7 (L,¢) > 0 by Assumption 1(i). Thus, the first three
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conditions of (8) reduce to 7y (L,0) — 77 (¢,0) > 7 (L, ¢). Assumption 1 further implies
that this condition implies 7 (H) — 77 (¢,0) > 0. Hence, the four conditions in (8) are
fulfilled if (1) holds. Under these conditions, II and (k,S,p) = (0,0,0) jointly satisfy
all requirements for the absence of an innovation effect. This completes the proof of
Proposition A.2.

(ii) Part (i) has already shown that (4) and (6) both hold for IT and (k, p, 5) = (0,0, 0) if
IT satisfies (1). Next, (6) is violated for (p, 8) = (0,1): It simplifies to 7y (¢, L) > m; (¢,0).
Similarly, (6) is violated for (p, 8) = (1,0): It reduces to 0 > 7, (¢,0), which is inconsistent
with the positivity of monopoly profits (Assumption 1(i)).

Finally, as argued above, by Assumption 1, the LHS of (6) is decreasing and continuous
in f and in p. Thus, by the intermediate value theorem there exist p and B such that (6)
holds with equality for (p,0) and <0, B) and with inequality for (p,0) with p < p and for
(0,8) with g < 3 Thus, the statement holds for 5 = 0 and 8 = B\ with P (0) = p and
P (5) = 0. The fact that the LHS of (6) is weakly decreasing then leads to the result for

]

ge (0, B)

Intuitively, the necessary condition (1) in (i) for the innovation effect to be zero is that
the innovation would increase incumbent monopoly profits by a large amount, while, under
duopoly competition, the entrant’s profits would be relatively low (competition is either
intense or biased against the entrant). Once this condition on product market profits
holds, the innovation effect will be zero according to (ii) if k, p and /8 are sufficiently low.
Thus, if these conditions hold together, then one can take decisions entirely based on the

competition effect.

A.4.3 Proof of Proposition 4

Proposition 3 and 0%, > 62 imply that Ap = PA—PN = max{6;,, 0%} —max{6N;, 0NV} =
07, — max{0N;, 0N} > 0, where 67, = 0N = 60,7 and 0, > 0V;. We will analyze the change
of Ap as a result of a change in 8, 7;(¢, L) and 7g(L, ) for all orderings of 6,7, 07, and
6N, such that 07, > 07 .

This gives us three cases, which we analyze below. The proposition aggregates the
effects in these three cases.

Case 1: If 07 < 0, < 60, then Ap = 64, — 0V,. Applying the inverse function

theorem, we obtain:

(a) OAp/OB >0 is equivalent with

(02, — ) _ (1 — p)(max{m;(L,0) — k,7;(£,0)} —7;(¢, L) — mp(L,{) + K) 50
B C"(015)
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which follows from Assumption 1(iv).

(b) OAp /O (¢, L) <0 is equivalent with

(07 — 015) _ —(1—p)B

om(G L) — Ceny ~ Y

(¢) OAp/OTR(L,¢) <0 is equivalent with

o0 —0Y;) (1—-p(1-p5) (1-p)
onp(L0) o) oy T

C(ofy)
DGy

where the inequality follows from the convexity of C.
Case 2: If 0, < 0,7 < 0, then Ap = 0%, — 6,7. Again applying the inverse function

theorem:

(a) 0Ap/0B >0 is equivalent with

007 — 611) (1 —p)(max{m;(L,0) — k,7;(¢,0)} — 7;(¢, L) — 7p(L,{) + k)

>0
o C'(0%)

which follows from Assumption 1(iv).

(b) 0Ap/Omr(¢,L) <0 1is equivalent with

3(% - 911) _ _(1 _p)ﬁ

omeL) — cory <

(¢) 0Ap/Omp(L,l) > 0 is equivalent with

001 — ) _ (1=p)(L—5)

= > 0.
Org(L, 1) C(62,)

Case 3: If 0, = 0,7 < 0%, then Ap = 07, — max{0,r,00;}. Provided that the

derivative exists, the effect on variety is

A0y — max{by,07})
ox

Note that 96,;/0x = 0 and 90;/0z = 0 for x € {B,m(¢, L)}, which implies that the
derivative exists and dmax{6s,0;}/0x = 0. Therefore, 0Ap/03 = 06:,/08 > 0 and
8A7>/87r1(€, L) = 89{‘E/87r1(€, L) < 0.
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A.4.4 Proof of Proposition 5

For 057, < 05!, we need C(60;) < C(04') or equivalently

vR (L, 0) < vg(L, () &
me(L,0) — Kk < B(max{m;(L,0) — k,7m(£,0)} —7;(¢, L)) + (1 — B)(me(L,{) — k) <
me(L,0) — k < max{m;(L,0) — k,7(£,0)} — 7(¢, L)

which holds by Assumption 1(iv). Hence D(r¥, rd) < D(r, ra).
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B Appendix (For Online Publication)

B.1 Alternative policies

This section contains the proofs of all results on alternative policies (Propositions 6 to
9). The arguments in the different proofs are similar, but we kept the details for easier

reference.

B.1.1 Proof of Proposition 6 (Restrictions on Technology Usage)

Denote with 0%, the critical value k € {1,2} of firm ¢ when the remedy is p € [0,1) and
with B = max{n;(L,0) — k,7;(¢,0)} — (L, {) — 7;(¢,L) + k the bargaining surplus in
the laissez-faire regime.

The statement in Proposition 6 on the killer-acquisitions case is obvious since the
remedies do not affect the payoffs without commercialization. As to the remaining parts

of Proposition 6, we prove the following statements. In the genuine-acquisitions case:

(1) If m1(£,0) < mp(L,0)—k+m(¢, L) and p < % then 0%, = 0} for k € {1,2}

and the incumbent never acquires the entrant.
(ii) If m(£,0) > (L, 0)—Kk+7(¢, L) or p > %, then the incumbent acquires

the entrant with the L innovation and:

(a) O < 075 < O
(b) 9% = 9@ = 01;
(c) 0
(d) 0

5 < O3p;

N> 951 > 03

(iii) If 7;(€,0) > (L, 0) —k+m(¢, L) and p < ﬂf’rgé(’g)ag”, in contrast to the case without

remedies, the incumbent does not commercialize the innovation after an acquisition.

Proof. Suppose that 7;(L,0) — 7;(¢,0) > k. We will distinguish between two cases:
71(¢,0) > (L, 0) —k+m(¢, L) and 7;(¢,0) < wp(L,l) — k+7r(¢, L). A killer acquisition
would increase joint surplus in the first case, but not in the second.
Case 1: 7;(¢,0) > wg(L,0) — k + (¢, L).

Denote with p the level of remedies for which the incumbent is indifferent between
commercializing technology L and not commercializing it in case of an acquisition. This

level is given by

pri(L,0) — k = 7((,0) &
m(4,0) + K
7T[<L O)

p=
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Then, for any p € [0, 1) the bargaining surplus is given by

prr(L,0) — (L, 0) — mr(¢, L) for all p € (p, 1)
7r(¢,0) — wg(L,0) —m (¢, L) + K for all p € [0, pl.

B =

In this case, since 77(¢,0) > 7g(L, ) —x+m;(¢, L) and 7;(L,0) —7;(¢,0) > k,0 < B* < B
and the acquisition takes place Vp € (0,1). In contrast to Lemma 1, the incumbent com-
mercializes the acquired L technology if and only if p € [p, 1), while she always commer-
cializes an L technology she discovered herself. Hence, if p < p the incumbent acquires
the entrant, but does not commercialize the innovation. This proves part (7iz).

Moreover, v! (t;,t;) = v (t;, ;) (with the latter expressions given by Lemma 2), except
that v,(L,0) = mg(L,{) — k + BB? and v} (¢, L) = max{pm(L,0) — k, 7;(£,0)} — v%(L, {).
We prove claims (a)-(d) in turn.

