INSIDER IMITATION®

Erik Madsen' Nikhil Vellodi*

[Current Draft]: April 23, 2021

Abstract

Many platforms operating online marketplaces sell their own products alongside
those of third-party sellers, and may use marketplace data on the demand for third-party
products to inform the launch of their own products. To evaluate the anti-competitive
implications of this practice, we model how a platform who can commit to a product
introduction policy optimally uses marketplace data. An optimal policy trades off the
ex post profitability of imitating successful third-party products against the ex ante
reduction in innovation caused by imitation. We find that a regulation which bans the
sharing of marketplace data stimulates innovation for “experimental” products with
significant upside demand potential, but stifles it for “incremental” products with little

upside potential.
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1 Introduction

The internet has become an important channel for the sale of consumer products. In the
United States, 14% of all retail sales took place online in 2020.! A large fraction of these

online sales are transacted through marketplaces, websites that allow consumers to find and
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sales (Coppola 2020).
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purchase products from third-party sellers.” While some marketplaces exclusively sell third-
party products, others additionally offer house-brand products marketed by the owner of the
marketplace. For instance, Amazon markets a variety of products under its “AmazonBasics
and “Amazon Essentials” brands, among others, while Walmart sells house brands under
labels such as “Sam’s Choice” and “Great Value”.

The sale of house brands alongside third-party products on online marketplaces has
attracted the scrutiny of lawmakers and antitrust regulators, who have expressed concern
that marketplace owners may be using house brands to compete unfairly with third-party
sellers. One practice of interest, and the focus of this paper, is the use of marketplace sales
data to inform decisions about the introduction of house-brand products. News reports
indicate that Amazon in particular has leveraged its marketplace data extensively in this
manner.” The European Commission recently issued a preliminary view that Amazon’s
practices breach EU antitrust law by allowing the company to unfairly “avoid the normal
risks of retail competition and to leverage its dominance in the market for the provision
of marketplace services” (European Commission 2020). A United States Congressional
investigation of competition in digital marketplaces similarly concluded that “Amazon’s dual
role... incentivizes Amazon to exploit its access to competing sellers’ data and information”,
and expressed the view that this behavior constitutes anticompetitive conduct (U.S. House
Committee on the Judiciary 2020, p.16).

In this paper, we model a marketplace’s usage of seller data to inform product intro-
duction, and examine the implications of the practice for competition, innovation, and
regulation. Our analysis proceeds from two main assumptions about competition on online
marketplaces. First, we suppose that online marketplaces provide outlets for the sale of
products which would not otherwise exist. This assumption is in line with evidence on the
existence of a “long tail” of products which are sold online but not in any physical store

(Anderson 2006; Brynjolfsson, Hu, and Smith 2003, 2006). It is also consistent with the

2In 2020, an estimated 39% of all online retail sales in the United States took place on Amazon, the
dominant online marketplace, while the second- and third-largest online retailers Walmart and eBay — both
of which also run online marketplaces — each accounted for approximately 5% of online sales (Lipsman 2020).

3This practice has been independently documented by Bloomberg (Soper 2016), Buzzfeed (Miranda 2018),
and the Wall Street Journal (Mattioli 2020). It is also discussed in detail in U.S. House Committee on the
Judiciary (2020, pp.274-282).



much lower barriers to entry needed to sell in a large online marketplace as compared to
a physical retailer of similar scale. In particular, online marketplaces often allow sellers
to list products for free, require little or no vetting, and handle payments and even order
fulfillment. By contrast, large physical retailers extensively vet suppliers, require proof of
ability to reliably fulfill minimum volumes, and prefer suppliers with proven products who
maintain a diverse set of sales channels.* The reduced scale requirements of online market-
places are reflected in the demographics of marketplace sellers, many of whom are small
companies comprised of a handful of employees who make most or all of their revenue by
selling on a single marketplace, and who often make only a few thousand dollars in monthly
revenue.’

Second, we assume that marketplace owners internalize the impact of aggressive com-
petition by house brands on product diversity in the marketplace. Due to the small scale
and lack of brand recognition of many marketplace sellers, such competition has the poten-
tial to significantly impact innovation, particularly when targeted at successful products
using marketplace data. We take seriously the likelihood that vertically integrated mar-
ketplaces recognize this danger and make decisions which maximize joint long-run profits
across divisions. We therefore focus on the role of regulation in curbing behavior which
advantages vertically integrated marketplaces at the expense of social or consumer welfare.
We abstract from the question of whether marketplace owners might fail to coordinate
their policies across divisions, and whether regulation might be helpful for enforcing such
coordination.

In our model, a vertically integrated online platform hosts a marketplace on which a
third-party entrepreneur can sell her products, and on which the platform can additionally
sell its own products. The entrepreneur is uniquely able to innovate by developing a new
product not already sold on the marketplace. The platform can only imitate by developing

a derivative product to compete with one already sold. Innovation is an inherently risky

4Small business consultants advise that to be approved as a Walmart supplier, a seller should rely on
Walmart for no more than 30% of their sales and should first establish a track record by selling their product
in smaller retailers or online marketplaces (Bose 2018; “How to Sell to Walmart” 2020).

5 A recent survey of Amazon sellers found that over 50% of sellers had five or fewer employees, and roughly
50% of sellers made over 80% of their revenue selling on Amazon. 13% of sellers reported selling nowhere
other than Amazon (“The State of the Amazon Marketplace 2019” 2020). Another survey found that only
half of Amazon sellers exceed $5,000 in monthly sales (“The State of the Amazon Seller 2021” 2021).



activity, as demand for a new product on the marketplace is uncertain and can be discovered
only by incurring a fix cost to develop and market the product. By contrast, the profitability
of an imitation product can be predicted from the demand for the baseline product. The
platform earns profits from a combination of sales of its own product and transaction fees
for sales of the entrepreneur’s product.

Prior to the entrepreneur’s innovation decision, the platform commits to a competition
policy, which specifies how aggressively the platform imitates existing products. Absent
regulation, the platform can observe the sales of existing products and condition its imitation
decisions on that data. A competition policy therefore dictates both which products are
imitated, as a function of the demand for the product, as well as how quickly a competing
product is introduced.

When designing a competition policy, the platform balances its ex ante desire to attract
innovative products, which generate revenue for the platform via fees, against the ex post
profit gains from imitating successful products. In this sense, the platform solves a problem
similar to that of a planner designing a patent policy providing incentives for innovation,
as in, for instance, Hopenhayn and Squintani (2016) and Henry and Ponce (2011). We
show that under an optimal competition policy, sufficiently successful products are imitated
immediately, while unsuccessful products are never imitated. Such a policy generally does
not maximize social welfare, but does not inevitably lead to too little innovation. We show
that from a planner’s point of view the platform may imitate either too much or too little,
depending on how much the planner values competition.’

We then study the impact of a regulation which blocks insider imitation, the ability of
the platform to use marketplace data to tailor their competition policy. Our main result
connects the impact of such a regulation to uncertainty about the demand for a new product.
We define a novel notion of upside demand potential, measuring the fraction of total demand
which is concentrated in “right-tail” states of the world with very high demand. We show
that for “experimental” products with significant upside demand potential, banning insider

imitation stimulates innovation. Conversely, for “incremental” products, which have little

5The platform may imitate too little relative to the first-best because of an uninternalized consumer
surplus gain from competition. This externality is reminiscent of the spillovers effects highlighted in the
dynamic entry models of Rob (1991) and Jovanovic and Lach (1989), where firm entry generates positive
spillover effects for existing firms and entry rates may be inefficiently low.



upside potential and tend to exhibit demand concentrated near the average, banning insider
imitation stifles innovation. Whether a ban on marketplace data usage enhances social
surplus therefore hinges on two features of the product market: The shape of the distribution
of demand for new products, and the welfare gains from competition.

Our work is complementary to a pair of recent papers by Hagiu, Teh, and Wright (2020)
and Etro (2020) which examine regulation of vertically integrated online platforms. Hagiu,
Teh, and Wright (2020) suppose that the platform cannot commit to avoid imitating third-
party sellers. They find that a regulation which bans imitation of third-party products may
increase not only social surplus but also the platform’s equilibrium profits, as the regulation
makes up for a lack of commitment power by the platform. Etro (2020) allows the platform
to commit to a competition policy, and finds that a ban on imitation decreases long-run
consumer surplus. He also considers the impact of a data regulation which prevents the
platform from targeting a house brand product at the customers of competing products,
and finds that such a regulation also decreases consumer surplus. Neither paper models
demand uncertainty or considers regulations which restrict the ability of the platform to
use demand data to target product introduction. To the best of our knowledge, our paper
is the first to provide a formal economic analysis of a setting with those features.”

