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Abstract

We analyze in an infinite-horizon, discrete-time setting a horizontally dif-

ferentiated duopoly where the incumbents compete in the product market and

for the acquisition of innovative start-ups. Start-ups develop complementors of

the products in the two ecosystems. Acquisitions increase the value of the ac-

quirer while imitation partially closes the gap of the laggard. We show that the

front-runner always acquires the start-up along the equilibrium path, providing

an incentive (invention for buyout) to innovate. However, serial acquisitions

consolidate the front-runner’s advantage (entrenchment of monopoly), weak-

ening in the long run the incentives to innovate. Under certain conditions,

a restrictive policy that prevents the current front-runner from acquiring the

start-up may lead to a higher steady-state level of innovation.

1 Introduction

In many high-technology sectors, incumbent firms routinely acquire start-ups that

have developed innovative products and integrate those products into their pro-

∗This version replaces a previous version of the paper, based on a simplified two-periods model.
†Toulouse School of Economics
‡University of Bologna and CEPR
§Bocconi University and IGIER
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prietary ecosystems.1 This pattern of acquisitions has attracted growing antitrust

scrutiny. A central concern in the policy debate is that repeated acquisitions by domi-

nant incumbents may entrench monopoly power, thereby weakening competition and

reducing incentives to innovate.2 These concerns have begun to shape competition

policy, both in the United States3 and in Europe.4

Despite the prominence of this argument, formal analyses of the entrenchment-

of-monopoly effects of acquisitions remain relatively limited. In Denicolò and Polo

(2026), we developed a dynamic model of sequential acquisitions of innovative start-

ups that allows us to deal with this issue. We show that there exists a trade-off be-

tween the positive short-term effect of acquisitions on the start-up innovative effort

(invention for buyout), and a negative long-term effect (entrenchment of monopoly),

which reduces the incentives to innovate. The perspective of being acquired pushes

up a start-up’s innovative effort, since innovation, once included in the incumbent’s

offer, is more valuable, and the start-up can extract part of this improvement through

the acquisition price. However, repeated acquisitions increase the incumbent’s dom-

inance, thereby reducing the ability of the start-up to appropriate a share of the

innovation’s value through the acquisition price and, eventually, reducing the incen-

1Prominent examples in digital markets include Facebook’s acquisitions of Instagram andWhat-
sApp, Google’s acquisitions of YouTube and Waze, and Microsoft’s acquisition of LinkedIn. These
transactions, however, are only the most visible instances of a broader acquisition pattern. Focusing
on the five largest U.S. technology companies, Motta and Peitz (2021) report 42 acquisitions by
Amazon, 33 by Apple, 21 by Facebook, 48 by Google, and 53 by Microsoft over the period 2015–
2020. In a retrospective study of non-HSR-reportable transactions, the Federal Trade Commission
(2021) identified 616 transactions by Alphabet, Amazon, Apple, Facebook, and Microsoft between
2010 and 2019, excluding hiring events and patent acquisitions.

2See, for instance, Crémer et al. (2019), Furman et al. (2019), and Scott Morton et al. (2019).
3See the 2023 U.S. Merger Guidelines, which emphasize the potential effects of mergers on

innovation and identify dominant-firm entrenchment, platform mergers, and serial acquisitions as
areas of particular concern. In particular, Guideline 8 provides that when a merger is part of a
series of multiple acquisitions, the agencies may examine the series as a whole.

4In the European Union, these concerns are reflected both in merger and antitrust enforcement
in digital markets, in the recent Draft Horizontal Merger Guidelines and in the Digital Markets
Act, Regulation (EU) 2022/1925, an ex ante regime for designated gatekeepers. The DMA entered
into force in November 2022 and became applicable in May 2023. Among other things, it prohibits
designated gatekeepers from favouring their own services in ranking over competing third-party
services and requires gatekeepers to inform the Commission of intended concentrations involving
core platform services, other digital-sector services, or data collection.
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tives of future entrants to innovate.

In Denicolò and Polo (2026), we develop these results in a setting where each

start-up has the potential to displace the incumbent if it remains independent. Un-

der this assumption, we showed that, in the long run, a restrictive antitrust policy

that prohibits acquisitions may outperform a lenient policy that allows them, both

in terms of innovation and consumer welfare. The mechanism is that repeated ac-

quisitions strengthen the incumbent’s market dominance over time, thereby reducing

the ability of the start-up to appropriate a share of the innovation’s value through

the acquisition price and, eventually, reducing the incentives of future entrants to

innovate.

Assuming that the new product developed by a start-up may threaten the incum-

bent’s dominant position, representing a higher quality substitute, does not apply to

several economically relevant cases, especially in consolidated markets.5 If we look at

innovative industries as the digital markets, most acquired start-ups do not develop

products capable of replacing the incumbent’s core business. More often, they intro-

duce niche or complementary products that can be integrated with the incumbent’s

existing products, expanding the range of functionalities offered to users. Acquisi-

tions of this kind allow the incumbent to enlarge the perimeter of its ecosystem and

increase the value of its overall offer.

In such cases, the start-up’s product cannot replace the incumbent’s ecosystem,

because the core technologies and products remain under the incumbent’s control.6

Rather, the acquired product adds a new component to the existing bundle. By

increasing the value of that bundle, it makes the incumbent’s ecosystem more at-

tractive relative to competing ones. Thus, ecosystems may still compete by offering

5Replacement may be more likely in the early stages of a newly created industry. In search,
for example, Google displaced Yahoo within a few years of entry and subsequently became the
dominant firm.