(a) 0N, < 07, < 674 This is equivalent to C(61;) < C(67,) < C(63;) or

pug (H) + (1 = p)vg (L, €) < pug(H) + (1 = p)oi(L, 0) < pog(H) + (1 = p)og(L, () &
o (L, 0) < v (L,0) < vp(L,0) &
m5(L,0) —k < (L, 0) — k+ BB* < (L, {) — k + 3B <
0< B < B,

which always holds.

(b) 0N = 0, = 64 This follows immediately by observing that C(6;7) does not depend
on either p or the acquisition policy.

(c) 05 < b5 < 05 Since C(05) = 3C(01%;) for R € {N, p, A}, the claim follows by (a).
(d) 65 > 65, > 045 This is equivalent to C(6)) > C(65,) > C(64}) or

poi (H) + (1 = p) (07 (L,0) = v} (¢, L)) o por(H) + (1~ p) (v (L,0) —v(6, L))
2 2
- poi (H) + (1 - p) (;?(L,O) — v (4, L)) N
—oN (0, L) > —v?(¢, L) > —vi(l, L) &

mr(l, L) <7, L)+ (1 —B)B? <m;(¢, L)+ (1 - 5)B,

which always holds since 0 < B” < B and < 1. This proves the claim in part (ii) when
71(¢,0) > wg(L,0) — k 4+ m;(¢, L).
Case 2: 7;((,0) < 7wg(L,l) — Kk + 7 (¢, L).

Recall that, in this case, a killer acquisition would not be worthwhile. As a genuine
acquisition cannot be profitable if p = 0, it will only take place if p is sufficiently large.

Denote with p the level of remedies for which the incumbent is indifferent between acquiring
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and not acquiring the entrant with technology L, that is,

571'[([/,0)—Ii:ﬂ'E(L,e)—/i—l-ﬂ'[(g,L)@
71-E'(I/7£)—+_7TI(€’ L)
W](L,O) ’

el

In this case, the bargaining surplus is given by

B pri(L,0) — wg(L,0) — 7 (¢, L) for all p € (p, 1)
0 for all p € [0, pl.

WE(L,K)-F?T[ (f,L)
Tr (L,O)

BP < B. Then, the proof of claims (a)-(d) is the same as in Case 1 above. This concludes

If p > as in the remaining condition of part (ii), then p € (p,1) and 0 <
the proof of part (ii).

For part (i), note when 7;(¢,0) < 7g(L,0) — k + mr(¢, L) and p < % then
B? = 0, by the analysis of Case 2 above. When the bargaining surplus is zero, the outcome

is identical to the one when acquisitions are prohibited. O

B.1.2 Proof of Proposition 7 (Prohibition of “killing”)

Denote with 0K the critical value k € {1,2} of firm i when killer acquisitions are pro-
hibited. For the statement in Proposition 7 on the genuine-acquisition case, note that in
this case the incumbent acquires the entrant with L technology and commercializes that
technology (Lemma 1). Since “killing” never occurs, prohibiting it has no effect. To prove

the remaining statements in Proposition 7, we show that (i) and (ii) below hold.

(i) If 77 (L,0) — m7(¢,0) < k and 77(L,0) — 7;(¢, L) < 7(L,¢), then 05K = 0,,(N) for

k € {1,2} and the incumbent never acquires the entrant.

(ii) If 7;(L,0) — m7(¢,0) < k and 77(L,0) — 7m;(¢, L) > wg(L,{), then:

N _ gPK __ pA.
Or = 011" = 01;

N PK A
Oop < Oop" < O3g;

The incumbent acquires the entrant with the L innovation and commercializes it

after the acquisition.

Proof. (i) If the incumbent acquires the entrant, she has to commercialize the technology.

The total surplus is 7;(L,0) — k. Without the acquisition, the total surplus is equal to
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wr(l, L) + 7g(L,¢) — k. Since 7;(L,0) — m;(¢, L) < wg(L,¥), the bargaining surplus is
weakly negative, so that an acquisition never materializes and the outcome is identical to
the one when acquisitions are prohibited.

(ii) Since m7(L,0) — 7;(¢,L) > wg(L,() the bargaining surplus BPX = 7;(L,0) —
(¢, L) —mr(L,f) > 0, so that the incumbent acquires the entrant with the L technology.
Denote the bargaining surplus in the laissez-faire regime B = max{n;(L,0) — &, 7(¢,0)} —
7i(L, €)—m(¢, L)+ K and note that B > BPX. The proofs of claims (a)-(d) are completely

analogous to those of claims (a)-(d) in the subsection above and are omitted. ]

B.1.3 Proof of Proposition 8 (Taxing acquisitions)

Denote with 67, the critical value k € {1,2} of firm ¢ when the tax rate is 7. As before, let
B = max{n;(L,0) — r,7;(¢,0)} — m(L,¢) — 7;(¢, L) + k, denote the bargaining surplus
in the laissez-faire regime. Denote the bargaining surplus when the tax rate is 7 with B”.
The acquisition price is 7g(L,¢) — k + BT, so that

B" =B —7(ng(L,¢) — k + BB7),

and thus _
B —1(mg(L,¢) — k)
1+703 '

The following statements imply Proposition 8:

B" =

(i) If 7 > ﬁ%%, then 07, = 6 for k € {1,2} and the incumbent never acquires the

entrant.

(i) fo< 7T <

and:

L_ then the incumbent acquires the entrant with the L innovation
g (Ll)—kK

)
)

() 03 < 035 < O4p;
)

. : z _ B—1(rp(L,0) — k)
Proof. Consider part (i), so that 7 > ﬁ. Then, B™ = Tt 5 < 0.

Hence, no acquisitions will take place, so that the outcome is the same as in the game

where acquisitions are prohibited. ~

5 B — L,0)—
B yen, pr= BT O =R oy efore,
ﬂE(L,f) K 1 + T

the bargaining surplus is positive and Lemma 1 holds. Lemma 2 holds as well, except

Now suppose that 0 < 7 <

for the values when the acquisition takes place. Now, vL(L,¢) = ng(L,¢) — k + BT and
V(6 L) = vr(L,0) — (1 + 7)o (L, )
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We prove the claims in part (ii) in turn.
(a) O < 07, < 024: This is equivalent to C(0Y;) < C(075) < C(67) and thus

po () + (1= pol (L, ) < o (H) + (1 — pYos(L,€) < poid(H) + (1 — plop(L, 0) &
v (L, 0) < v5(L, ) < vp(L, () &
(L, 0) — Kk < 7p(L,l) —k+ BB” < 7g(L,l) — k+ B &
0< B™ < B,

which always holds for the values 7 takes in the case examined.
(b) 6N = 07, = 644 This follows immediately by observing that C(6;;) does not depend
on either 7 or the acquisition policy.
(c) 03 < 035 < O3 As C(05;) = SC(07%;) for R € {N, 7, A}, this follows from Step 1.
(d) 65 > 03, > 03}

This is equivalent to C(6)) > C(65;) > C(64}) or

po () + (1= p) (o (L,0) = o} (6.1)) _ o) + (1= p) (0F(L,0) — o5(, 1) _
2 2
) + (1= p) (A(L,0) = (0 1)
2
—oN(, L) > v (0, L) > —vi((, L) &

7T](€, L) < W[(ﬁ, L) + (1 — B)BT < 7T](€, L) + (1 — 5)3,

=

which always holds since 0 < B™ < B. [

B.1.4 Banning high-price acquisitions

Denote with 927; the critical value & € {1,2} of firm i when the acquisitions with price
higher than p are banned. Under a laissez-faire policy the value of the entrant corre-
sponds to the acquisition price and is given by via(L, () = (L, ) — k + B(max{r;(L,0) —
k,mr(0,0)} — (L, ¢) — (¢, L) + k). When acquisitions above a price cap p are banned,
the realized acquisition price depends on the bargaining protocol. Here, we assume that
the equilibrium price is the minimum between the price cap and the laissez-faire acquisi-
tion price, v (L, ¢) = min{va(L, ), p}, which is the outcome that is most favorable to the
entrant. However, the entrant may not accept that price, if the price is below his outside

option.
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Proposition B.1 (Blocking acquisitions with high price).