Our work also connects to a rapidly growing literature studying the implications of in-
creased consumer data collection for market outcomes (Acemoglu et al. 2021; Bergemann,
Bonatti, and Gan 2021; Liang and Madsen 2021), as well as to a closely related litera-
ture examining the role of consumer privacy in online markets (Eilat, Eliaz, and Mu 2020;
Fainmesser, Galeotti, and Momot 2021; Gomes and Pavan 2021; Hidir and Vellodi 2020;
Ichihashi 2019, 2020). These papers highlight the potential value of consumer privacy reg-
ulations which restrict the use of consumer data by sellers. The insider imitation ban we
evaluate can be viewed as an analogous data privacy regulation aimed at protecting par-
ticular sellers. Our work highlights that increased data usage has important implications
for producer as well as consumer privacy, expanding the scope of applications in which
regulation may be warranted.

The remainder of the paper is structured as follows. In Section 2, we introduce the

"The antitrust implications of demand data usage by platforms have also been discussed by legal scholars.
See, e.g., Khan (2017), §IV.D.



baseline model, which we analyze in a benchmark setting without uncertainty in Section 3,
and with demand uncertainty under a linear demand specification in Section 4. In Section
5, we characterize the impact of an insider imitation ban on innovation and study the
welfare implications of the regulation. Finally, in Section 6, we extend our model to include

transfers and nonlinear demand specifications.

2 Model

2.1 The environment

An online platform and an entrepreneur interact on a marketplace run by the platform.
The interaction unfolds in three stages. In the first stage, the platform publicly commits
to a competition policy, which we discuss further in Section 2.2. In the second stage, the
entrepreneur chooses whether to innovate by developing a new product. If she chooses not
to innovate, the game ends and both players make zero profits. Otherwise, the entrepreneur
pays a fixed cost & > 0 to develop the product. In the final stage, the entrepreneur sells her
product on the marketplace, generating a stream of profits over an infinite, continuous time
horizon. At any time, the platform can choose to imitate the entrepreneur’s profit, paying
a fixed cost kp > 0 to instantaneously develop and market a competing product.

We model the profits generated by selling products on the marketplace in a flexible
reduced-form way. So long as the entrepreneur’s product is the only one present in the
market, she earns a flow of profits II¥ (o) > 0, where « is a demand state, to be described
in further detail shortly. Meanwhile the platform makes a flow of profits I} (a) > 0 which
reflect fees it collects from the entrepreneur’s sales. We will refer to II¥ («) and II¥ () as
each player’s monopoly profits, though they may embed competition from other products
on the marketplace.

Once the platform has introduced an imitating product, the entrepreneur’s profits fall
to IT2(a) € (0,11¥(«)), while the platform’s profits rise to IIB(a) > I1{;(a), with 1B ()
capturing a combination of the platform’s profits from sales of its own product as well as fees
from sales of the entrepreneur’s product. These profit specifications may be interpreted as

a stand-in for the outcome of a static competition between the platform and entrepreneur,



for instance via quantity- or price-setting. We will refer to I1Z () and I1E(«) as the duopoly
profits of each player.

Both players are expected profit maximizers who share a common discount rate r. As a
result, if the entrepreneur chooses to innovate and the platform chooses to imitate at time

T, the entrepreneur’s lifetime profits are

Up=—k+ 1 —e™)r M (o) + e Tr IR (),
while the platform’s lifetime profits are

Up=1—-e )y ¥ (a) + e (r IR () — kp).

Two important forms of uncertainty arise in the model. First, while the entrepreneur
observes the innovation cost k prior to deciding whether to innovate, from the platform’s
perspective k is unobserved and uncertain. At the time it formulates a competition policy,
the platform believes that & ~ G, where G is continuous, has support on the bounded inter-
val [k, k] with 0 < k < k, and is continuously differentiable on its support. We additionally

impose a standard monotone hazard rate condition on the distribution of costs:

Assumption 1. The cost hazard rate G'(k)/G(k) is weakly decreasing on [k, k|, and is zero
at k = k.

Second, both players view the demand for a new product as uncertain prior to the
product’s introduction to the market. They share a common prior that a ~ F, where
a € Ry is normalized so that F' has mean 1. We do not require that F' be continuous,
allowing for the possibility of atoms in the demand distribution. To streamline exposition,
we will maintain the assumption that F has support on a (possibly unbounded) interval.®
As soon as a product is introduced, all demand uncertainty is resolved and « is observed
by both players.

We interpret higher demand states as corresponding to a more profitable market for

80ur main results continue to hold without the interval support assumption. Assuming interval support
ensures continuous differentiability of the platform’s objective function and continuity of the threshold
demand function a*(k), simplifying the statement of results.



each player regardless of the amount of competition, so that each II7(-) is strictly increasing
in « for each player i = P, E and market structure s = M, D. We will also assume that
consumer surplus under each market structure, which we will denote C'S*(«), is increasing
in the demand state. To streamline exposition, we will additionally assume that each II7(-)
and C'S*(+) is continuous in o. An immediate consequence of these assumptions is that total
social welfare, which we will denote W*(«) = II%: (a) + I1%; (o) + C'S*(«), is continuous and
increasing in demand.

Our main results will focus on a linear demand model in which II} (o) = api, CSf(a) =
av®, and W#(a) = aw® for each s and i. Given that E[a] = 1, the 4} represent average profits
for each player under a given market structure, while v® represents average consumer surplus
and w® represents average social welfare. This linear specification can be microfounded by
an environment in which « represents uncertainty about the size of the market, while the
distribution of values among consumers is known, and in which both players have linear

product costs.

2.2 Competition policies

Prior to the entrepreneur’s innovation decision, the platform publicly commits to an compe-
tition policy dictating the time at which it develops an imitation product, supposing that the
entrepreneur has innovated. This policy cannot condition on the entrepreneur’s innovation
cost, which is the private information of the entrepreneur.” However, it can condition on
the market demand state «, which is observed by the platform as soon as the entrepreneur’s
product is introduced.

Formally, a competition policy is a function 7' : Ry — R4 U {oo}, where T'(«) denotes
the time at which the platform imitates the entrepreneur’s product when the demand state
is . We allow the imitation time to be infinite to accommodate the possibility that the

platform never imitates some products.

9Because the cost of innovation does not impact the entrepreneur’s willingness to be imitated, the platform
would not benefit from offering a menu of competition policies. This remains true even if the platform can
additionally offer transfers, as in Section 6.2.



2.3 Notation and assumptions

We will write IT; = E[IT$()] to denote the expected flow profits for a given player under each
market structure, averaging over all possible demand states. We will also write AIIf(a) =
P (a) — IIM () to denote the change in each player’s flow profits when moving from the
monopoly to duopoly market structure in demand state o, and AIl; = E[AIL{(«)] to denote
a player’s average change in flow profits. CS°, ACS (), and ACS are defined similarly
for consumer surplus, as are W, AW (a), and AW for social welfare. We will assume that
each TI; and C'S” is finite. In the linear demand model, we will use the alternative notation

D _wM to denote changes in average profits,

A EMZD_N@Mv Av=vP — M and Aw=w
consumer surplus, and social welfare.

We make several assumptions on the size of profit changes between the monopoly and
duopoly states to focus our analysis on settings with nontrivial regulatory concerns sur-
rounding marketplace data usage. We will assume that the entrepreneur always enters if

assured a perpetual monopoly, no matter the cost of innovation, but that an entrepreneur

with sufficiently high innovation costs would not enter if imitated immediately:
Assumption 2. ﬁ]\E/l >rk > ﬁg.

The first part of the assumption is without loss, as entrepreneurs who would not enter
even when assured a monopoly are irrelevant to the platform and regulator. The second
part of the assumption ensures that imitation has the potential to reduce innovation. If it
did not hold, there would be no regulatory concerns around marketplace data usage.

We will also assume that imitation is more profitable for the platform in high demand
states than low ones, and that the platform finds imitation profitable on average, but

unprofitable in very low demand states:
Assumption 3. Allp(-) — rkp satisfies single-crossing in o, and Allp > rkp > Allp(0).