6In the case of higher quality substitutes considered in Denicolò and Polo (2026), the start-up
builds upon the current technology of the incumbent, which can therefore be accessed, improving
its quality.
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substitute solutions to users, but the acquired products are complements to the in-

cumbent’s existing components and enhance the ecosystem’s overall value.

In this paper, we show that the same basic mechanism analyzed in Denicolò

and Polo (2026) operates even in this alternative environment, although through a

very different mechanism. We consider an infinite horizon duopoly in which two

horizontally differentiated ecosystems compete in the product market and in the

acquisition of start-ups, which develop in each period a complementary product. We

show that the higher value ecosystem always acquires the start-up, consolidating its

dominance, while the laggard partially imitates the new product with a lag. The price

paid by the front-runner to the start-up is the incremental value of the innovation

for the laggard, which decreases as the front-runner dominance is entrenched. As

a result, the trade-off between the invention for buyout and the entrenchment of

monopoly also operates in this alternative setting.

Finally, we consider a restrictive policy that prevents the current front-runner

from acquiring the start-up. Under this regime, the acquisition price is the outcome

of the bargaining between the start-up and the laggard. We show that, when the

discount factor is small, if the start-up’s bargaining power vis-à-vis the laggard is

sufficiently high, the steady state-level of innovation is higher than under a lenient

policy.

The rest of the paper is organized as follows. Section 2 discusses the related

literature. Section 3 presents the model, describing competition between ecosystems,

the role of start-up innovation, and the dynamics of market dominance. Section 4

analyzes the equilibrium under a lenient acquisition policy, in which both incumbents

are allowed to acquire the start-up. Section 5 studies a restrictive policy, whereby

the current front-runner is prevented from acquiring the start-up, and compares its

long-run effects on innovation with those of the lenient regime. Section 6 concludes.
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2 Relation to the literature

The growing literature on the effects of acquisitions on the incentives to innovate

of start-ups7 may be usefully distinguished between models that analyze a single

acquisition and innovation in isolation, and papers that entail a dynamic framework

in which more than one innovation is considered.8 Models of isolated innovations

have been used both to demonstrate the positive invention-for-buyout effect (see, for

instance, Mason and Weeds, 2013, Phillips and Zhdanov, 2013, and Letina et al.,

2021) and to uncover various adverse effects of acquisitions on innovation.

In an important contribution, Cunningham et al. (2021) have shown, both the-

oretically and empirically, the profitability of ”killer acquisitions,” in which the new

owner suppresses one or more research projects initiated by the takeover target in

order to prevent the cannibalization of its own market. In contrast, Gilbert and Katz

(2022) show that the incumbent can be biased against shutting down the entrant’s

project as having multiple products may facilitate price discrimination. Our analysis

abstracts from these effects.

Even when the acquirer completes the start-up project, consumers’ harm can

arise due to a lessening of competition (Motta and Peitz, 2021), or because the

acquisition induces the acquirer to interrupt its own project to avoid duplication

(reverse killer acquisition according to Caffarra et al. (2020). In a similar vein,

Kamepalli et al. (2020) suggest the possibility of a ”kill zone,” where entrants,

whose innovations would challenge the incumbent’s dominance, are discouraged by

the threat of an aggressive reaction.

7In recent years the topic has been extensively addressed also on the empirical side. See, for
instance, Affeldt and Kesler (2021a) and (2021b), Alezra and Berquier (2024), Barsy and Gau-
tier (2024), Ederer, Seibel and Simcoe (2025), Gautier and Maitry (2024) Eisfeld (2025). Since
this paper remains on the applied theory side, we do not expand this review on the empirical
contributions.

8There is also an extensive literature on the impact of mergers on innovation, which analyzes
the effect of mergers on post-merger innovation incentives. For an excellent synthesis, see Bourreau
et al. (2021) and Lefouilli and Madio (2026). In contrast, this paper focuses on the impact of
acquisitions on the pre-merger incentives to innovate of potential targets.
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In addition, a recent literature uses static models to analyze the impact of ac-

quisitions not only on the rate but also on the direction of technological progress.

In particular, acquisitions can affect the diversity of research projects (Letina et

al., 2021), the degree of horizontal product differentiation (Gilbert and Katz, 2022),

whether innovators target substitutes or complements of the incumbent’s product

(Shelegia and Motta, 2021; Dijk, Moraga-Gonzàlez and Motchenkova, 2023), and

whether they target the product of the market leader or of the follower (Bryan and

Hovenkamp, 2020a). Bedre-Defolie, Biglaiser, Jullien (2026)) show that the start-

up can distort the innovation in such a way to increase the competition between

acquirers, extracting a higher acquisition price.

The present paper, instead, forms part of the strand of the literature analyzing

antitrust policy in dynamic models of repeated innovation, an approach started from

the pathbreaking contribution of Segal and Whinston (2007). In dynamic models,

a crucial feature is whether the degree of market dominance is constant over time

(Segal and Whinston (2007), Cabral (2018, 2021), or evolves over time due to the

acquisition dynamics.

When the degree of market dominance depends on the previous acquisitions,

a new channel has to be considered. If repeated acquisitions lead to enhancing the

incumbent’s advantage and to weaken the ability of the start-up to extract part of the

surplus generated by the innovation post-acquisition, the incentives to innovate may

progressively dry up. This effect (”entrenchment of monopoly”) is first explored

in Denicolò and Polo (2026), showing that while each acquisition, considered in

isolation, increases the incentive of the involved start-up to invest in innovation, the

long-run effect of serial acquisition may backfire, reducing the steady state level of

innovation.