(i) If p > vis(L, ), then all critical values are identical to those under laissez-faire and

the incumbent acquires the entrant with the L technology.

(ii) If p < vX(L, ), then all critical values are identical to those under a prohibition and

the incumbent never acquires the entrant.

(i1i) If va(L,0) < p < v (L, 1), then 65, < 04. All remaining critical values lie between
those under the laissez-faire and the no-acquisition policy and the incumbent acquires

the entrant with the L innovation.

Proof. 1t is easy to see that in part (i) the price is so high that it is inconsequential for
the acquisition and how the bargaining surplus is divided. Hence the incumbent acquires
the entrant with the L technology and outcomes are as in laissez-faire.

Consider part (ii), so that p < v¥(L,¢) = mg(L,{) — k. Since the maximal acquisition
price the incumbent can offer is the entrant’s outside option, the entrant does not agree
to sell hence the outcome is equivalent to a ban.

Now suppose that v5 (L, ) < p < vi(L,f). Then, the incumbent has to decrease the
price he offers to p such that the acquisition goes through, but the entrant still accepts
since the price is above his outside option. We prove the claims in part (iii) in turn.

(a) O, < 0P, < 0{%: This is equivalent to C(6%,) < C(67,) < C(#;;) and thus to

vR (L, 0) < VB (L, ) < vp(L, 0) <
v (L, 0) < min{og(L, £), p} < vig(L,£),

which holds for the values p takes in the case examined.

b) 6N = 6P, = 64 This follows because C(61;) neither depends on p nor on the policy.
17 11 17

c) 0N, < 08, < 0. As C(AE.) = 1C(OL,) for R € {N,p, A}, the claim follows by Step 1.
2E 2F 2F 2F Uik

d) 6% > 624 > 67, This is equivalent to C(6Y,) > C(#4) > C(6%,) and thus to
21 21 21 21 21 21

poi (H) + (1 = p) (07 (L,0) — v} (¢, L)) - poi (H) + (1 = p) (v7'(L,0) —vi' (4, L)) .
2 2
D £ () (0 D)
2
oM (L,0) — ol (€, L) > via(L, 0) > vh(L, 0) <

max{7n(¢,0),7;(L,0) — k} —7;(¢, L) > vé(L,f) > min{vé(L,f),ﬁ},

which holds for the p considered. O
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B.1.5 Proof of Proposition 9 (Increasing Profitability of IPOs)

We operationalize preferential treatment of IPOs by supposing that the net profit of the
entrant is given by nrp(H) and nmg(L,l), where n = 1 represents the status quo and
n > 1 represents the policy of preferential IPO treatment. Denote with 67, the critical
value k € {1,2} of firm i when the IPO policy is > 1. As before, let B = max{r(L,0) —
k,mr(0,0)} — me(L,f) — 7(¢, L) + K, denote the bargaining surplus in the laissez-faire
regime. We prove (i) and (ii) in turn.

(i) First, note that the measure does not affect the commercialization decision of the
entrant or the incumbent. Next, the incumbent acquires the entrant if and only if the

entrant has technology L and

nrp(L,0) + 710, L) — k < max{m;(L,0) — k,7;((,0)} <
max{m;(L,0) — k,7;(¢,0)} — 7 (¢, L) + K
e mo(L,0)
B—I—TI’E(L,E)
WE(L,K)

n <

(ii) We can restate the claim as follows: For any n > 1,
(a) Ol < 01 (b) 0% = O1y: (c) 03 < Ol (d) 03 < 0.
The remainder of the proof shows that these statements are correct, starting from the
value functions.
The entrant’s values after the realization of the innovation outcomes are
VL (H) = ye(H) — r
vE(L,0) = nrg(L,0) — k +
+ Bmax {0, (max{r;(L,0) — r,7((,0)} — nm (L, 0) — 7(¢, L) + k) }
vE(0,t) =0 for t; € {¢,L,H}.
The incumbent’s values after the realization of the innovation outcomes are
vI(H)=n(H) -k
v}(L,0) = max{n(L,0) — K, m(¢,0)}
vlI(¢,L) =m(¢, L) +
+ (1 — B) max {0, (max{m;(L,0) — k,7(¢,0)} — nri(L, ) —m (¢, L) + k) }
v} (¢,0) = m(£,0)
v} (¢, H) = 0.
We prove the claims (a)-(d) in turn.
(a) 0% < 07,: This is equivalent to C(61%) < C(0],) or

pu(H) + (1 = p)og(L, 0) < pvp(H) + (1 = p)vi(L, 1),
which holds since v(H) < v (H) and v(L, () < vi(L, ).
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(b) 044 = 07,: This follows immediately by observing that C(6;;) is not affected by 7.
(c) O35 < 035: Observe that C(05%;) = 3C(01%;) for R € {4, n}, so the claim follows by (a).
(d) 05, < 63,: This is equivalent to C(03;) < C(04;) or

poi () + (1 = p) (07(L,0) = of(4. L)) _ puj(H) + (1= p) (v](L,0) = v}((, L))
2 2
v (0, L) > VP(¢, L).

This always holds since the incumbent’s bargaining surplus is lower when 7 > 1, that is,

max{m;(L,0)—k,7;(¢,0)} — wp(L,¢) —m(¢, L) + K
> max {0, (max{m;(L,0) — x,7(¢,0)} — nr(L,€) — 7((, L) + k) } .

B.2 Dropping Condition 1

If Condition 1 is violated, i.e. if 8, > 02, then an equilibrium with binary investment
decisions in pure strategies does not exist in the no-acquisition policy. Therefore we slightly
change the investment decision available to the firms. Instead of taking binary investment
decisions, firms choose a research intensity r; € [0, 1]. Again we restrict the firms’ choices
to a set R of measurable functions r : [0,1) — [0, 1]. The rest of the model set-up remains
identical. We refer to equilibria with r; € {0,1}V6 € [0, 1) as simple equilibria.

It is important to note that the probability of innovation and the variety of research
projects are only identical in the case of simple equilibria. Since these concepts are distinct

otherwise, we introduce them separately. The probability of innovation is given by:

P(ri,rg) = /0 (r1(8) + re(8) — ri(0)re(9))do.

The variety of research projects is given by:

V(ry,re) = /01 1(r;(0) +re(8) > 0)do.

Duplication is defined as before.

Below we list the versions of the main lemmas and propositions which hold in the
extended model with research strategies r; € [0, 1] and therefore not only when Condition
1 applies, but also when it does not. The proofs can be found in the previous working-paper

version of this paper (Letina, Schmutzler and Seibel, 2021).3®

Lemma 3'. Under laissez-faire, the critical projects must satisfy (i), (i) or:

38 Available at https://www.zora.uzh.ch/id /eprint/189748 /13 /econwp358.pdf
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(i) QA < QA = 9‘4 < 01E,
(i) 03 = 03 < 91 < ‘91E>
(iii) 05 = 055 < 04, < 6

Relation (ii1i) cannot arise in the killer-acquisition case. Moreover, relation (i) cannot

arise under Condition 1.
In the previous working paper, Lemma 3’ can be found as Lemma 3.
Proposition 1'. In any equilibrium under laissez-faire,

(a) the probability of innovation is weakly smaller then the variety of research projects,

Plrd ra) < V(ri ra). Moreover, variety is given by

(i) V(rit ra) = 045 if 03 < 04 < 04 or 03 = 05, < 04, < 62,

(ZZ) V(T’}A,Té‘) = 6141 Zf 05‘ < 01 < 91[7
(b) the duplication of innovation is given by D(rit,ra) > 04
Proposition 1’ is a direct implication of Proposition 1 in the previous working paper.