Single-crossing is a regularity condition which is satisfied, for instance, in the linear
demand model, since in that case Allp = App > 0 implies that Allp(a)—rkp = aAuprkp
is increasing in . The condition AIlp > rkp ensures that, under a regulation banning usage

of marketplace data, the platform still finds imitation potentially profitable. Meanwhile the



condition rkp > Allp(0) rules out the possibility that the platform optimally imitates
immediately in all demand states, in which case marketplace data would not be useful to
the platform and regulating it would be ineffective.'?

An immediate corollary of Assumption 3 is Allp(a) > rkp for a sufficiently large. It
will be useful to develop notation for the lowest demand state at which imitation yields non-
negative profits. We will write g for this state, which given our continuity assumptions
satisfies Allp(ag) = rkp and ag > 0. We will let kg be the corresponding innovation

cost above which an entrepreneur would not innovate, supposing its product is imitated

immediately if o > aq, but is never imitated otherwise. That is,

ko = max {k,rl <Hj\g/[ +/{ N }dF(a) AHE(a)> } :

3 The No-Uncertainty Benchmark

We begin by deriving the platform’s optimal competition policy in a benchmark setting
without demand uncertainty, where profits are equal to their average levels with proba-
bility 1. This analysis serves two purposes. First, it illuminates important aspects of the
platform’s policy design problem, which will carry over into the full problem with uncer-
tainty. Second, an optimal policy absent uncertainty corresponds precisely to the policy
the platform would choose under a regulation which prevents it from conditioning imitation
on the market demand state.

Absent demand uncertainty, the platform’s competition policy is a single imitation time
T € RiyU{oo}. Let EO be the highest cost an entrepreneur would pay to innovate supposing
she were imitated immediately. That is, ko = max{k, 'Flﬁg}. To streamline our analysis,
we impose a lower bound on the cost hazard rate at Eo which ensures an interior solution

to the platform’s policy design problem:

G/(E()) > r Aﬁp—T’kP

A tion 4. .
SSUMPHON & Go) = 1Tt (Th—rkr)

This assumption is satisfied if ko = k, or if G(EO) is sufficiently small.

10Nothing in our analysis would change if AlIlp(0) > rkp, so long as the mass of entrepreneurs who would
enter supposing they were imitated immediately in all demand states is sufficiently low that such a policy is
not optimal for the platform.

10



Given a competition policy 7', the entrepreneur’s total profits from innovating are
Up(T, k)= (1 - e ) r_lﬁg + e_TTr_lﬁg — k.

Since ﬁ]\E/l > ﬁLE), Ugr(T, k) is strictly increasing in 7" and strictly decreasing in k. As a
result, for each competition policy there exists a corresponding cost threshold above which
innovation is suppressed, and this threshold is decreasing in 7. By inverting this relationship,
the platform’s competition policy design problem can be equivalently cast as targeting a
threshold innovation cost x € [k, k] by choosing the unique imitation time T(n) satisfying
Ug(T(k), k) = 0.

Not all cost thresholds in [k, k] are guaranteed to be implementable by a competition
policy. In particular, cost thresholds below Eg are not implementable if r_lﬁg > k, as
entrepreneurs with costs below this level are undeterred even by very aggressive imitation.
On the other hand, Assumption 2 ensures that all thresholds up to k are implementable.

Therefore T(k) is well-defined, finite, and strictly increasing on [ko, k.

Given a threshold innovation cost x € [%O,E], the platform’s total profits are

Up(r) = G(k)r™* (ﬁf,{ 4 (ATIp — Tkp)efrf(n)>

G(k)rt oy + (Allp — 7k )ﬁij‘g _ R
= P - P p— .
F |ATI|

The following lemma establishes that the platform’s optimal innovation cost threshold is

interior and is the unique critical point of U p(K):

Lemma 1. In the absence of demand uncertainty, the optimal innovation threshold k™ is

unique, satisfies K** € (EO,E), and is characterized by the first-order condition

G/(H**) oy M )
G (HP + (g —rk )A> =rA,
where B
]\ = AHP: Tk‘p
|ATlg|

Several of our assumptions play a key role in this result. Assumption 1, which imposes

11



a monotone cost hazard rate, ensures that ﬁp has at most one critical point, which if it
exists is a global optimum. It also imposes a zero hazard rate at k, implying that U p(K)
is downward-sloping there. Meanwhile Assumption 4 ensures that U p(k) is upward-sloping

at ED, so that an interior critical point must exist.

3.1 The Value of Imitation

As a prelude to our goal of comparing optimal rates of innovation across the regulated and
unregulated problems, we extract some important general insights from the analysis without
uncertainty.

We begin by slightly rearranging the first-order condition derived in Lemma 1 to read

G (%) (ﬁ?f Gy e m[x) — G(r)rA.

The platform’s first-order condition written in this form represents a balancing of marginal
gains from innovation (the left-hand side) against inframarginal losses (the right-hand side)
when the platform raises k. Such an increase induces the entry of a mass of entrepreneurs
of size G'(k) dk, from whom the platform collects the baseline monopoly profit ﬁj‘ﬁ plus
an additional surplus from imitation. This additional surplus is equal to the marginal
entrepreneur’s entire profits converted into platform profits at rate A. This quantity A
therefore represents the platform’s average conversion rate, and measures the marginal
rate of transformation of the entrepreneur’s profits into the platform’s profits achievable by
increased imitation, assuming imitation is uniform across all demand states.

To achieve this additional entry, the platform must give up profits from all existing
innovators, constituting a mass of size G(k), by delaying imitation. A given rise in k
directly translates into an equivalent rise in the lifetime profits of every innovator, reducing
platform flow profits by an amount rAds. This trade-off between marginal gains and
infra-marginal losses is analogous to the classical monopoly pricing problem, wherein the
monopolist balances the inframarginal revenue gain from existing customers against the
marginal loss of customers when deciding how far to raise prices.

The average conversion rate A measures how efficiently the platform can convert the en-

12



trepreneur’s profits into its own. As such, it is likely a crucial determinant of the platform’s
incentive to imitate. The following lemma establishes that as the conversion rate improves,

the platform imitates more aggressively.

Lemma 2. Suppose A > 0. Let
Up(r,A) = G(r)r~! (ﬁ]]\:l +A (ﬁ]g - 7%))

and define &(A) to be the unique mazimizer of Up(-,\) on [ko,k]. Then %(A) is decreasing

in A, and strictly so whenever k(A) > Ko.

An appealing but incomplete explanation of this result is that an improved conversion
rate makes imitation more attractive due to the increased platform profits per unit of profits
extracted from inframarginal entrepreneurs. But this argument neglects the fact that an
increased conversion rate also increases the losses from excluding marginal entrepreneurs,
as those innovators were more profitable for the platform under a higher conversion rate.
As a result, the net effect on innovation of a change in A is not immediately obvious.

The crucial insight needed to establish Lemma 2 is that the marginal gains from inno-
vation are determined not only by the profits from imitation, but also by the platform’s
baseline profits under monopoly. These gains are therefore less sensitive to the conversion
rate than are the inframarginal losses of innovation, which are solely determined by changes
in profits from imitation. As a result, if marginal gains balanced inframarginal losses at a
given A, raising the conversion rate raises marginal gains by less than it raises inframarginal
losses. The amount of innovation must then fall to optimally re-balance these levels. A corol-
lary of this reasoning is that if ﬁf\} = 0, i.e. the platform makes no profits merely by hosting
the entrepreneur’s product, then the conversion rate would have no impact on the optimal

amount of innovation.

4 The Laissez-Faire Outcome

We now derive the form of an optimal competition policy absent regulation under the linear

demand model. (We generalize these results to nonlinear specifications in Section 6.1.)
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Recall that a competition policy is a function 7" : Ry — Ry U {oo}, specifying an imitation
time for each possible demand state a. As in the no-uncertainty benchmark of Section 3, the
problem of designing an optimal competition policy can be reduced to optimally targeting a
threshold innovation cost x € [k, k| to innovate. Unlike in that benchmark, however, there
are now many ways the platform could induce a particular threshold, as the competition
policy has many degrees of freedom.

A first step in the analysis is therefore to characterize the optimal competition policy

given a desired level of innovation. That is, the platform must design a policy 7" to maximize

G (st + [ ar(@)e @ anp ~ k) )

subject to the marginal entrepreneur’s zero-profit constraint
u¥ + Aup / dF(a) e T g = rg.