This result illustrates the importance of far-sighted vs myopic antitrust review

of mergers and acquisitions, first considered in Nocke and Whinston (2010). The
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trade-off between short-run and long-run effects in merger review is analyzed also in

Hollenbeck (2020) and Mermelstein et al. (2020). Other papers embed the sequence

of acquisitions in a general equilibrium framework. Cavenaile et al. (2021) find that

strengthening antitrust enforcement could yield substantial welfare gains in the long

run, though the complexity of their computable general equilibrium model makes it

challenging to identify the relevant channels. Similarly, Fons-Rosen et al. (2022) find

that a stricter policy may boost the economy’s growth rate in a model of endogenous

growth that features a form of the entrenchment-of-monopoly effect.

Finally, a first attempt to model competition between ecosystems and the role

of start-up acquisitions is Heidhues, Köster, and Kőszegi (2024).

3 The model

We study a discrete-time dynamic model of an industry with two incumbent firms,

each offering a product bundle. The bundles are differentiated both horizontally and

vertically. In each period, the firm offering the higher-value bundle is designated as

the front-runner, while its rival is the laggard. The overall quality of the bundles

evolves through innovation, acquisition, and imitation. Innovation is carried out by a

series of start-ups, one in each period. These start-ups develop new products that are

complementary to the incumbents’ existing offerings, in the sense that they generate

greater utility when integrated into an ecosystem than when marketed independently.

Incumbents compete to acquire these start-ups. In addition, the laggard can partially

imitate the front-runner in each period, thereby improving the value of its bundle.

These forces determine the evolution of the quality gap between the front-runner

and the laggard. This gap represents the front-runner’s incumbency advantage and

constitutes the main state variable of the model.

We now present the model’s set up in greater detail.
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3.1 Firms and products

Time is discrete and the time horizon is infinite. In each period t, there are two

long-living firms, indexed by i = 1, 2. These firms are forward-looking and maximize

their discounted stream of profits, with a common discount factor δ < 1.

Each firm i offers a bundle of products. Consumers perceive the firms’ bundles as

differentiated both horizontally and vertically. Specifically, preferences are modeled

using a standard quality-augmented Hotelling framework. Horizontal differentiation

arises from firms being located at x1 = 0 and x2 = 1, with consumers uniformly

distributed along the unit interval. The transportation cost is a linear function of

the distance to the firm they choose to patronize. Vertical differentiation is captured

by the value of the bundle, Ui,t. The initial values Ui,0 are exogenously given and are

assumed high enough to ensure that the market is covered.

The net utility of a consumer located at y ∈ [0, 1] who purchases from firm i a

bundle of value Ui,t at price pi,t is:

ui,t = Ui,t − pi,t − φ|xi − y|. (1)

where φ denotes the unit transportation cost. The resulting demand for firm i is:

Di,t =
1

2
+

Ui,t − Uj,t

2φ
+

pj,t − pi,t
2φ

. (2)

We assume zero marginal costs. Furthermore, we assume that φ > 2 to guarantee

that both firms have positive market shares in equilibrium.

3.2 Start-ups

In each period t, a start-up (indexed, with slight abuse of notation, by t) enters and

develops a new product of quality qt, incurring a cost C(qt) =
q2t
2
. The new product

can be integrated into either firm’s bundle through acquisition, in which case it
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increases the bundle’s value additively. Alternatively, the start-up may market the

product independently. In this case, reduced interoperability with the ecosystems

lowers the value delivered to consumers; for notational simplicity, this reduced value

is normalized to zero.

3.3 Timing

Each period unfolds in four stages. In the first stage (ex ante), a start-up enters

and chooses the size of its innovation. In the second stage (interim), incumbent

firms, having observed the quality of the new product, bid to acquire the start-up

and incorporate the new product into their ecosystems. In the third stage (ex post),

product-market competition takes place. Finally, in the fourth stage (transition),

imitation occurs, and the economy transitions to the next period.

3.4 Market dominance

In each period t, the firm offering the more valuable bundle is denoted the front-

runner, F, while the other firm is the laggard, L. The identity of the front-runner

and the laggard may change over time as innovations are realized and start-ups are

acquired.

We denote the quality gap between the front-runner and the laggard at the

beginning of period t as:

gt = UF,t − UL,t > 0. (3)

This quality gap evolves through imitation, which tends to reduce gt, and through

the acquisition of start-ups, which may either increase or decrease the gap, depending

on which firm finalizes the acquisition.

9



3.5 Acquisitions

Under a lenient acquisition policy, both incumbents are allowed to acquire the start-

up and compete for it. We model this competition as a second-price auction: each

firm i ∈ F,L submits a bid Bi,t, the start-up is acquired by the highest bidder, and

the acquisition price is equal to the losing bid.

In the second part of the paper, we consider a restrictive acquisition policy,

whereby only the laggard is permitted to acquire the start-up. In this case, the

acquisition price is determined through bilateral bargaining between the laggard and

the start-up. The disagreement point corresponds to the outcome in which the start-

up markets its innovation independently (at a reduced value) and the laggard offers

its former bundle (augmented by the imitation). Compared with this outcome, the

acquisition generates a positive surplus, of which the start-up receives a share β,

while the laggard retains the remaining share 1− β.