Lemma 4'. Under the no-acquisition policy, the critical projects have to satisfy one of the

following relations:

(i) 0N < 0, < 03, < oY, (1) 05 < 00 < 6 < 6N, (i) 00 < O < 0. < 6N
(iv) 05 < 03 < 0 < 6N, (v) O, < 05, < 6N, < 05 (vi) 057, < 0N, < 0 < 6
(vii) 03 < 03 < 01 < 0 (viii) 037 < O, < 63 < 0%

Relations (vi) to (viii) cannot arise in the killer-acquisition case. Moreover, relations (i),

(i1), (iii), (v) and (vi) cannot arise under Condition 1.
In the previous working paper, Lemma 4’ can be found as Lemma B.1.
Proposition 2'. In any equilibrium under a no-acquisition policy,

(a) the probability of innovation is weakly smaller then the variety of research projects,

Pri,rd) < V(rd, ra). Moreover, variety is given by

(i) V(r¥ ri¥) = ﬁ; for all relations where 62 < 0N,

(i) V(r¥,rX) = 0% for all relations where 0, < 63,

(b) the duplication of innovation is given by D(ri¥ ri) > 0.
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Proposition 2’ is a direct implication of Propositions B.1 and B.2 in the previous work-

ing paper.
Proposition 3'. Consider the no-acquisition policy.

(i) In any equilibrium, (a) the variety of research projects is weakly smaller than in
any equilibrium under laissez-faire and (b) the probability of an innovation is weakly

smaller than in any simple equilibrium under laissez-faire.

(i1) The inequalities in (i) are strict, except that there is no effect on wvariety in the

genuine-acquisition case if 07, < 6.
In the previous working paper, Proposition 3’ can be found as Proposition 2.

Proposition 4'. Consider any equilibrium under a laissez-faire policy (ri,r4) and any

equilibrium under the no-acquisition policy (rY,r¥).

(i) The size of the policy effect on variety Ay is (a) weakly increasing in entrant bar-
gaining power (3, (b) weakly decreasing in the incumbent’s profits under competition
7w1(¢, L) and (c) strictly decreasing in the entrant’s profits under competition mg(L, ()

if 017 < 0N, but weakly increasing if 0N, < 01;.
(i) The effects in (i) are strict if 611 < 07y and they are zero if 611 > 07\.
In the previous working paper, Proposition 4 can be found as Proposition 3.
Proposition 5'.

(i) When 68 < 0}, duplication is strictly smaller in any simple equilibrium under the

no-acquisition policy than in any simple equilibrium under laissez-faire.

(ii) When 05 > 0y, there exists a threshold bargaining power [ € [0,1) such that in any

equilibrium under the no-acquisition policy duplication is

(a) larger than in any simple equilibrium under laissez-faire if B < B, and

(b) smaller than in any simple equilibrium under laissez-faire if § > A.

In the previous working paper, Proposition 5 can be found as Proposition B.4.

B.3 Robustness Results

This section contains precise statements of the robustness claims of Section 8 as well as

proofs of these results.
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B.3.1 Monotone Relationship Between 6 and p

We now assume that p(6)) is an increasing function of p(f). Denote the expected net
payoff of investing in project € conditional on the other firm not investing as Ry;(0) and
the expected net payoff of investing in project 6 conditional on the other firm investing as

R5;(0). These expected payoffs are given by:

Rs(6) = p(0)os(H) + (1 = p(6))o(L. )

Ros(6) = 5 (0)us(H) + (1 — p(6))op (L. 0)
Ras(6) = p(0)og(H) + (1 = p(6))ur(L.0) ~ (£, 0)
Ror(6) = 5 [p(@)o(H) + (1 = p(6)) (ur(L.0) — (£, D).

The critical projects are then given by 6x; : C(0;) = Rii(0ri), @ € {I, E}, k € {1,2}. Since
p(0) is concave, so are all Ry;(0) (notice that all Ry; are concave monotone transformations
of p). Given that C is increasing and convex, all critical projects exist and are unique.

We first establish that the familiar ordering of critical values also holds in this setting.

Lemma B.1. Consider the case where the probability of drastic innovation p : [0,1) —

[0,1) is an increasing function of 6.

(i) Under the laissez-faire policy, the following relations hold:
(a) O3 = 0515 (b) O < 07y

(i1) Under the no—acquisitian policy, the following relations hold:

(a) O3 < 0575 (b) O3
(1i) In the killer-acquisition case, 017 < 61 under both policies.

Proof. For part (a) in (i), note that V8 € [0,1) : R&(0) = R,(6) because vit(L,0) —
v, L) = v(L,0) and v (H) = via(H). Since 63, and 64, are implicitly given by C(63}) =
R (05Y) and C(65;) = Ri(05,) and both are unique, it directly follows that 05, = 04).

For part (a) in (ii), note that V8 € [0,1) : R3/(8) > R3(6) because v¥ (L, 0)—vN (¢, L) >
vN(L,¢) by Assumption 1(iv) and v (H) = v¥ (H). Since 02, and 657, are implicitly given
by C(65) = RY.(0)) and C(05;) = RY;(03);), both are unique and C' is increasing, it
directly follows that 65 < 6.

For part (b) in both (i) and (ii), note that V6 € [0, 1):3

Ryp(0) = p(0)ve(H) + (1 = p(0))ve(L, {)
1

> 5 [pO)vs(H) + (1 = p(0))vp(L, £)] = R25(0)

39As the statements are independent of the policy regime, we deleted the policy superscripts.
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Since C' is increasing and and the critical projects are unique, it directly follows that
O1g > O25.
Finally, for part (iii), note that Vf € [0,1):

Ry (0) = p(O)vr(H) + (1 — p(6))vs(L, 0) — vs(¢,0)
p(0) [vr(H) = vi(L,0)]

< p(O)vp(H) + (1 = p(0))ve(L, ) = Rip(0)

where the second line follows from v;(L,0) = v;(¢,0) which is true in the killer-acquisition
case irrespective of the policy. Moreover the following relations hold irrespective of the
policy: vi(H) = vg(H) by Assumption 1(iii), vg(L,¢) > n(L,¢) — k (where the inequality
is strict under laissez-faire due to Assumption 1(iv)) and m(L,¢) — k > 0 by Assumption
2(i). The strict inequality in the last line then follows by Assumption 1(i), v;(¢,0) > 0.

Then, since C' is increasing and convex, it directly follows that 6,7 < 0. O

Since the orderings of critical projects do not change qualitatively, the main result do

not change either.

Proposition B.2. Consider the case where the probability of drastic innovationp : [0,1) —

[0,1) is an increasing function of 6.

(i) In any equilibrium (r¥, r¥) under the no-acquisition policy, (a) the variety of research

projects is weakly smaller than in any equilibrium (r{,r3) under the laissez-faire
policy; and (b) the probability of any innovation is weakly smaller than in any simple

equilibrium (r,74) under the laissez-faire policy.

(ii) The inequalities in (i) are strict, except if 65 < ON..

Proof. Denote the equilibrium strategies under laissez-faire and the no-acquisition policy
as (r#,r8) and (rI¥,rY), respectively. The result follows from Steps 1-5.

Step 1: V4 = max{6:,, 044} and VN = max{0N;, 0N},
Equipped with the ordering of critical projects we can apply Proposition A.1 to construct

the equilibria with the small modification that mixed-strategy equilibria are given by the

_ R (9)-C(0) _ _Rip(9)-C(9)
- Rlﬁe)—RQI(@) and TI(Q) - 31:3]?9)—3213(9)'

Hence, as before, 74(0) + r4(0) = 0 if and only if § € (max{6:;,0:{},1) and VA =
max{6:, 04}, Similarly, the second claim holds because constructing equilibria using
Proposition A.1, r¥ () + r¥(0) = 0 if and only if § € (max{61, O}, 1).