As usual, only cost thresholds satisfying k > %0 can be implemented by some competition
policy. However, no policy which imitates in states a < ag, where g is as defined in Section
2.3 and satisfies agAup = rkp, can ever be optimal for the platform in the global problem
in which the platform optimizes over k. As a result, we may assume that T'(«a) = oo for
a < «p, in which case only cost thresholds satisfying the stricter lower bound s > kg are
achievable, where kg > %0 is as defined in Section 2.3. Going forward, we will restrict
attention to cost thresholds satisfying this latter lower bound.

The following lemma establishes that an optimal competition policy inducing a threshold

k € [ko, k] takes a simple threshold form: The platform imitates immediately in demand

states above a marginal state a*(x*), and avoids imitating in all other state.

Lemma 3. The optimal competition policy inducing an innovation cost threshold k € [k, k|

14



is uniquely defined up to a measure-zero set of demand states. One optimal policy satisfies

T*(a,k) = T(k), a=a*(k)

where

a*(k) = sup{a : ,u%[—i—A,uE/ dF(e/) o < 7%}
{

o' >a}

and T(k) € Ry U{oc} is the smallest solution to

pE + Apg (/ dF(a)a + a*(m)AF(a*(n))e’”T> =Th.
{a>a*(x)}

The threshold o* (k) satisfies a*(k) € [ap, 00) and is continuous and increasing in K.

Optimal imitation exhibits a threshold structure with respect to the demand state be-

cause, under a linear demand specification, the marginal conversion rate

Allp(a) — rkp

M) = = AT ()

is larger in better demand states. The marginal conversion rate is closely analogous to the
average conversion rate A defined in Section 3.1, but conditions on imitation in a particular
demand state rather than assuming uniform imitation across all states. Under linear demand
A() is strictly increasing in «, and so the most profitable way for the platform to extract
a given amount of surplus from entrepreneurs is to imitate in high demand states.
Whenever the demand distribution is continuous at the threshold demand state o*(k),
the threshold state arises with zero probability and the choice of imitation time in this
state is immaterial. In this case, we follow a convention which selects an optimal policy
with T'(k) = 0. By contrast, whenever the threshold demand state arises with positive
probability, due to the presence of an atom in the demand distribution, the choice of T'(k)

affects the average profits of both players. In that case, T'(k) is uniquely pinned down by

15



the entrepreneur’s zero-profit condition, and may be both nonzero and finite.'!

Given a threshold innovation cost k € [ko, k], the platform’s total profits are

Up(k) = G(k)r™* (M% + / dF(a) e " @R (aApp — rkp)> .

The following lemma establishes that the platform’s optimal innovation cost threshold is
interior and is the unique critical point of Up(k). It also writes the corresponding FOC in

a form which will facilitate analysis of the impact of a data regulation.

Lemma 4. The optimal innovation threshold k* is unique, satisfies k* € (ko, k), and is

characterized by the first-order condition

(up + (uif — re*)A(a* (k7)) + R(a* (k7)) = rA(a*(k%)),

where

R(a) = rkp /{ . dF (d/) <Z - 1> .

This first-order condition is very similar to the one derived in Lemma 1 for the no-
uncertainty case, with two important distinctions. First, the average conversion rate A is
replaced by the marginal conversion rate A(a*(k)), reflecting the fact that under demand
uncertainty, a marginal increase in imitation occurs solely in states near a*(k) and thus
converts the entrepreneur’s profits into platform profits at the rate A(a*(x)). Second, the
left-hand size of the FOC, capturing the profit to the platform from admitting an additional
entrepreneur, contains an additional non-negative remainder term R(a*(x)). This term
accounts for the fact that the marginal conversion rate is not constant as x changes, and
is larger for higher . Thus the conditional average conversion rate, governing the overall
profits from an entering entrepreneur, is larger than the marginal conversion rate. The
term R(a*(k)) corrects for this discrepancy. In general this remainder term pushes the
platform toward a larger threshold innovation cost, i.e. more innovation and less imitation,

than would be suggested by the marginal conversion rate alone.

11f we allowed the platform to commit to a randomized competition policy, then delayed imitation could
be replicated by randomization over extremal imitation.
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5 Regulating Data Usage

We now evaluate the impact of a regulation which prohibits the platform from using market-
place data to inform product introduction. We will refer to such a regulation as an insider
imitation ban. In the context of our model, this restriction amounts to requiring that the
platform choose a competition policy which is independent of the demand state «. Under
such a regulation, uncertainty in market demand is immaterial to both the platform and the
entrepreneur, as each player’s payoff under any permitted policy is a function only of aver-
age profits under each market structure. As a result, the optimal competition policy under
the regulation is exactly the optimal policy of the no-uncertainty benchmark characterized
in Section 3.

In Section 5.1, we characterize the impact of an insider imitation ban on the quantity
of innovation. In Section 5.2, we use this result to assess when the regulation increases
or decreases social welfare. Throughout this section, we will maintain a linear demand

specification, as in Section 4.

5.1 Does Regulation Stimulate Innovation?

We first determine how an insider imitation ban impacts the total quantity of innovation.
Since innovation is increasing in the threshold innovation cost, this comparison is equivalent
to characterizing the sign of k* — k**, recalling that £* is the platform’s optimal innovation
cost threshold absent regulation, while x** is the optimal threshold under regulation.

Our results establish that regulation stimulates innovation if the demand distribution F
has a sufficiently large upside demand potential, with a significant fraction of total demand
distributed far above the mean; and that conversely regulation stifles innovation if the
demand distribution has little upside potential, with most demand distributed below the

mean. These findings are formally captured in the following pair of propositions:

Proposition 1. There exists an € > 0 such that for any demand distribution F, if

/ dF(a)ae>1—¢
{ax<1}

then k* > K**.
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Proposition 2. There exists a demand state @ > 1 and an € > 0 such that for any demand

distribution F, if

/ dF(a)aa>1—¢
{a>a}

then k* < K**.

These two propositions connect the impact of regulation to the behavior of the tail

weight function

@(a)z/{ N }dF(o/) o

This function tracks the fraction of total demand lying above a given threshold demand
state. By definition ®(0) = 1, as all demand must be accounted for at some demand
state and total demand is normalized to 1. Additionally, ® is decreasing in «a and satisfies
limg 0o () = 0. We will refer to ®(«) as the a-tail weight, and ®(1) in particular as
the mean tail weight. Proposition 1 says that if the mean tail weight is sufficiently close
to 0, then the regulation must reduce innovation. Meanwhile Proposition 2 says that if,
for a large enough @, the a-tail weight is sufficiently close to 1, then the regulation boosts
innovation.

Distributions with a large a-tail weight correspond to experimental products: They
exhibit a high incidence of demand at very high demand states, counterbalanced by a high
probability of very low demand. For instance, consider a 2-point demand distribution with
mass on a € {ay, a*}, where o* > @ and a, < 1.2 The mass p = AF(a*) placed on state
a* must ensure that the mean demand is 1, i.e. p = (1 — ay)/(a* — ay) € (0,1). This
distribution has an a-tail weight

1— .

@7: Mo T
(@) = pa [/t

which may be taken arbitrarily close to 1 by taking a, close to zero. In this limit p converges
to 1/a*, meaning that the complementary probability 1—1/a* is placed on a state with very

little demand. This probability may be very close to 1 if o* is large, indicating a significant

12\We have imposed the regularity condition that F have support on an interval, and so formally such
a distribution must also have a positive density on the interval (a.,a™). But this density may be taken
arbitrarily small, approximating a 2-point distribution as closely as desired.
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chance that the product fails to find a market. For such experimental products, a ban on
insider imitation will lead to increased innovation.

Distributions with a small mean tail weight, on the other hand, correspond to incre-
mental products: They exhibit very little demand above the mean, with a corresponding
concentration of overall demand near the mean. Consider the same two-point distribution
as in the previous paragraph, with the requirement that o* > @ weakened to a* > 1. The
mean tail weight of this distribution is ®(1) = pa*, which may be made arbitrarily small
by taking a, to 1. Note that in this limit, p converges to zero. Thus not only does the
lower mass move toward 1, but all of the weight of the distribution shifts toward this mass.
This limit therefore corresponds to a demand distribution which is concentrated around the
mean. For such incremental products, a ban on insider imitation leads to a reduction in
innovation.