3.6 The dynamics of market dominance

If the front-runner Ft acquires the start-up in period t (case F) its dominance is

reinforced. At the product-market stage, the bundle’s value becomes UF,t+qt for the

front-runner and remains UL,t for the laggard. The resulting quality gap is:

gFt = gt + qt. (4)

If, instead, the laggard acquires the start-up (case L) the bundle’s value remains

UF,t for the front-runner and becomes UL,t + qt for the laggard. Two cases arise.

If qt < gt, the innovation is not large enough to overturn the initial ranking. The

front-runner remains the higher-value firm, with bundle values UF,t and UL,t+qt. The

gap at the product-market competition stage is therefore gt − qt. If instead qt > gt,

the innovation is sufficiently large for the laggard to leapfrog the front-runner. The
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former laggard becomes the new front-runner, and leads by qt− gt. Hence, when the

laggard acquires the start-up, the post-acquisition technology gap is:

gLt = |gt − qt|. (5)

After product-market competition has taken place, in the fourth stage the laggard

can partially imitate the front-runner. Specifically, we assume that, as a result of

imitation, at the beginning of period t + 1, the quality gap is reduced by a factor

µ < 1 and thus becomes:

gt+1 = µgAt . (6)

where A = F ,L. Thus, 1 − µ is the rate of imitation. The dynamics of market

dominance, therefore, depends on the rate of innovation and imitation, and on the

pattern of acquisition.

4 Lenient policy rule

In this section, we derive the equilibrium under a lenient policy whereby both firms

can acquire the startup. We start with the equilibrium prices and profits, and then

proceed backward to the acquisition stage and the start-up’s choice of the size of the

innovation.

4.1 Product market equilibrium

At the product-market competition stage, conditional on the outcome of the acqui-

sition A = F ,L, the demand functions are:

DA
F,t =

1

2
+

gAt
2φ

+
pL,t − pF,t

2φ
(7)
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and

DA
L,t =

1

2
− gAt

2φ
+

pF,t − pL,t
2φ

. (8)

When choosing prices, firms realize that current profits do not affect the fu-

ture evolution of the game and thus maximize their per-period profits. Standard

calculations show that the Nash equilibrium prices are as follows:

pF,t = φ+
gAt
3

(9)

and

pL,t = φ− gAt
3
, (10)

with the resulting equilibrium profits:

ΠF,t =
(3φ+ gAt )

2

18φ
, (11)

and

ΠL,t =
(3φ− gAt )

2

18φ
. (12)

4.2 Acquisition

Proceeding by backward induction, consider next the acquisition stage. Given the

firms’ roles at the beginning of the period, competition for the start-up can yield two

outcomes: either the front-runner acquires the start-up (case F), thereby reinforcing

its leadership, or the laggard does (case L). In the latter case, if qt ≤ gt the ranking

remains unchanged, although the technology gap narrows. If, instead, qt > gt, the

laggard becomes the new front-runner.

Unlike the pricing subgame, which affects only current-period profits, the ac-

quisition stage shapes the entire subsequent evolution of the game. Since firms are

forward-looking, their bidding decisions reflect a dynamic evaluation of continuation
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payoffs, as summarized by their value functions. We denote such value functions,

evaluated at the beginning of period t, as V (gt) for the front-runner and W (qt) for

the laggard.

Proposition 1 (Increasing dominance) When δ is small, the front-runner al-

ways wins the auction, and the acquisition price is equal to the laggard’s bid, BL,t.

Proof: See the Appendix. ■

Proposition 1 states that the front-runner always wins the auction when the

discount factor is small, and most of the value function depends on current profits.

This result depends on the difference in profits between winning or losing the auction

being larger for the front-runner than for the laggard. In turn, this property directly

derives from the profits being convex in the quality gap. We can show that this

convexity property carries over to the value functions for any positive value of δ, so

that:

V (gFt ) +W (gFt ) > V (gLt ) +W (gLt ).

Hence, the result stated in Proposition 1 holds true for any value of the discount

factor δ.

4.3 Innovation Size

Anticipating the equilibrium bids in the acquisition stage, the start-up chooses the

size of the innovation to maximize its payoff:

BL,t(gt, qt)−
q2t
2
.

The optimal choice of qt is given by the first-order condition 9:

∂

∂qt
BL,t(gt, qt) = κqt. (13)

9The second order condition holds in all relevant cases.
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4.4 Equilibrium value functions

Building on Proposition 1, we can now provide an implicit characterization of the

value functions. Since the front-runner always wins the auction, the advantage is gFt

along the equilibrium path. The value of being the front-runner at the beginning of

period t is then the solution to the following equation:

V (gt) = ΠF,t(g
F
t )−BL,t(g

F
t ) + δV (µ(gFt )) (14)

whereBL,t(gt, qt) is given by (36) or (37 (see Appendix), depending on whether qt > gt

or qt < gt. The first two terms on the right-hand side represent the period payoff.

Since the front-runner wins the acquisition auction, this payoff is given by the period

profit corresponding to the new quality gap minus the acquisition price. The last

term on the right-hand side is the continuation value: the front-runner remains the

technological leader in period t+ 1, but the size of its lead is reduced by imitation.

By a similar logic, the value of being the laggard is:

W (gt) = ΠL,t(g
F
t ) + δW (µ(gFt )). (15)

The laggard does not acquire the start-up and thus remains the low-quality firm

with a quality disadvantage that is first raised by the front-runner’s acquisition of

the start-up and then reduced through imitation.