Step 2: 64 = 0N,

To show this, since critical projects are uniquely pinned down by Ri;(61;) = C(011), it is

following expressions whenever they apply: rg(0)

56



sufficient that R{, () = RN.(0) V0, or equivalently
p(0)vi (H) + (1 = p(8))v7 (L, 0) — v7 (£,0) = p(0)v7 (H) + (1 = p(8))v7 (L, 0) — v (€,0).

This holds since vi(t,0) = vN(¢,0) for all t € {¢, L, H}.

Step 3: 0, < 0.
To show this, since C' is increasing, it is sufficient that RY;(0) < Ri%-(0) V6. The claim
requires that V0 € [0, 1):

p(0)og (H) + (1 = p(0)vg (L, €) < p(@)vg(H) + (1 = p(0)vg (L. £).
This holds because vX (H) = va(H) and v} (L, £) < va(L, ), which is equivalent to
me(L,l) — k < max{m;(L,0) — k,m(£,0)} —7(¢, L)

which holds by Assumption 1(iv).

Step 4: If 02, > 0%, then VA > VN and if (ri',rd) is a simple equilibrium then
Plrdra) > P ri).
Since 07, > 6, by Step 3 and 4 = 0N by Step 2, we obtain 6, > max{6Y,, 0N }. Hence,
VA > VN Since P(rr,re) < V(ry,rg) for any (r7,7g) and P(r;,rg) = V(rr,7g) for simple
equilibria, then also P(ri, rad) > P(rN, r¥) if (ri',r4) is a simple equilibrium.

Step 5: If 02, < 62, then VA = VN and if (ri',r3) is a simple equilibrium then
P(ritrg) = Py, rg)-
If 64 < 654, then by Steps 2 and 3, 8, < V. Then V4 = 04 = 0N = VV. Since
P(rr,rg) < V(rr,rg) for any (rr,rg) and P(ry,rg) = V(rr,rg) for simple equilibria, then
also P(rit, ra) > P(r¥,r). O

B.3.2 Innovation Uncertainty at the Time of Acquisition

The new timeline leads to the following result in the acquisition subgame:

Lemma B.2 (Acquisitions). Suppose at the time of the acquisition the technology level
of the innovation is uncertain. The incumbent acquires the entrant if and only if the
entrant holds a patent for the innovation. After the acquisition, the incumbent always

commercializes the H technology. She commercializes the L technology if and only if

m(L,0) —7(¢,0) > K

Proof. 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 reason to acquire the entrant.
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Second, suppose the entrant holds a patent. Without an acquisition, the entrant com-
mercializes the technology irrespective of the realized technology level according to As-
sumption 2. He thus obtains the expected payoft p (7(H) — k)+(1—p) (7g(L, ¢) — k) while
the incumbent obtains (1 —p)7n;(¢, L). With the acquisition, the incumbent commercializes
the H technology according to Assumption 2, but only commercializes the L technology
if 77(L,0) — k > 7;(¢,0). Thus, the incumbent’s expected payoff is p (7(H) — k) + (1 —
p) (max{m;(L,0) — k,7(¢,0)}). The entrant obtains a payoff of zero. Consequently, the

expected acquisition surplus is
(1 —p) [max{m;(L,0) — k,7;(¢,0)} — wp(L,{) — m;(¢, L) + K]

The acquisition surplus is positive if and only if max{n;(L,0) — k,7(¢,0)} > mg(L,¢) +
77(¢, L) — k, which holds by Assumption 1(iv). O

Under the conditions of B.2 acquisitions happen more frequently than in the case of
1. Not only does the incumbent acquire the entrant if his innovation turns out to be
non-drastic, but also if the entrant’s innovation turns out to be drastic. Thus, the entrant
will never enter the market, neither as competitor nor as new monopolist. However, he

will be compensated for the possibility that his innovation may turn out to be drastic.

Proposition B.3. With uncertainty at the time of acquisition, any investment equilibrium
under the alternative timeline with uncertainty is an investment equilibrium under the

original timeline without uncertainty and vice versa.

Proof. As in the main model, the equilibrium investment behavior will depend on the
critical projects, for which the respective firm F or [ is just indifferent between investing
and not investing conditional on the behavior of the rival. Since, to be indifferent, payoffs
need to equal investment costs, we will first introduce the new values v; for each firm
i € {I, E'} at the beginning of the acquisition stage in the laissez-faire regime, depending
on whether the firm owns a patent, ¢t/ € {0,1}:

Lemma B.3 (Payoffs).
In the case with uncertainty at the time of acquisition, consider the laissez-faire policy.
(i) The entrant’s values after the realization of the innovation results are

GAL0) = pr(H) + (1= p)ru(L,0) — k + B(1 — p)(max{r(L,0) — r,m(£,0)} —
7e(L,0) — (¢, L) + k)

oa(0, i) = 0 for it € {0,1}.
(ii) The incumbent’s values after the realization of the innovation results are

71(1,0) = p(r(H) — k) + (1 — p) max{m;(L,0) — x,7;(£,0)}

91(0,1) = p(r(H) — k) + (1 — p) max{m(L,0) — x,7;(£,0)} — 0p(1,0)

740,0) = 7;(¢,0).
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We will refer to the critical thresholds under the alternative timeline, and thus new
values, as 017, 0s7, i € {E,I}. Tt turns out that these critical projects are identical to their

counterparts in the original timeline without uncertainty:

H)+ (1= p)rp(L, 0) — k+
B(1 — p)(max{mr(L,0) — k,77(£,0)} — w(L, £) — (£, L) + )
p(e(H) = x) + (1= p) (7u(L, 0) - s+
B(max{mr(L,0) — k, 71(¢,0)} — w(L, ) — wi(¢, L) + ﬁ))
= pug(H) + (1 = p)vg(L, £) = C(615)

C(le) = 57(1,0) = Spup(H) + (1~ pup(L,0) = 5C(6s) = O(65)

~ - 1. ~ 1
0(9511> = —'U?(LO) + §UIA(O7 1) - IU?(O’ 1) = 5“2(17(»

(pr(H) + (1 — p)mp(L,f) — K+
B(1 — p)(max{m;(L,0) — r,7(¢,0)} — 7p(L,l) —7(¢,L) + K))

- %(pv;‘(H) + (1= p)vg(L, 0) = C(b3).

Since projects costs are strictly increasing in 6, equality of costs establishes equality of the
values themselves, i.e. 84 = 07 and 85 = 02 for i € {I, E}.

Again, under the no-acquisition policy, only two values change, 9% (1,0) = pr(H) +
(1 — p)rp(L,f) — r and Y (0,1) = (1 — p)m;(¢, L); otherwise 0% (¢;,t;) = vm(t;,t;) and
N (ti,t;) = 9(t;,t;). Recall that according to Proposition A.1, the relative position of

critical values is sufficient for the construction of equilibrium research strategies. O

Proposition B.3 implies that equilibrium research strategies in the two policy regimes
do not depend on whether there is uncertainty at the time of acquisition. Moreover, we can
apply Propositions 3 to evaluate the effect of prohibiting acquisitions. Since the effect is
solely based on the research strategies, it is not affected by the amount of the uncertainty

at the time of acquisition.
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B.3.3 Asymmetric Chances of Receiving Patents

We now prove the following result.

Proposition B.4. Consider the case with asymmetric patenting probabilities oy € (0,1)
and aop =1 — ajy.

(i) In any equilibrivm (rY rX) under the no-acquisition policy, the probability of an

innovation is weakly smaller than in any equilibrium (ri, ra) under the laissez-faire

policy.
(ii) The policy effect Ap = PA — PN is independent of o € (0,1).