The demand tail weights govern the impact of regulation because they control the
marginal demand state implementing a target innovation cost threshold. When the right
tail of the distribution has significant weight, most cost thresholds correspond to threshold
demand states below the mean. At such demand thresholds, the marginal conversion rate is
lower than the average rate. In particular, the demand threshold o*(x**) which would im-
plement the optimal regulated cost threshold falls below the mean. As a result, the platform
finds imitation less attractive absent the regulation versus under it, in line with Lemma 2
and the discussion which follows. This force leads the regulation to suppress innovation.
The opposite logic holds when the right tail has significant weight and most cost thresholds,
in particular the optimal regulated threshold x**, are implemented with demand thresholds
significantly above the mean, leading to reduced imitation and a rise in innovation under
regulation.

The one factor complicating this reasoning is that, in general, the unregulated platform’s
incentive to imitate is lower than indicated by the marginal conversion rate, as highlighted
in the discussion following Lemma 4 and reflected in the remainder term R(a*(k)) in the
unregulated FOC. As a result, the marginal demand state must be sufficiently far above
the mean state for the larger conversion rate to imply an increase in imitation absent the

regulation. This force drives the threshold state & appearing in Proposition 2 above 1.
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The logic underpinning Propositions 1 and 2 connects a product’s upside potential, an
exogenous feature of the demand distribution, to whether an endogenous marginal demand
state lies above or below the mean. This finding is reminiscent of the results of Johnson
and Myatt (2006), who identify a demand rotation transformation which controls whether
a monopolist’s profit-maximizing marginal customer has a value above or below the value
of the average customer. While their concept of a demand rotation differs from our notion
of right-tail weight, both results similarly emphasize how the shape of demand may impact

market outcomes via a comparison between marginal and average demand states.

5.2 Welfare

We now evaluate the implications of an insider imitation ban for social welfare. We have
seen that, depending on the shape of the distribution of demand, an insider imitation ban
may either stimulate or suppress innovation. Whether this outcome is good for welfare
depends on whether a regulator, concerned with maximizing social welfare, prefers more
or less innovation than would prevail in the absence of regulation. We will show that,
holding fixed an arbitrary demand distribution, the direction of the inefficiency may go
either direction, depending on how much consumer welfare increases following imitation.
As a result, an insider imitation ban improves welfare only in product markets satisfying
particular combinations of demand uncertainty and consumer surplus gains from imitation.

We perform our welfare analysis under the following regularity assumption:
Assumption 5. Aw > Aup.

This assumption ensures that the platform does not fully internalize the welfare gains from
imitation. It is likely to hold in any market in which introduction of an imitation product
sufficiently lowers prices, so that consumer surplus gains from imitation are high. In partic-

ular, Assumption 5 may be equivalently written v > v, where v

is average consumer
surplus under duopoly and v? = vM + |Apug|.

We first compare the platform’s optimal policy to the regulator’s preferred outcome
if it could freely design the platform’s competition policy. The regulator’s optimal policy

can be derived in the same way as the platform’s, substituting total welfare for platform
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profits throughout the derivation. An analog of Lemma 3 can be shown to hold, so that the
regulator would optimally direct the platform to imitate immediately above some threshold
demand state, and to never imitate otherwise, with the threshold state chosen to induce a
target innovation cost threshold. Any disagreement between the regulator and platform’s
optimal policies is therefore confined to the choice innovation cost threshold. The regulator’s

B

optimal innovation cost threshold, which we will denote xZ, can then be shown to satisfy

a first-order condition similar to the one derived in Lemma 4.

FB compares to £* as v, the average consumer

The following lemma characterizes how k
welfare under duopoly, varies. Note that varying v” does not change £* or £**, as consumer

surplus does not enter into the platform’s profit function.

Lemma 5. Fiz all model parameters except for vP. Then ¥'P is strictly decreasing in vP.

Further, there exists a threshold 7 > vP such that k'8 = k* if VP =P,

This lemma establishes that the regulator prefers more innovation than the platform

D is small, but less innovation when v is large. This result reflects the fact that v

when v
mediates the regulator’s tradeoff between collecting the baseline welfare w? from additional
products under a monopolized market, versus the enhanced welfare w? from fewer products
under a duopoly. As vP rises, the regulator increasingly prefers imitation at the cost of
innovation, and its optimal cost threshold falls relative to the platform’s.

The following result establishes that for sufficiently extreme values of v, an insider

imitation ban impacts welfare in a manner reflecting the comparison between x'? and x*.
Proposition 3. Fiz all model parameters except for vP.

1. Fiz a demand distribution F such that x* < &**. Then if vP is sufficiently large, an

insider imitation ban strictly reduces social welfare.
2. Fix a demand distribution F' such that k* > k™*. Then:

o If UP is sufficiently close to vP, an insider imitation ban strictly reduces social

welfare.

o If P is sufficiently large, an insider imitation ban strictly increases social welfare.
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There are two reasons why this proposition characterizes the impact of the regulation
on welfare only for extreme values of vP. The first reason is that for intermediate values
of vP, the regulation may overshoot, moving the cost threshold further than the regulator
would prefer to do if it could directly control the threshold. In particular, if v is close to
the value at which x? = k*, then the regulator would prefer only a small change in the
threshold, but the difference between x* and x** is independent of v” and so will in general
be larger than optimal.

The second reason is that imposing the regulation always imposes an inefficiency, due to
the elimination of the platform’s ability to target imitation toward high demand states. This
targeting is always beneficial for welfare, as it transforms entrepreneur profits into social
welfare more efficiently. As a result, if the platform’s optimal cost threshold remained fixed,
then the regulation would necessarily degrade welfare. If the regulation is to improve social
welfare, the efficiency gains achieved by moving from x* to £** must be sufficiently large
S0 as to outweigh the inefficiency from eliminating targeting. The proof of the proposition
establishes that this outcome arises only for sufficiently large v”.

The inefficiency arising from eliminating targeting makes it impossible to guarantee that,
for sufficiently small values of v?, an insider imitation ban necessarily increases welfare
when the ban leads to increased innovation. This is because for such values of v, the
inefficiency from lost targeting looms large. Depending on model parameters, a range of
vP for which regulation is good for welfare may or may not exist. Perhaps surprisingly,
an insider imitation ban can be ensured to increase welfare for some consumer surplus

specifications only when the ban would lead to less innovation.

6 Extensions

6.1 Nonlinear demand states

We now extend our analysis to general nonlinear demand specifications. A basic complica-
tion arising when demand is nonlinear is that the conversion rate A(«) is not necessarily
monotone. As a result, an optimal competition policy is not guaranteed to be a threshold

rule in . To avoid this complication and generalize our results from the linear case, we
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impose the following regularity assumption:
Assumption 6. A(«) is strictly increasing in «, and limgy—yo0 A(a) < 00.

This assumption guarantees that as « increases, imitation transfers profits more effi-
ciently from the entrepreneur to the platform. As a result, the most profitable way to
induce a given level of post-entry profits for the entrepreneur is via a threshold rule. It also
bounds the limiting conversion rate at high demand states, preserving a useful technical
property satisfied by A(a) in the linear case.'?

Under Assumption 6, the platform’s optimal imitation threshold «* satisfies a first-order
condition characterized in Lemma 4:

G'(k*)
G (k)

(T3 + A" ()T = r*) + R(a*(%)) ) = rAa*(x)),

where now

Rla) = /{ () (M)~ A@) [ATLs(e)}

This remainder term reflects the difference between the marginal conversion rate A(«) and
each of the inframarginal states A(a’), weighted by the amount of profit |AIlg(a')| extracted

from the entrepreneur in each demand state. Note that when demand is linear,
a/
(A(a)) = Al@)) |ALlg(e)| = rkp < - 1) ,
e
recovering the form of the remainder term obtained in the baseline analysis.

6.2 Transfers

We now study the platform’s imitation problem when an additional tool is available: The
platform may make lump-sum transfers to or from an entrepreneur who wishes to list their
product on the platform. As in the baseline problem, there is no value to conditioning the
transfer or the competition policy on a reported cost type by the entrepreneur. Additionally,

without loss the platform does not condition the price on the realized demand «, as this

13Note that whenever F has support on a bounded interval, the limiting behavior of A is irrelevant and
no assumptions need be placed on it.
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simply introduces randomization into the transfer, and both the platform and entrepreneur
care only about the total expected transfer. It is therefore sufficient to consider schemes
of the form (7(-),p), where T'(-) is a competition policy and p is a price charged to the
entrepreneur to list on the platform (which could be negative). We will refer to such a
scheme as a listing policy. Real-world practices vary on this front. For example, Walmart
does not charge sign-up or fixed fees, whereas Amazon offers a plan with a fixed monthly

fee. 14

6.2.1 The unregulated problem

As in the baseline problem, any listing policy induces entrepreneurs below some threshold
cost type to innovate. The platform’s policy design problem can therefore be solved by first
characterizing an optimal policy inducing a given entry threshold, and then optimizing over
the threshold. Given a cost type k to be made indifferent over entry, the platform’s profits
are maximized by first choosing a competition policy which maximizes industry surplus, and
then setting the price of entry to extract all surplus from the marginal entrepreneur. Surplus
is maximized by immediate imitation for demand states above the industry break-even state
ol satisfying

aI(Aup + Apg) —rkp =0.