To solve for the value functions, we use the method of undetermined coefficients.

Since the profit functions are quadratic in gt, it is natural to posit that the value

functions are quadratic as well:

V (gt) = m0 +m1gt +m2g
2
t (16)
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and:

W (gt) = n0 + n1gt + n2g
2
t . (17)

With this guess, it is easy to verify that the equilibrium bid can be written as:

BL,t = A+Bqt + Cq2t (18)

where:

B = 1 + δµ(m1 − n1)− 2(m2 − n2)δµ
2gt −

gt
φ

and

C = (m2 − n2)δµ
2.

It follows from (13) and (18) that:

qt =
1 + (m1 − n1)δµ

1− 2(m2 − n2)δµ2
− 1 + 2(m2 − n2)δµ

2φ

[1− 2(m2 − n2)δµ2]φ
gt. (19)

This expression delivers an important result.

Proposition 2 (Entrenchment of monopoly) In any given period t, the size of

the innovation qt is a decreasing function of the degree of market dominance gt.

Proof: See the Appendix. ■

Proposition 2 shows that the equilibrium size of the innovation shrinks as the

front-runner’s entrenchment, captured by its quality advantage, increases.

Using (19), one can then impose the conditions that (16) and (17) hold as identi-

ties; that is, for any value of gt. This condition yields a system of six equations in the

six coefficients m0,m1,m2, n0, n1, and n2. The system is reported in the Appendix.

The system is separable: the conditions for m2 and n2 do not contain the other

variables and can be solved separately; with the vaules of m2 and n2 in hand, the

conditions for m1 and n1 do not contain the other variables and can be solved sepa-
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rately, and finally one can focus on the conditions for m0 and n0, which in any case

do not affect the equilibrium values of the variables.

4.5 Equilibrium under a lenient policy rule

Despite this separability, the system for m2 and n2 is highly nonlinear, and the pa-

rameter expressions are very long and difficult to use in comparative statics exercises.

Hence, we proceed in steps. First, we consider the case of myopic firms assuming

δ = 0. Secondly, we consider a linearized system around the point δ = 0, yielding a

first-order approximation. In both cases we obtain closed form solutions that allow

us to evaluate the comparative static properties of the equilibrium and of the steady

state level of dominance and innovation. Finally, we rely on numerical simulations

to assess the properties of the equilibrium for large δ.

4.5.1 The case δ = 0

Let us start from the case δ = 0. In this case, the value functions do not depend on

whether qt is greater or lower than gt. In both cases, one finds:

m1 =
φ2 + 4φ− 1

2φ2
,

m2 =
φ2 − 6φ+ 1

4φ3
,

n1 = −(φ− 1)2

2φ2
,

n2 =
(φ− 1)2

4φ3
.

With these values, the equilibrium size of the innovation is:

qt = 1− 1

φ
gt, (20)
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confirming that the size of the innovation decreases with the degree of market dom-

inance.

We can also notice that, for a given quality gap gt, the size of the innovation

increases with the product differentiation parameter φ. The intuition is simple:

an increase in the degree of product differentiation increases firms’ profits. With

myopic firms, the incentive to innovate depends only on current profits and hence it

increases with the degree of differentiation, driving up the innovative investment of

the start-up. Clearly, this property must carry over to the general case δ > 0.

From (20), the dynamics of the quality gap becomes:

gt+1 = µ+ µ

(
1− 1

φ

)
gt. (21)

Starting from any arbitrary initial value g0, it is easy to see that the degree of market

dominance converges towards a steady state level given by:

ḡ =
µφ

µ+ (1− µ)φ
. (22)

The corresponding long-run equilibrium size of innovation is:

q̄ = 1− µ

µ+ (1− µ)φ
. (23)

It appears that in the steady state, we have q̄ > ḡ if and only if µ < 1
2
. This

makes intuitive sense: once initial conditions become irrelevant, and even though the

front-runner always acquires the start-up, the quality gap is bound to remain small

if the imitation rate is sufficiently high (µ sufficiently small).
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4.5.2 The case δ > 0: first-order approximation

For small values of δ, the coefficients of the value functions become:

m1 =
φ2 + 4φ− 1

2φ2
+

2µ2(2φ3 − 10φ2 + φ+ 1) + µφ2(φ2 + 14φ− 3)

2φ4
δ,

m2 =
φ2 − 6φ+ 1

4φ3
+

µ2(φ4 − 14φ3 + 56φ2 − 10φ− 1)

4φ5
δ,

n1 = −(φ− 1)2

2φ2
+

2µ2(φ3 − 4φ2 + 2φ+ 1)− µφ2(φ2 − 4φ+ 3)

2φ4
δ,

n2 =
(φ− 1)2

4φ3
+

µ2(φ4 − 6φ3 + 16φ2 − 10φ− 1)

4φ5
δ.

The formulas for the equilibrium size of the innovation and the steady state value

of gt and qt are reported in the Appendix. Here, it suffices to say that the equilibrium

size of the innovation is still a decreasing function of the quality gap gt.

4.5.3 The case with large δ

When the discount factor is large, the expressions of the parameters are long and

hard to interpret. Hence, we move to numerical simulations to assess the comparative

static properties of the steady state level of dominance and innovation. It comes out

that the main properties highlighted in the previous subsections hold true also for

large values of the discount factor.