The subgames after the end of the investment stage are the same as in the main
model, so that the continuation values under the laissez-faire policy are given by Lemma
2, and under the no-acquisition policy they are the same as in Lemma 2 except that
vN(l, L) = m;(¢,L) and v (L,¢) = nx(L,f) — k (as in the main model). In addition, the
critical projects 017 and 6, do not depend on «; so that their definition in Section 3 still
applies. However, aj affects the critical projects 6oy and 6, and thus the equilibrium
investments r;. Denote the critical project fy; under the policy A for the given «a; as

02 (ar), and similarly for the other critical projects. Under laissez-faire,

C(05p(ar)) = (1 — o) (pup(H) + (1 — p)vg(L, 0))
C(@QAI(aI)) = pa;vf(H) +(1—p) (a;vf(L, 0)+ (1 — 041)11}4(6, L)) — (1= p)us(¢, L).

First, note that 07, > 64 (a;) for all a; € (0,1). Furthermore, since 6%, and 62} do not
depend on «y, the following result follows directly (by arguments which are standard by

now).

Lemma B.4. Fiz any a; € (0,1). Under the laissez-faire policy, in any equilibrium,

VA = max{0i, 6% }.

The critical projects under the no-acquisition policy, 2% and 62V, are given as in Section

3 and thus are independent of a;. 6.(a;) and 62 () are defined implicitly as follows:

C(b3p(ar) = (1= ar) (pog (H) + (1 = p)vg (L, 0))
C(O1(ar)) = pagvy (H) + (1 = p) (arvy (L,0) + (1 — ag)vy (¢, L)) — (L = p)oy (¢, L).

Again, note that 07 > 6N:(a;) for all a; € (0,1) and thus, since 61, and 6} do not
depend on ay, it follows directly that:

Lemma B.5. Fiz any o; € (0,1). Under the laissez-faire policy, in any equilibrium,

VY = max{0;, 63 }.

Therefore, neither V4 nor V¥ depend on «;, proving Proposition B.4.
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B.3.4 Heterogeneous Commercialization Costs

We now prove the following result.

Proposition B.5. Suppose k; < kg < wg(L,{) and 7;(L,0) — 7;(£,0) < ky < w(H) —

71(¢,0). In any equilibrium (r¥,rY) under the no-acquisition policy, the probability of an

innovation is strictly smaller than in any equilibrium (rit, 74) under the laissez-faire policy.

Solving the game backwards, we first characterize the behavior of the firms in the

commercialization and acquisition subgames.

Lemma B.6. In the model with heterogeneous commercialization costs, the incumbent
acquires the entrant whenever the entrant holds a patent for any technology. The incumbent

commercializes only the technology H. The entrant commercializes both technologies.

Proof. Since by assumption 7;(L,0) — 77(¢,0) < k; < 7w(H) — 7;(¢,0), the incumbent
commercializes only the H technology. Since m(H) > mg(L,¢) > kg, the entrant commer-
cializes both technologies. In the acquisition stage, if the entrant does not hold a patent,
there is no reason for the acquisition. If the entrant holds a patent for the H technology,
joint profits strictly increase after the acquisition, since 7(H) — k; > n(H) — kg. Hence,
the incumbent acquires the entrant. If the entrant holds a patent for the L technology,
joint profits strictly increase after the acquisition, since 77(¢,0) > mg(L, () — kg +m1(¢, L),

which holds by Assumption 1. Hence, the incumbent acquires the entrant. O

Under the laissez-faire policy, the continuation payoffs are given below.

(i) The entrant’s values after the realization of the innovation results are
va(H) =n(H) — kg + B(kg — K1)
vi(L, €) = (L, ) — kg + B(mr(0,0) — 7p(L, ) — m1(¢, L) + ki)
va(0,t;) =0 for t; € {¢,L, H}.

(77) The incumbent’s values after the realization of the innovation results are
vit(H) = m(H) — ki

v (L, 0) = v(€,0) = 7,(¢,0)

76 L) = mr(¢,0) —vg(L, 0)

vl H) = m(H) — k; —vp(H) = (1 = B) (kg — K1).

Using these continuation values to calculate the critical values, we immediately obtain that

044, < 074, Next, 62 < 6% if and only if C(6)) < C(0i;) or equivalently

v

pui (H) + (1 = p)vi(L,0) = v (€,0) < pug(H) + (1 = p)og(L, () &
p(n(H) = t1) = pr(C,0) < p(n(H) = kg + Bkp — r1)) + (1 = p)vg(L, () &
p((1=B) (ke — wr) = 7(€,0)) < (1 = p)ug(L,0).

61



Since va(L,¢) > 0, for the above to hold it is sufficient that kg — x; < m;(¢,0). Since
me(L,0) > kg and m;(L,0) — 7;(¢,0) < k; by assumption, then kg — k; < mp(L,f) —
(m1(L,0) — 77(£,0)). Furthermore, 7g(L,¢) < m;(L,0) implies that 7g(L,¢) — (7;(L,0) —
71(£,0)) < 77(€,0), so that kg — k; < 77(¢,0) always holds. Therefore, 62 < 6 is always
satisfied.

Together, this implies that 62, > max{603, 07, }, which leads (by arguments which are

standard by now) to the following result.

Lemma B.7. Suppose that k1 < kg < wg(L,¢) and 7;(L,0) — 7;(£,0) < ky < w(H) —

71(€,0). Then, in any equilibrium under the laissez-faire policy, P4 = 07,

Next, we analyze the no-acquisition policy. The continuation payoffs are given below.

(i) The entrant’s values after the realization of the innovation results are

vN(H) =7(H) — kg

vN(L,0) = (L, 0) — kg

vN(0,t7) =0 for t; € {¢,L, H}.
(i) The incumbent’s values after the realization of the innovation results are

vN(H) =7m(H) — Ky

v (L,0) = o (¢,0) = 7;(¢,0)

oM, L) = 7;(¢, L)

oM (¢, H) = 0.
As before, it is immediate that 62, < 6,. Next, 0 < 60, if and only if C(6) < C(07;)

or equivalently

IN

pvy (H) + (1 = p)oy' (L,0) — v}’ (£,0)
p(m(H) — k1) — pri(£,0)
—prr — prr(¢,0)

pug (H) + (1= p)vg (L, €) &
p(r(H) — rp) + (L —p)(7p(L,{) — kp) &
( —p)ﬂ'E(L,f) — RE.

IN

IN

For this inequality to hold, it is sufficient that

—p(m(L,0) —7(¢,0)) — pr(¢,0) < (1 —p)np(L,0) — (L, () <
—pﬂ'I(L, O) < —pﬂ'E(L, g) =
7T[(L, O) Z 7TE(L, f)

which is satisfied by assumption. Therefore, 1% > max{0);, 62}, which leads (by argu-
ments which are standard by now) to the following result.

Lemma B.8. Suppose k; < kg < mg(L,f) and 7r(L,0) —7(¢,0) < ky < w(H) —m;(¢,0).

Then, in any equilibrium under the no-acquisition policy, PY = 62,

Since 6N, < 62, the two lemmas in this section prove Proposition B.5.
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B.3.5 Licensing of Innovation

Consider a game which is identical to the game in our main model, except that between the
commercialization stage and the market stage, the firms negotiate a licensing agreement,
the outcome of which can be no agreement. The firms reach a licensing agreement only
if it increases their joint profits and only the commercialized technology can be licensed.
The market profits in the game without licensing are equal to the no-agreement outcome
and are denoted with m;(t;,¢;). The market profits in the game with licensing are denoted

with 7£(t;,t;). We now prove the following result.