The associated optimal listing policy is

0, a>aof Y
T*(a, k) = ) = +ME/{

00, a<al

dF(«) a) — K.

a>al}

Unlike in the baseline problem, the platform faces no restrictions on the threshold types it
may induce—any choice of x in [k, k] is implementable.

I compares to a*(x), which is the

Whether p* is positive or negative depends on how «
break-even demand state absent payments. If a*(k) < af, then p*(k) is positive, while if

o*(k) > !, then p*(k) is negative and entrepreneurs are subsidized to enter. Further, the

YMFor Walmart marketplace fees, see https://tinyurl.com/3dn22hnx. For Amazon fees, see https://
tinyurl.com/46u8tmwe.
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price charged to the entrepreneur declines as k rises.

Define II7 to be total industry flow profits under an optimal listing policy. That is,

=il + [ dF(@) (@(Bus + Ap) k).

{a=a'}

Then the platform’s profits as a function of x are
Up(k) = G(r)(r I} — k).

Since II7 > H% > 1k, this expression is strictly positive for all choices of k. The platform’s

optimal innovation threshold x*, if it is interior, satisfies the first-order condition

(II; —rk) = 1.

Our assumptions guarantee that * is interior, because G’(k) = 0 by Assumption 1, while
G'(k)/G(k) goes to 0o at k = k given our monotone hazard rate condition combined with

G(k) = 0.

6.2.2 The regulated problem

Now consider imposing the usual regulation that the platform may not condition 7" on a. It
continues to be the case that, conditional on k, the platform chooses a competition policy
which maximizes industry profits (subject to the regulatory constraint) and then charges
a price which extracts all surplus from the marginal entrepreneur. So an optimal listing

policy is

07 aI S 1 1 M T**
T (k) = . pi(R) = (4 Appe T — g,

00, al >1

Let II7* be the industry’s optimal flow profits under the regulation:

7 = max{py + pp, ng + pp — rkp}.
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Then the platform’s regulated profits as a function of x are
Up(k) = G(r)(r~'TI}* — ).

Because 117" > ,u%[ > rk, the platform’s optimal regulated innovation threshold x** is

interior and satisfies the first-order condition

(117" —rk) = 1.

In general 1I7* < 1I7, and so x** < x*. Further, whenever a! lies in the interior of the
support of F' both inequalities must be strict.
Note that unlike in the problem without transfers, where the impact of the regulation on

innovation was ambiguous, with transfers the regulation unambiguously reduces innovation.

6.2.3 When is regulation optimal?

We now compare the regulator’s welfare with and without regulation. In case ! does not
lie in the interior of the support of F), then the regulation does not change market outcomes
and so has no impact on welfare. So assume going forward that Pr(a > af) > 0 and
Pr(a < af) > 0.

When unrestricted transfers are available, the regulation always strictly reduces entry.
If it additionally weakly reduces total welfare post-innovation, then the regulation is unam-
biguously bad for ex ante welfare.

Suppose first that ol > 1, so that the regulation suppresses all imitation. Then total

welfare drops post-innovation if
wM + / dF(a) (aAw — rkp) > wM.
{azal}
Since Aw = Apg + Aup + Av > Aug + App, we must have o Aw — rkp > 0. Therefore

/ dF (o) (aeAw —rkp) > 0.
{a>a'}
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So welfare indeed drops post-imitation. Hence the regulation is unambiguously bad for
welfare whenever its effect is to suppress imitation.
Suppose instead that ! < 1, so that the regulation leads to imitation in all demand

states. Then total welfare drops post-innovation if
wM +/ dF (o) (aAw — rkp) > wP — rkp,
{a>al}
or equivalently, if

/ dF (o) (aAw — rkp) < 0.
{azal}

D

This inequality holds whenever v is sufficiently close to ™. So the regulation harms

welfare if it increases imitation but the consumer surplus gains from imitation are small.
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A Proofs

A.1 Lemma 1

The optimal threshold x** must satisfy the FOC

G/(H**)
G(/ﬁ}**)

)

7M J—
= — Iy, —re** Allp — rk
My + (Allp — rkp)—2 " | <22 T0P

|Allg| |Allg|
with equality if the lower bound constraint « > 7%0 does not bind. Note that given our
monotone hazard rate condition, the lhs of the FOC is strictly decreasing in £**, while the
rhs is independent of £**. Thus either there exists a unique interior optimum, or else the lhs

is smaller than the rhs for all x** > EO, and the lower bound constraint binds. Assumption

4 ensures the former case obtains.

A.2 Lemma 2

Fix A > 0. By arguments very similar to the proof of Lemma 1, K(A) can be shown to

satisfy R(A) < k and Q(%(A), A) < 0, with equality whenever 7(A) > ko, where

(ﬁj\}f + (ﬁ]\E/l — r/@)A) —rA.

Therefore Q(k, A) is decreasing in A when k = K(A). Since (2 is additionally decreasing in &
everywhere, it must be that K(A’) < ®K(A) if A’ > A, and this inequality must hold strictly
if 7(A) > ko.
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A.3 Lemma 3

The Lagrangian for the competition policy design problem is
2 = G(r)rt <u% + / dF (o) e ™) (aApp — Tkp)) (A1)
+ Mt <MAE/[ + AuE/dF(a) e 1@y — 7’/1) . (A.2)
Re-arranging this expression yields
L =r! / dF(a) e "7 (a(G (k) App + AApg) — G(k)rkp) + const,

where “const” are additive constants not depending on T'(-).

We look for possible saddle points of this problem in two different regimes, depending
on the sign of G(k)Aup+AApg. If this expression is strictly is strictly positive, then letting
of(\) = rkp/(App + App)/G(k)) > 0, the Lagrangian is maximized by setting

(6 OéT
T(a) = 0, > al(N),

00, a<al()),

with any choice of T'(af())) consistent with optimality. Such a policy satisfies the zero-profit

condition iff
py + Apg </ dF (o) a + AF(aT(A))erT(O‘T(’\))> =rk.
fa>at(V)}

The threshold demand state af(\) may be set anywhere in the interval (0, c0) by an appro-
priate choice of A. By definition of a*(k), the zero-profit condition can be satisfied only if

af(\) = a*(k). This demand threshold corresponds to the Lagrange multiplier

Further, the condition pu} > rk implies that o*(k) < oo for every k < k, so that when

af(\) = a*(x), an appropriate value of T(a*(x)) ensures that the zero profit condition
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will be satisfied. If F' is continuous at o = «o*(k), then any associated choice of T'(a*(k))
satisfies the zero-profit condition; in particular, we may choose T'(a*(k)) = 0. Otherwise,
there exists a unique T(x) € R, U {oo} such that the zero-profit condition is satisfied when
af(\) = a*(k). This characterizes the essentially unique saddle point satisfying G(k)Aup +
AMpg > 0.

Suppose instead that Aup + AApg is non-positive. In this case, the integrand in the
Lagrangian is everywhere strictly negative, and the Lagrangian is maximized by setting
T () = oo everywhere. But then the marginal entrepreneur’s profits from entry are r 1 ,uAE/[ —
k, which does not satisfy the zero-profit condition. So no such saddle point exists.

As an essentially unique saddle point exists, it must represent the solution to the plat-
form’s problem. It remains only to prove that a*(k) is continuous, increasing, and satisfies

a*(k) > ap for all kK > ky. Let

Via) = pd + AME/ dF(a)d.
{o/2a}

Then V(+) is an increasing function, and by continuity of measure it is left-continuous. First
observe that V' (ag) = rko by definition of ko, and so a*(k) > ag for all K > kg. Next, left-
continuity combined with the definition of a*(x) implies that V(a*(x)) < rx for all k. But
then also V(a*(k)) < rx’ for every £’ > &, implying that a*(x’) > a*(k), i.e. @*(+) is an
increasing function.