5 Restrictive policy rule

Since under a lenient policy rule the front-runner always acquires the start-up and

entrenches its dominance through serial acquisition, leading to a reduction in the rate

of innovation in the long run, we argue that there may be a policy goal to prevent

such a process from taking place. With this perspective, in this section, we derive

the equilibrium under a restrictive policy whereby only the laggard can acquire the
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startup.

Equilibrium prices and profits are the same as with a lenient policy. We therefore

focus on the acquisition stage and the resulting choice of the size of the innovation.

Since the front-runner cannot acquire the start-up, the acquisition price is deter-

mined through bargaining between the start-up and the laggard. In this bargaining,

the disagreement point is the case where the start-up directly markets the innova-

tion. The start-up then obtains a share β of the bargaining surplus generated by the

acquisition, relative to this disagreement point.

Under a restrictive policy, even if the initial quality gap is large, the laggard

will eventually catch up and get close to the front-runner. This suggests that in

equilibrium, we must have qt > gt, and since the start-up is always acquired by the

laggard, there is always leapfrogging. Therefore, the value of being the front-runner

entering period t, when the innovation is developed and acquired by the laggard, is

now:

V (gt) = ΠL,t(qt − gt) + δW (µ(qt − gt)) (24)

because the front-runner will be surpassed by the laggard in period t and will become

the new laggard in period t + 1. On the other hand, the value of being the laggard

now is:

W (gt) = ΠF,t(qt − gt)− Pt(gt, qt) + δV (µ(qt − gt)) (25)

where Pt(gt, qt) is the acquisition price paid by the laggard, as the laggard will always

acquire the start-up and become the new technological leader.

The acquisition price is determined as follows. Under a restrictive policy, in the

disagreement point the start-up makes zero profit, while the laggard remains behind

by gt and in the next period reduces this gap through imitation, obtaining a payoff

of:

ΠL,t(gt) + δW (µgt).

19



If instead the acquisition takes place, assuming qt > gt the laggard becomes the new

technological leader and obtains

ΠF,t(qt − gt) + δV (µ(qt − gt)).

The difference between these payoffs is the bargaining surplus that has to be split.

The acquisition price, which represents the start-up’s payoff, is a fraction β of the

bargaining surplus and thus is:

Pt(gt, qt) = β{ ΠF,t(qt − gt) + δV (µ(qt − gt))− [ΠL,t(gt) + δW (µgt)]}. (26)

5.1 The invention-for-buyout effect in the two policy regimes

Proceeding as in the lenient policy case, one finds that the equilibrium innovation

size now is:

qt =
3βφ(1 + 3m1δµ)

9φ2(1− 2m2δµ2β)− β
− β(1 + 18m2δµ

2φ)

9φ2(1− 2m2δµ2β)− β
gt. (27)

Even without solving for the value functions, we can demonstrate that the

invention-for-buyout effect is dampened by the restriction on acquisitions when the

discount factor is low.

Proposition 3 (Invention for buyout) For any given gt and qt, when δ is small

the acquisition price is lower under a restrictive acquisition policy than under a le-

nient policy.

Proof: See the Appendix. ■

The invention-for-buyout effect captures the start-up’s incentive to innovate aris-

ing from the prospect of being acquired and remunerated through the acquisition

price. This effect is immediate under a lenient policy. If the start-up markets its
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product independently, the value of the innovation is normalized to zero; by contrast,

when the innovation is acquired and integrated into an incumbent’s ecosystem, it

generates positive value and therefore induces positive innovative investment.

However, under a restrictive policy rule, this effect is weaker due two distinct

mechanisms. First, competition for acquisition improves the start-up’s bargaining

position, since it can play the two incumbents against each other and appropriate

the value that the innovation creates for the losing bidder. Second, the competitive

threat effect implies that the laggard is willing to pay more when the alternative is

that its rival acquires the start-up, as under a lenient policy, rather than the start-up

remaining independent, as under a restrictive policy.

5.2 Equilibrium under the restrictive policy rule

We will now proceed with the equilibrium analysis, distinguishing the different values

of the discount factor.

5.2.1 The case δ = 0

Like in the case of unregulated acquisition, the value functions for the regulated case

can then be found by the methods of undetermined coefficients. Like before, we start

from the myopic case δ = 0.

In this case, the coefficients of the value functions when the front-runner cannot

acquire the start-up are:

m1 =
2φ(φ− β)

(2φ− β)2
,

m2 =
φ

(2φ− β)2
,

n1 = −4φ2 − 4φβ2 + β3

2(2φ− β)2
,
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n2 =
4φ2 − 4φβ2 + β3

4φ(2φ− β)2
.

With these values, the equilibrium size of the innovation is:

qt =
3φβ

9φ− β
− β

9φ− β
gt. (28)

Again, the size of the innovation decreases with the degree of market dominance.

From (28), the dynamics of the quality gap becomes:

gt+1 = µ
3φβ

9φ− β
− µ

(
9φ

9φ− β

)
gt. (29)

Here we focus on the case µ < 9φ
9φ−β

, where starting from any arbitrary initial

value g0, gt converges towards a steady state level given by:

ḡ =
µφβ

2(1 + µ)φ− β
. (30)

The corresponding long-run equilibrium size of innovation is:

q̄ =
(1 + µ)φβ

2(1 + µ)φ− β
. (31)

We can now prove the following.

Proposition 4 For δ = 0, a restrictive acquisition policy increases the long-run rate

of innovation if and only if:

β >
2(1− µ2)φ

(1 + µ2) + (1− µ2)φ
. (32)

Proof: The result follows directly from a comparison between (23) and (31). ■

Intuitively, in order for a restrictive policy to increase the long-run rate of inno-

vation, the start-up must have a sufficiently high bargaining power in negotiations
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with the incumbent firms.