Proposition B.6. Suppose that functions m;(t;,t;), satisfy Assumptions 1 and 2. More-
over, suppose that max{m;(t;,0),m;(t;,0)} > 7f(t;, t;) + 75 (t;,t;), for all t; and t; and the
inequality is strict when both firms are active. Then the game with licensing has identical
outcomes to the game without licensing where the profit functions wr(¢, L) and mg(L,{) are
substituted with T5(¢, L) and w5(L, (). Moreover, the profit functions w5 (t;,t;) also satisfy

Assumptions 1 and 2.

Step 1: A necessary but not sufficient condition for the firms to reach a licensing
agreement 1s that the entrant discovers the L innovation.
Consider first the case when nobody innovates so that (t;,tg) = (¢,0). From the condition
max{;(t;,0), m(t;,0)} > w5 (t;, ;) + 75 (L5, 1;), we obtain

max{7;(¢,0),77(0,0)} > wF(¢,0) + Wf((),ﬁ) &
m(€,0) > 77 (£,0) + 75(0, £).

Thus, licensing cannot increase total profits, and no licensing agreement is reached. The
cases when the incumbent innovates, or when the entrant innovates with H are analogous.
This implies that m;(t;,¢;) = w5 (t;,t;) except for 7% (¢, L) and w&(L, ().

Step 2: The profit functions in the game with licensing satisfy Assumptions 1 and 2.
By Step 1, Assumptions 1(ii), 1(ili) and 2(ii) hold immediately, so that we only need
to demonstrate the claim for 7%(¢,L) and w4&(L,¢). Since 7<(t;,t;) > mi(t;,t;) > 0,
Assumption 1(i) is satisfied and since 74 (L, ¢) > 7g(L,{) > k, Assumption 2(i) is satisfied
as well. Assumption 1(iv) also holds since max{m;(t;,0), m;(t;,0)} > nf(t;,t;) + 75 (t;,t:),

for all ¢; and ¢; and the inequality is strict when both firms are active.

B.4 Consumer Surplus Effects

We now ask under which circumstances the positive competition effect of prohibiting ac-

quisitions dominates the negative innovation effect from a consumer perspective, focusing
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on the killer-acquisition case.?® We provide the main results in Section B.4.1. Section

B.4.2 gives the details for the parameterized examples.

B.4.1 Main Results

We denote consumer surplus when the entrant competes with technology L against the
incumbent as S(¢, L), and as S(t) for a monopoly with technology ¢ € {¢, H}.*! We assume
that S(H) > S(¢,L) > S(¢). Thus, consumers prefer the high-state monopoly to the
duopoly, which they prefer to the low-state monopoly in turn. We denote the probability
of a duopoly in policy regime R as prob™(¢,L) and the probability of a monopoly with
technology t € {¢, H} as prob™(t).*> Then, the expected consumer surplus under laissez-

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

The following result gives a simple condition under which the competition effect dominates

the innovation effect from a consumer perspective.

Proposition B.7. Suppose the killer-acquisition case applies. Prohibiting start-up acqui-

sitions increases the expected consumer surplus if and only if
prob™ (¢,L)[S (¢, L) — S (¢)] > [prob™ (H) — prob™ (H)] [S (H) — S (¢)].

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

difference

prob™ (€, L) S (¢,L) + [prob™ (H) — prob™ (H)] S (H) +
[pTObN () — prob” (6)] S() =
prob™ (¢,L)[S (¢, L) — S ()] + [prob™ (H) — prob™ (H)] S (H) +
[prob™ (€) + prob™ (¢, L) — prob™ (£)]5 (¢)

40Tn the genuine-acquisition case, such an analysis is not necessary for 911413 < 9{1[, because then there
is no innovation effect by Proposition 3. If 7 > 4}, the analysis and the insights for the genuine- and
killer-acquisition cases are similar. However, since the decomposition of the welfare effect is more involved
in the former case, we focus on the killer-acquisition case.

4INote that, while only the incumbent can be a monopolist with technology ¢, both incumbent and
entrant may end up with an H monopoly in both regimes.

42Note that these probabilities follow directly from the equilibrium innovation strategies (r7,7g), char-
acterized in Propositions A.2 and A.3.
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The result then follows because
prob™ () + prob™ (¢, L) — prob™ (¢) = prob® (H) — prob™ (H).

O

The proposition illustrates the countervailing effects of prohibiting acquisitions. On
the one hand, the policy measure introduces desirable competition (and potentially better
technology) with probability prob™ (¢, L), leading to a competitive surplus S (¢, L) rather
than the non-competitive surplus S (¢). On the other hand, the measure reduces the
probability of a drastic innovation (which would increase consumer surplus from S(¢) to
S(H)) by prob (H)—prob™ (H). Note that S (H)—S (¢) depends on the size of the drastic
innovation and, closely related, on its effect on demand, whereas S (¢, L) — S (¢) captures
the consumer value of duopolistic competition. Both terms are independent of the firms’
investment decisions. By contrast, prob™ (¢, L) is the product of the entrant’s endogenous
innovation probability under the no-acquisition policy and the conditional probability 1—p
that this innovation is non-drastic. prob® (H) — prob™ (H) is the product of the effect of
the acquisition policy on the probability of an innovation success (see Section 4) and the
conditional probability p that an innovation is drastic.

These general considerations lead to some insights into the determinants of the con-
sumer surplus effect. Assuming that the effect on probability corresponds to the effect
on variety (see the discussion of Proposition 3(b)), an increase in the entrant’s bargain-
ing power f3 increases prob (H) — prob™ (H) and thus the adverse innovation effect of a
restrictive acquisition policy; there is no such effect when 8 = 0.3 Therefore, a restric-
tive acquisition policy will always be justified for sufficiently low bargaining power of the
entrant, but not necessarily when this bargaining power increases.

Our focus on consumer surplus in this welfare discussion reflects the common practice
of many competition agencies. That said, extending the analysis beyond this welfare
standard may well be interesting. For instance, the discussion of duplication in Section

6.3 suggests further channels by which the acquisition policy can affect welfare.

B.4.2 Calculations for Consumer Surplus Effects in Figure 4

Product Market We assume linear demand and consider both heterogeneous Bertrand

as well as Cournot competition. The utility of the representative consumer is given by:

1
U(qr,qr) = arqr + apqe — 5 [(g21 + ©2) + 27q19E]

43Remember that the extent to which the policy induces desirable competition only depends on the
entrant’s innovation probability under no-acquisition, which is independent of 3.
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Figure 4: Effect of prohibiting acquisitions on consumer surplus: Contour plot depicts effect
levels when firms compete a la heterogenous Bertrand (left panel) or heterogenous Cournot (right
panel) based on a parameterized example as described in Section B.4.2. Brighter shade implies
lower effect and the “0” highlights the no effect contour line.

where ¢; is the quantity consumed from firm i € {I, E}, «; is a quality parameter and -y
governs substitutability. If v = 0, both products are independent. When both firms are
active, the demand functions are:

Q; — Y — pi + P
1 — 2 '

Qi(pivpj) =

We normalize marginal cost of production to 0, hence we focus on product innovations
which may increase the quality parameter «;. The quality of the incumbent’s product is
ar, € RT, which is also the quality of the entrant’s product under a non-drastic innovation,
i.e. L = /(. The minimum quality level of a drastic product innovation is then given by the
condition that, even if the firm owning the drastic technology oy sets a monopoly price,
the rival firm cannot profitably compete in the market, which can be derived as ay > %a L

Assumptions 1(i), (ii) and (iii) are satisfied by construction. For suitable parameter

spaces 1 (iv) and 2 are satisfied as well.