Now, suppose that lim,/4, a* (k') = o*(k—) < a*(k). Then for every o’ € (a*(k—), a*(k)),
we have V(a/) > rr’ for all k' < k, meaning that V(o) > rk. Since V(a*(k)) < rk, it must
be that V(o) > V(a*(k)). Given that V is increasing and a*(x) > ¢/, this inequality can
hold only if V(a/) = V(a*(k)). In other words, V is constant on the interval (a*(k—), a*(k)].
But we must also have V(a) > V(a*(k)) for all a > a*(k), and V(a) > V(a*(k—)) for
every o > o*(k—). In other words, both a*(k—) and a*(x) must lie in the support of F.
But by assumption the support of F' is an interval, meaning that V must be strictly in-
creasing on (a*(k—),a*(k)], a contradiction. So it must be that a*(k—) = a*(k), i.e. a* is
left-continuous.

Suppose instead that lim,/ |, a*(k") = a*(k+) > a*(k). Then for every o € (o*(k), a*(k+)),
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we have V(') < rx’ for all &’ > k, meaning that V(o) < rk. But also V() > rk given that

o' > a*(k), a contradiction. So it must be that o*(k+) = a*(k), i.e. a* is right-continuous.

A.4 Lemma 4

Recall that Up(k) is the value function of the maximization problem

G(r)r™ (u% + / dF(a)e T (aApp — rkp)>

subject to the constraint

P (M% + Apg / dF(a)e (@) g — ’r‘li) =0.

The proof of Lemma 3 establishes that \*(k), the Lagrange multiplier on the constraint at

the optimal policy, satisfies \*(k) = G(k)A(a*(k)). Hence by the envelope theorem

Up(k) = G'(k)r~! <,ug + /dF(a) e TR (aApp — rk:p)> — G(r)A(a*(kK)).

We characterize the maximum of Up by establishing that U}, crosses zero exactly once.

To this end, define

Qk) = Gn) (MJ).K[ + /dF(a) e @R (qApp — rk:p)) —rA(a*(k)).

By construction, the signs of Q and U}, agree everywhere. We first establish that Q(k) is
strictly decreasing in . The monotone hazard rate assumption on G ensures that G'(k)/G(k)
is weakly decreasing in k. Meanwhile, Lemma 3 implies that T*(a, k) is increasing in & for

every «, and that additionally

M
dF(a) e ™ (@r) g — g — T _7%,
/ () |Apg|

so that the lhs is strictly decreasing in k. Thus T%*(«, k) must strictly increase on a positive-
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measure set of & when k increases. This result implies that
/dF(a) e @R (qApp — rkp)

is strictly decreasing in x for all K > kg. Finally,

alApp —rkp  App rkp

Aa) = = - )
@) = Azl 1Aupl ~ alBuz)

which is strictly increasing in . Then since a*(k) is increasing in &, it must be that A(a*(k))
is increasing in . It follows that Q(x) is strictly decreasing in &.
We next establish that 2 is continuous in x. To do so, we first rewrite ) in terms of

R(k), as in the lemma statement. Combining the algebraic identity

/ dF(a)e @) (alpp —rkp) = A(a” () / dP(a)e " @a

+rkp / dF(a) e—TT*W)( @ _ 1),

a* (k)

with the entrepreneur’s zero-profit condition, which may be written

M _
/dF(a) eiTT*(QVH)a — u)
| Al

yields the identity

/dF(a) e TR (aApp — rkp)

—rT*(a,k &7 *
= rkp/dF(a)e T*(asm) (a*(ﬁ) - 1) + (1 — rr)A(a*(K)).
Given that T*(«, k) = oo for a < a*(k) while T*(«, k) = 0 for @ > a*(k), we therefore have

/ dF () e ") (aApp — rkp) = R(a" (k) + (1 — rr)A(a ().

(This identity holds whether or not F' has an atom at a*(k), as the integrand of the integral
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appearing in R(a*(k)) vanishes at o = o*(k).) Hence €2 may be written

(¥ + R(a* (k) + (g —re)A(a’ (r))) — rA(a* (k).

Since G'(k)/G(k) and o*(k) are continuous in k while A(«) is continuous in «, Q(k) is
continuous in  so long as R(«) is continuous in «. Using integration by parts, R(«) may

be written

R(a) = rkp lim [(1 — F(o)) (Z - 1)}? 4 The do/ (1 — F(o)).

o la o {a>a'}

The lower surface term trivially vanishes, while lim,/_,, /(1 — F(a’)) = 0 given that F has

a well-defined first moment, so that the upper surface term vanishes as well. Thus

R(a) = rkp do’ (1 — F(d)).

« {a>a'}

Since definite integrals are continuous in their limits of integration, R(«) is continuous, as
desired.

Now, define k* = sup{x € [ko,k] : Q(x) > 0}. By definition Q(x) < 0 for all x > x*,
and additionally there must exist an increasing sequence k,, — k* such that Q(k,) > 0, so
that Q(k) > 0 for all K < k* given that  is strictly decreasing. Hence x* is the unique
maximizer of Up. Further, G’(k) = 0 implies that Q(k) < 0. Meanwhile if kg > k, then
a* (ko) = ap and A(a*(ko)) = 0, while if kg = k, then G(kg) = 0, so that in either case

Q(ko) > 0. Then by continuity of £ it must be that v* € (ko, k) and Q(k*) = 0, which is

the desired first-order condition.

A.5 Proposition 1

We begin by observing that under an insider imitation ban, when only the average demand
state enters each player’s profit function due to the linear demand specification. As a result,
Kk** is independent of the shape of the demand distribution. Throughout this proof, as well
as the proof of Proposition 2, we will take k** to be fixed as we consider alternative shapes

of F.
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Note that 750 < kg, so that it is possible for k** < kg. In this case trivially x* > k**
regardless of the shape of F, and so in particular the result holds under the condition of the
lemma statement. For the remainder of this proof, assume that «** > k.

Let
(1 + (i = re)A(a*(r)) + R(a*(k))) — rA(a* (k)

be the difference between the left- and right-hand sides of the unregulated FOC, evaluated

at an arbitrary x € [ko, k], with

0 20) = (= Gt = 7)) (8= A () + G (e ()
By assumption, ** > kg, so it lies in the domain of the unregulated platform’s problem.

Since Q(k**) = 0 by Lemma 1, we have

*k\ r— G/(’%**) M —7‘/{** A a* li** G,(K**) Oé* Ii**
) = (7= Gl = ) ) (A= A () + G R (7))

By rearranging the first-order condition appearing in Lemma 1, we obtain
G/<ﬁ**) M Kok G/</{k*) lu’y
o (E —TET) = D

G(k**) G(k**) A

which when combined with the previous expression for Q(x**) yields

0 - S0 (1 (1 MDY )

Lemma 4 establishes that if Q(x*™) > 0, then x* > £**, and conversely if Q(k*™) < 0
then x* < k**. Then since R(a) > 0 for all a, it must be that Q(k**) > 0 if A > A(a*(k)).

Note that

Aa) = alAup —rkp  App B rkp
o|Apgl |App|l  o|Augl
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is strictly increasing in «, and is equal to A when o = 1. Hence if o*(k**) < 1, we have
Q(k™) > 0 and so k* > K**.

Now, by definition o*(x**) satisfies the zero-profit constraint

i — | Apg| ( / dF(a) o + a*(n**)AF(a*(m**))eTT(”**)> = rr**.
{a>a® (k*)}

But also, x** must satisfy the regulated zero-profit constraint
kok

= |Apple™ T < i

Hence

/ dF(a) o+ OZ*(H**)AF(O[*(K,**))e_TT(H**) _ e_’r%(ﬁ**)’
{a>a*(k**)}

where k** > kg, as established by Lemma 1, implies that T'(x**) € (0, 00). It follows that if
/ dF (o) a < e_’”f(”**),
{ax1}

then we must have o*(k**) < 1. Letting ¢ = e T(=) 5 yields the condition in the lemma

statement.

A.6 Proposition 2

We first establish that if ®(ap+) = limg |, P(a) is sufficiently close to 1, then £** > k.
Recall that by definition

ko = max{k, v~ (u} + App®(ap+))}.
Therefore as ®(ap+) — 1, we have
ko — max{kr ", u2} = ko.

Then since £** > kg, we have also that x** > ko for sufficiently large ®(ag+).