The right-hand side of inequality (32) is increasing in φ and decreasing in µ. This

means that a restrictive policy is more likely to spur innovation when µ is large (that

is, when the imitation rate is low) and when the degree of product differentiation is

low (that is, when competition is more intense).

5.2.2 The case δ > 0: first-order approximation

As in the lenient policy case, we can find a closed-form solution for a first-order

approximation of the equilibrium around the point δ = 0, which allows us to extend

the analysis to the case where δ is positive but small.

Denote the solution for δ = 0 as b0, B0, c0 and C0. Then, writing

∆ = (z − 2t)2

one has:

b0 =
2t(t− z)

∆

c0 =
t

∆

B0 =
−4t2 + 4tz2 − z3

2∆

C0 =
t2 − tz2 + 1

4
z3

t∆

For small δ, write the second order expansion:

b = b0 + d b1 +O(d2),

c = c0 + d c1 +O(d2),

B = B0 + dB1 +O(d2),

C = C0 + dC1 +O(d2).
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The first-order coefficients are:

b1 = − mt

(z − 2t)5

[
8mt2z3 − 8mt2z2 − 6mtz4 +mz5

+ 16t4 − 16t3z2 − 24t3z + 20t2z3 + 16t2z2

− 8tz4 − 4tz3 + z5
]
,

c1 =
m2t

(z − 2t)5

[
− 8t3 + 8t2z2 − 4t2z − 6tz3 + z4

]
,

B1 = − m

2(z − 2t)5

[
32mt4z2 − 32mt4z − 32t5 + 32t4z3

+ 48t4z − 56t3z4 − 8t3z3 − 16t3z2

+ 36t2z5 + 4t2z4 − 10tz6 + z7
]
,

C1 =
m2

4t(z − 2t)5

[
− 32t5 + 32t4z3 + 64t4z2 − 16t4z

− 56t3z4 − 24t3z3 + 36t2z5 + 4t2z4

− 10tz6 + z7
]
.

Thus the linearized small-δ approximation is:

b ≈ b0 + d b1, c ≈ c0 + d c1, B ≈ B0 + dB1, C ≈ C0 + dC1. (33)

Using the corresponding solution for the unregulated case, simple algebra shows

that:

Proposition 5 When δ is small, a restrictive acquisition policy is more likely to

increase the long-run rate of innovation compared to a permissive policy, the lower

the imitation rate (i.e., the higher µ), the higher the start-up’s bargaining power β,

the more forward-looking the firms are (i.e., the higher is δ), and the lower the degree

of horizontal differentiation t.

Proof: See the Appendix. ■
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Proposition 5 confirms the comparative statics in Proposition 4. The general

pattern is that a restrictive policy is more likely to foster innovation when the un-

derlying incentive to invest in R&D is stronger. Parameters µ and δ both increase

the value of R&D investment: a higher µ prolongs the competitive advantage gen-

erated by a quality improvement, while a higher δ increases the weight attached to

future returns. By contrast, a higher φ, measuring horizontal differentiation, low-

ers the value of quality improvements, since a given quality gap translates into a

smaller market-share gain when products are more differentiated. Hence, factors

that raise the value of R&D investment also make it more likely that a restrictive

policy enhances innovation.

5.3 Other restrictive policies

The restrictive policy considered so far presents two major drawbacks. For increasing

values of the discount factor δ we have, initially, an increasing level of the steady-

state quality q̄, that, however, falls to zero when the discount factor hits a certain

threshold. The economic intuition for this result is that when the laggard leapfrogs

the front-runner, in the next period, it is excluded from acquiring the start-up,

and its payoff is therefore curtailed. When the future becomes more relevant, the

price offered by the laggard to the start-up may be insufficient to induce a positive

innovation.

Moreover, the restrictive policy considered is potentially exposed to inefficiency,

since it implies that the innovative product is included in a bundle of lower value10.

We are now considering other policy options that may avoid such inefficencies, such

as, for instance, an obligation to offer non-exclusive licenses.

10This inefficiency is specific to the complementor case. Here, the start-up’s innovation does not
replace the existing ecosystem, but only adds a new component to it. Therefore, its value depends
on the ecosystem into which it is integrated, and forcing it into the laggard’s lower-value bundle
may reduce total surplus. This differs from Denicolò and Polo (2026), where the start-up develops a
superior substitute that already incorporates and improves upon the incumbent’s existing product.
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6 Conclusion

In this paper, we analyze, in an infinite-horizon discrete-time setting, the short- and

long-run impacts of serial acquisitions of start-ups when these innovative small firms

develop complementors for the products that two large incumbents offer as part of

their ecosystems. These firms offer a bundle of integrated products (ecosystems)

that are horizontally and vertically differentiated, competing in the product market

to attract consumers. The incumbents also compete for the acquisition of start-ups

in the form of a second-price auction.

The firm that, in a given period, is selling the more valuable bundle is the

front-runner, competing with the laggard. The quality gap between the two bundles

evolves over time through the acquisition of start-ups, which enhances the value of

the acquirer’s bundle, and through imitation by the lagging firm, which partially

closes the gap.