Innovation Effect We assume that C(f) = *% (where s > 0) to calculate the equi-

librium investments. Remember that for some critical value constellations, equilibria

are not unique. Therefore, we calculate bounds on the innovation and competition ef-

fects. Using Proposition A.2 and denoting equilibrium intermediate effort levels with

_ _ C(bur(p)-C(6) __ Cip(w)-C(6)
r5(0) = o 00) -y 204 77(9) = G p00)-Cwaptay» Where # € {A, N}, the upper and

lower bound innovation probabilities in the laissez-faire regime are

probA(H)/p = 01y
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prob™ (H)/p = 67y — max{6{; — 65,0}
011
+ max{ ra 4 rit —rarddd, 0}.
02

Using Proposition A.3, the upper and lower bound in the no-acquisition regime are:

prob¥ (i) /p = 0%
—max{mln{é’y, B — max{@ll? E}ao}

min{fz2s,01 £} N N
+ max{ ry N —rNrNdo, 0}
max{017,025}

prob™ (H)/p = 67,
‘mln{¢92], &} — max{61}, 0 E}’

min{0s7,01 5}
/ rg + 7’[ Ty T}Vdé’

max{@u :92E}

_I_

We obtain the upper bound on the effect on drastic innovation by selecting equilibria in the
two regimes, such that the policy has the least negative effect on the probability of drastic
innovation, which is prob™(H) — prob®(H). Similarly, the lower bound is prob™ (H) —
probA(H).

Competition Effect The competition effect is given by the reduction in the entry prob-
ability. Since there is no competition in the laissez-faire regime, we only need to consider
the probability of an L innovation by the entrant in the no-acquisition regime. We again

calculate upper and lower bounds using Proposition A.3:

probN(L,L)/(1 —p) = 9 + 0N, — min{65, 02

min{63],00V,}
+ max{ (1 — ) +

max{eé\fE,H{\II}
prrObN<L7 L)/(l - ) 9 + elE mln{max{elb I}? G{VE

min{GZI,GlE} N
+ max{ YA —rN)+

max{Gé\’E,H{\II}

1
2rEr§Vd9 0}

1
ZTET}VdQ 0}.

Overall Consumer Surplus Effect Note that consumer surplus differences S(L, L) —
S(L) and S(H) — S(L) are calculated by the net utility difference of the representative
consumer for the respective technological states of the firms. The upper bound on the
consumer surplus effect AS represents the effect of banning acquisitions when selecting
equilibria which are most preferable to the policy change, thus considering the upper

bound on the competition and the innovation effect; vice versa for the lower bound on the
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consumer surplus effect AS (see Proposition B.7):

S = prob™ (L, L) [S(L, L) — S(L)] + (prob™ (H) — prob*(H)) [S(H) — S(L)]
S = prob™ (L, L) [S(L, L) — S(L)] + (prob™ (H) — probA(H)) [S(H) — S(L)] .

Parameter Values Figure 4 is constructed considering the following values for the qual-
ity parameters: a;, = 0.5, ag = 1.5. The probability of a drastic innovation is chosen at
p = 0.01, such that consumer surplus effects are unique, that is effects where AS = AS.
Other parameters differ by mode of competition to bring the depicted effects on a similar
level. The scaling parameter in the investment cost function is taken to be s = 2 (s = 0.5)
and the commercialization costs are given by x = 0.005 (k = 0.028) in case of Bertrand
(Cournot) competition. We consider v > 0.70 to make sure Assumption 1(iv) is satisfied
and v < 0.95 to make sure Assumption 2 is satisfied. Hence, Figure 4 is depicted in the
parameter space v € [0.70,0.95] and 8 € [0, 1].

B.5 One-dimensional Innovation Model

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 z; be the probability that the firm i € {I, E'} discovers the innovation, with the
associated cost given by K(-), where K is strictly increasing and convex. Apart from the

investment stage, the model is unchanged.

Profits and Best Responses The expected profit of the incumbent and the entrant,

given xy and xg, can be written as

B (27, 25) — 21(1 — %xE) pos(H) + (1 — p)os(L, 0)

+xp(1— %x])(l —p)or(6, L)+ (1 —x1)(1 —zg)vr(4,0) — K(x1)

1
EHE(QZE, JJ[) = LEE(l — 556[) [va(H) -+ (1 — p)?}E<L,£)] — K($E>
Consequently, the first-order conditions and, implicitly, the best responses of the firms are

K'(ea(ve) = (1=2) [pos(H) + (1 = p)us(L,0) = ur(,0)
+ semlpur(H) + (1= p)(er(L,0) = 0r(6, 1)
K'(as(er)) = (1~ a1) lpus(H) + (1~ p)op(L, 0]
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The Nash equilibrium solves the above system of equations and is denoted by (z%, %)%

Note that the values v (7", t%) and vg(t* t7") are exactly the same as in the main
model and thus given by Lemma 2 for the laissez-faire regime. If acquisitions are prohib-
ited, the only terms changing in the above first-order conditions are v;(¢, L) and vg(L, ).
Thus, we use superscripts to disentangle the different regimes: v#(¢,L) and v (L,¢) in
laissez-faire and v¥ (¢, L) and v¥ (L, £) in the no-acquisition policy, where v (¢, L) = (¢, L)
and vY (L, 0) = (L, 0) — k.

If acquisitions are prohibited, the incumbent’s payoff is lower when the entrant dis-
covers an innovation (compared to the case when acquisitions are allowed), increasing her
incentives to invest in R&D in order to drive out the entrant. However, the entrant also
receives lower profits when he obtains a non-drastic innovation, which reduces his over-
all innovation incentives. 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 assume 7(¢,0) > 7(L,0) —
K, so that v;(L,0) = v;(¢,0). To simplify the comparison between policy regimes, we
introduce a new parameter u, 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'(z(zp);p) =(1 — zp)p(vr(H) —vi((,0))

+ Sen(pui(H) + (1~ p) [(L,0) + (1 - p)(or(£,0) ~ o' (¢, L))])

K (wp(a) 1) =(U~ ar) (pos(H) + (1= p) [iwd(L, ) + (01— (L, )]

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

Pr(Innovation) = 7 (p) + 2p(n) — 27(1) 25 (1)

N dPr(Ingzvation) - xE(u»dxjiu) - w}}(u))dx:?liu)

We use the implicit function theorem on the first order conditions of the incumbent

z7 (1) and dap (1)
dp dp

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

and entrant to evaluate the effect on the innovation efforts, d . Inserting

dPr(Innovation)  szp(p)(1 —p) (v (¢, L) — v (¢, L)) * T

dp ||

(1 —575() (A —p)(ve(L, £) — vE (L, )+ €
/1

+

44Second order conditions are satisfied due to convexity of K ().
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where

1

T =51 = 27()(pve(H) + (1= p)(pvp(L, £) + (1= o (L, £)))

— (1 = ap(u) K" (2% (1)
and

& = 51~ () [pur(E) + (1 = p)(or(6.0) = o' (6.L) = (1= p)off (£, 1)

= 2p(vr(H) = vr(€,0)] + (1 — 27 (1)) K" (27 (1))-

Note that the Jacobian matrix J is the collection of second-order partial derivatives and
is negative definite assuming strict convexity of the cost function K (z). Hence the deter-
minant 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 Z and €.

This sign is not clear ex-ante. If 3 = 0, so that va(L,¢) = v (L,¢), then the sign of

the effect on innovation probability is determined by

dPr(Innovation)
dp

(1 = 25 ()K" (@)

202 065 (us(H) + (1= P (£, ) 2 250

This effect is likely to be negative for large competition intensity in a duopoly, i.e. relatively
small w(L, () = v§ (L, 0) + k.
If the entrant has all bargaining power, i.e. 8 = 1 and v}(¢, L) = vN (¢, L), we get a

similar expression for the sign of the effect:

dPr(Innovation)
dp
& (1 —p)(vr(€,0) —oN (£, L)) + p(2v;(£,0) — v (H)) = —2

lp=120

(1 — 27 ()K" (z7 (1))
1—ap(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, if firms cannot target their R&D efforts towards specific
projects, the innovation effect of a more restrictive policy towards acquisition of start-ups

will be ambiguous in general.
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