Now, suppose that @ is chosen large enough that @ > ag. Then given that ® is a

38



decreasing function, we have ®(ap+) > ®(@), and in the limit as ¢(a) goes to 1, we must
have ®(ap+) go to 1 as well, in which case k** > k. Going forward, we will assume that

** > ko, allowing us to

@ is sufficiently large and ®(@) is sufficiently close to 1 so that &
evaluate ) at k™.
By the proof of Proposition 1, we know that x* < x** if

) = SO (u (1= MDY 4 i) <o,

and that A(a) is strictly increasing in o and greater than A if a > 1. Note that R(a) may

be bounded above as

Hence

e < g((:)) (u% (1 ) A(a*}j**))) . af(ii*)) .

This bound depends on the demand distribution F only through a*(x**), and it is decreasing
in o* (k™) and strictly negative for o*(k**) sufficiently large. Thus there must exist an @
such that if o*(k**) > @, then no matter the details of F, the inequality Q(x**) < 0 holds.
Any such threshold @ must satisfy @ > 1, since for a*(£**) < 1, we must have Q(x**) > 0.

Now, following logic similar to the proof of Proposition 1, if
/ dF (a) a > e*ﬁ(“**),
{a>a}

then a*(k**) > @. Letting ¢ = 1 — e~ T > 0 yields the condition in the proposition

statement.

A.7 Lemma 5

Define

Qr(k) = [w + Ar(a™ (k) (u —rr) + R(a* (k)] = rAr(a”(k)),
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where

alAw —rk
Ap(e) = — =

alApg|
Arguments very similar to those used in the proof of Lemma 4 can be used to establish that
Qp is strictly decreasing and that Qr(kf?) = 0.

As in the platform’s optimal problem, not all innovation cost thresholds are necessarily
implementable given that the regulator would never direct the platform to imitate when

imitation is welfare-decreasing. Let aff = rkp/Aw, and define

kf = max {k,MAE/I + A,uE/
{

a>aoff}

dF(«a) a} .

Then P € [k{', k]. Note that under Assumption 5, aff < ap and so k' < ko. Thus in
particular k* > kft, and so Qr may always be evaluated at x*.

The difference between Q(x) and Qg (k) may then be written

AQ(k) = (M 4w + ANl —rR)] — rAA,
G(r)
where
AA = BV AuE
|Ap|

Lemma 4 established that Q(x*) = 0, so that AQ(k*) = Qr(k*). Then if AQ(k*) > 0, it
must be that xI'P > x* given that Qp is decreasing in x and Qp(x"?) = 0. And on the
other hand if AQ(x*) < 0, it must be that x? < x*.

Note that x* satisfies

G'(k*)
G(k¥)

(1 + A (i — r6%) + R(a”(5%))] = rA(k"),

where A(k*) > 0. It must therefore be that

G'(k*)

G) (M —rk*) < r.

Hence AQ(x*) is strictly decreasing in AA, and therefore in v?. Further, when vP =
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vM — App = vP, AN = 0 and so AQ(k*) > 0, while for large AA, AQ(k*) < 0. This

implies existence of a threshold 7 > v such that AQ(7) = 0, at which point k'Z = x*.

It remains only to show that x'? is decreasing in v”. To see this, consider Qg (x; ")

FB(VD). VD

)

as a function of v in addition to #, and notice that Qg (x ) = 0 implies that

G’(HFB(I/D))

W(ﬂ% — T‘IQFB(VD)) <.

Hence Qg(k"B(vP);1/) is strictly decreasing in v/ so long as k'B(vP) > kf(v/), which
is required for k"B (v?) to lie in the domain of Qp. Note that aff(v”) and therefore
kE(vP) is decreasing in vP, so that indeed v B (vP) > k(') for v/ > vP. It follows that
Qr(kFB(WP); V) < 0 and so T2 (V) < kF'B(vP) for any v/ > vP. This argument holds for

any v, yielding the claimed monotonicity.

A.8 Proposition 3

The regulation impacts welfare in two ways: it changes the threshold entry cost for E, and it
changes the time and demand states at which the platform imitates. We first show that the
second force always decreases welfare, holding fixed an entry threshold. We then complete
the proof by deriving conditions under which the first force further decreases welfare.

Fix a threshold entry type x > ko and consider the impact on welfare of a change from

no regulation to regulation. Total welfare with and without regulation is

Ur(k) = r1 (wM + /T( )dF(a) (aAw — rkp)> ,

Ur(k) = r" (wM + (Aw — rkp)e_rf(“)) ,

where T(k) satisfies

py + A,uEe_TT(“) = rK.

The discounted entry time may be equivalently written as a fictitious entry threshold a(k),

conditioning on a dummy market demand state which does not enter either player’s payoff
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function. This payoff threshold satisfies

M +/ dF (a)Apg = rk.
a(rk)

«

So we may write welfare under the regulation as

Ur(k) =r" (wM T /~( ) dF (o) (Aw — rkp)> .

Now, note that

o o M _
/ dF(a)a = / dF(a) = 2 — "
a* () a(r) |Apgl

(e}

So the difference in total welfare across the two regimes is just

o* (k)

Ur(k) — Ur(k) = rkp / dF (c).

a(k)
Lemma A.1. o*(k) > a(k) for every k > ko.

Proof. Define B B
m(a) = /a dF (o) o, T(a) = /a dF ().

« «

Note that m(a) = 7(a) = 1 while 7(@) = 7(@) = 0. Meanwhile,

d

7o (@) = () = F'(a)(1 - a),

which is strictly positive if a < 1 and strictly negative if o > 1. It follows that 7(a) > 7(«)

for every « € (o, @). Further, both m and 7 are strictly decreasing in «. Then since

M
* ~(~ Hg — TR
m(a*(k)) =7(a(k)) = 20—
(@(k)) = m(a(x)) gl
and o*(k) > ag > a whenever k > ko, it must be that a*(k) > a(k). O

In light of the previous lemma, Ug(x) > U r(K), establishing the claim that the regulation
must decrease welfare, holding fixed an entry threshold.

As for the first force, suppose first that the regulation increases the threshold innova-
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tion cost. It is therefore enough to identify conditions under which the regulator would
prefer less innovation absent the regulation. Lemma 5 establishes that this is so whenever
vP is sufficiently large. Suppose alternatively that the regulation decreases the threshold
innovation cost. In this case it is sufficient to identify conditions under which the regulator
would prefer more innovation absent the regulation, and Lemma 5 establishes that this is
so whenever vp is sufficiently close to vP.

Finally, for the third part of the proposition, consider a change from the regulated to

the unregulated regime. As shown in the proof of Proposition 5,

a* (Ii**)

Ur(k™*) — Ur(K*™) = rkp / dF(a),
&(n**)
which is independent of 7. It is therefore sufficient to show that Ur(k*) — Ug(k**) becomes
unboundedly negative as 2 becomes large, as this implies that Ug(x*) — Ugr(k**) becomes
negative as well.

We have
UR(H*) - UR(H**) = G(/{*) (wM + /O‘ dF(Oz) (OéA’LU — TkP))
a*(k*)
— G(r*) | wM i dF (o) (aAw — 7k )
( >< o A p>)

This may be written as

a o

Ur(k*) = Ur(k™) = C + Aw <G(/<c*)/ dF (o) o — G(H**)/

a*(li**)

dF () a) ,
*(K*)

where C' is a collection of terms which does not depend on v”. Since Aw is positive and

linearly increasing in v, the desired result follows if we can show that

o

G(r") /a Y iF()a < G / dF () a.

Oé*(ﬁ**)
Using the fact that o satisfies the entrepreneur’s FOC, this inequality is equivalent to
G(R") (g —rr") < G(R™)(pgf —rr™).
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Define ((k) = G(k)(u¥¥ — rk). Then

') =60 (Gt~ ) —r).

The second term in this expression is strictly decreasing in k. Therefore if {'(k**) < 0, the
same inequality holds for all £ > «**. And {/(k**) < 0 is equivalent to

G/(H**)

G(H**) (H% - TH**) <,

which is implied by the FOC satisfies by x**. So ( is strictly decreasing in k above x**. The

assumption that £* > k™ then implies that ((k*) < ((k**), proving the result.

44



	Introduction
	Model
	The environment
	Competition policies
	Notation and assumptions

	The No-Uncertainty Benchmark
	The Value of Imitation

	The Laissez-Faire Outcome
	Regulating Data Usage
	Does Regulation Stimulate Innovation?
	Welfare

	Extensions
	Nonlinear demand states
	Transfers
	The unregulated problem
	The regulated problem
	When is regulation optimal?


	References
	Proofs
	Lemma 1
	Lemma 2
	Lemma 3
	Lemma 4
	Proposition 1
	Proposition 2
	Lemma 5
	Proposition 3