We show that the current front-runner always wins the auction posting a price

equal to the reservation bid of the laggard. The perspective of being acquired, which

improves the value of the innovation through complementarity with the ecosystem,

spurs the start-up’s incentives to innovate (invention for buyout). However, serial ac-

quisitions by the front-runner consolidate its incumbency advantage over the laggard

(entrenchment of monopoly), progressively reducing the equilibrium bid that start-

ups obtain along the equilibrium path. As a result, in the long run, the incentives

to innovate are weakened.

We compare the steady-state level of innovation when a lenient policy is adopted,

permitting both firms to bid for the acquisition of the start-up, with the case of a

restrictive policy that excludes the current front-runner from acquiring the start-

up. In this case, the acquisition price is the outcome of the bargaining between the

start-up and the laggard, splitting the surplus from moving the new product within

the laggard’s ecosystem. We show that, for low values of the discount factor, if the
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start-up’s bargaining power is sufficiently high, the steady-state level of innovation

is higher under the restrictive policy than under the lenient one.

Hence, our paper confirms, in a very different environment and through a different

mechanism, the results in Denicolò and Polo (2026). In that paper, the new product

is a higher-quality substitute for the incumbent’s product, capable of displacing

the incumbent. In the present paper, start-ups develop complements rather than

substitutes for incumbents’ products, and they have no chance to replace the existing

ecosystems. Notwithstanding the different nature of the innovations, we find that

a restrictive policy prohibiting acquisitions by the front-runner may, under certain

conditions, maintain a more balanced market structure, sustain stronger competition

in the acquisition stage, yield higher returns on RD, and lead to larger innovative

investments by start-ups.
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7 APPENDIX

Proof of Proposition 1. In a second-price auction, the maximum bid a player is

willing to post is the difference between the payoffs he would obtain by winning or

losing the auction. Let us consider the front-runner first. If he acquires the start-up,

his payoff is:

ΠF,t(gt + qt) + δV (µ(gt + qt)),

where qt is the size of the innovation developed by the start-up. If instead the front-

runner loses the auction, and the laggard acquires the start-up, the front-runner’s

payoff is:

ΠL,t(qt − gt) + δW (µ(qt − gt))

when qt > gt, implying that the front-runner is surpassed by the laggard. Therefore,

when qt > gt, the front-runner’s bid is:

BF,t = ΠF,t(gt + qt) + δV (µ(gt + qt))− [ΠL,t(qt − gt) + δW (µ(qt − gt))] . (34)

When instead qt < gt, so that the front-runner retains the lead even if the laggard

acquires the start-up (albeit with a smaller advantage), the front-runner’s payoff in

case he loses the auction is:

ΠF,t(gt − qt) + δV (µ(gt − qt))

and thus his bid is:

BF,t = ΠF,t(gt + qt) + δV (µ(gt + qt))− [ΠF,t(gt − qt) + δV (µ(gt − qt))] . (35)
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By analogous reasoning, if qt > gt, the laggard’s bid is:

BL,t = ΠF,t(qt − gt) + δV (µ(qt − gt))− [ΠL,t(qt + gt) + δW (µ(qt + gt))] . (36)

This is because if the laggard loses the auction, he obtains:

ΠL,t(qt + gt) + δW (µ(qt + gt)).

whereas if he wins, he gets:

ΠF,t(qt − gt) + δV (µ(qt − gt)).

If instead qt < gt, the laggard’s bid is:

BL,t = ΠL,t(gt − qt) + δW (µ(gt − qt))− [ΠL,t(qt + gt) + δW (µ(qt + gt))] . (37)

as his payoff in case he wins the auction now is:

ΠL,t(gt − qt) + δW (µ(gt − qt)).

When δ = 0, comparison of (34) to (36) and (35) to (37) reveals that, in both

cases, the bidder who submits the highest bid is exactly the bidder whose acquisition

generates the largest total industry profits. The convexity of profit functions implies

that total industry profits are higher when the degree of dominance is larger, i.e.

when the front-runner wins acquires the start-up:

ΠF,t(g
F
t ) + ΠL,t(g

F
t ) > ΠF,t(g

L
t ) + ΠL,t(g

L
t ).

When δ is positive but small, the result continues to hold by continuity.

■
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Proof of Proposition 2 The result directly follows from the fact that the

coefficient of gt is negative, once solved the system and obtained the coefficients. m2

and n2. This result holds true for δ = 0, in the linearized case for δ small, and, for

δ high, in all relevant cases with numerical simulations. ■

Proof of Proposition 3 Assuming that δ = 0, the acquisition price (26) reduces

to:

Pt(gt, qt) = β [ ΠF,t(qt − gt)− ΠL,t(gt)] ,

while the acquisition price obtained under a lenient policy is:

BL,t = ΠF,t(qt − gt)− ΠL,t(qt + gt).

In both regimes, the start-up’s payoff depends on the difference between the

laggard’s profit when it acquires the start-up and when it does not. The laggard’s

profit upon acquisition, ΠF,t(qt − gt), is identical across policies. However, since the

laggard profit is decreasing in the tecnology gap, it appears from (12) that ΠL,t(gt) >

ΠL,t(qt+gt). In other words, the laggard’s profit in the absence of acquisition is lower

under a lenient policy—where the start-up is instead acquired by the front-runner,

thereby increasing the technology gap to qt + gt —than under a restrictive policy, in

which the start-up commercializes its innovation independently and the gap remains

gt.

Moreover, under a lenient policy, competition between incumbents for the acqui-

sition allows the start-up to appropriate the full surplus generated by this difference,

whereas under a restrictive policy it captures only a fraction β.

By continuity, the result continues to hold when δ is sufficiently small. ■
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