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Abstract

This paper studies how platforms jointly choose fees and recommendations
and their implications for fee regulation. A platform charges sellers a commis-
sion rate and ranks products based on price and match-value. The analysis shows
that price-sensitive rankings intensify seller competition, allowing the platform to
extract more surplus. Commission-rate caps constrain fees, but platforms may
respond by making recommendations less price-sensitive, attenuating consumer-
surplus gains. By contrast, capped nominal fees can be more effective because they
shift the platform’s incentives toward transaction volume rather than transaction
value. Effective fee regulation must therefore account for how platforms adjust
their recommendation policies in response.
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1 Introduction

Digital platforms such as Apple’s App Store, Amazon Marketplace, and Booking.com not
only facilitate transactions but also mediate consumer search. Consumers often search
through large product spaces, and platforms shape this search process by deciding which
products are made especially visible. The ordering of listings and badges such as “Ama-
zon’s Choice” may help consumers navigate these choices. At the same time, they in-
fluence which sellers receive attention and demand, thereby affecting the allocation of
demand across sellers, the intensity of on-platform competition, and market prices. Plat-
forms therefore face a joint design problem: how to monetize transactions and how to
steer demand through recommendations.

A prominent feature of platform monetization is the use of commissions proportional
to transaction value. These fees have become one focus of broader efforts to regulate
digital platforms. In food-delivery markets, caps on commission rates have been a central
policy instrument, with many U.S. jurisdictions adopting explicit limits on the percentage
charged by delivery platforms. Related concerns about platform commissions are also part
of the debate over the regulation of Apple’s App Store and other digital platforms.1 Yet
commission regulation is complicated by the platform’s ability to steer demand. A cap
affects outcomes directly by constraining the fee and indirectly by changing the platform’s
incentives to adjust recommendation design.

To study how a platform sets fees and designs recommendations, the paper develops
a stylized model of platform-mediated search. A monopolistic platform intermediates
between horizontally differentiated sellers and consumers who face search frictions. The
platform chooses a commission rate and a recommendation rule that trades off consumer-
product fit against price. Sellers then set prices, anticipating how the recommendation
rule affects their demand. The framework is used to study commission caps and to
compare them with caps on nominal per-transaction fees.

The baseline model features a standard double-marginalization force. The platform
charges sellers for access to consumers, while sellers set final consumer prices. Specifically,
the commission raises sellers’ effective marginal cost of making a sale. If sellers retain
market power on the platform, final prices therefore reflect both the platform fee and a
downstream seller markup. Recommendation design affects this downstream component:
more price-sensitive recommendations make seller demand more elastic and compress
seller markups.

This yields a simple characterization of platform incentives. In the absence of regula-
tion, the platform chooses a maximally price-sensitive recommendation rule to intensify

1For examples of food-delivery commission caps, see Seattle Municipal Code (2022); Administrative
Code of the City of New York (2025). In the App Store context, restrictions on commission rates typically
arise from broader regulatory and litigation debates over platform conduct, rather than from isolated
commission-cap policies. See, for example, Crémer et al. (2024); Competition Appeal Tribunal (2025).
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seller competition and increase the surplus it can extract through its commission. At the
optimum, downstream markups are competed away, and the platform adjusts its commis-
sion to replicate the vertically integrated monopoly outcome. Thus, strong on-platform
seller competition can coexist with limited consumer gains and substantial platform sur-
plus extraction.

Commission caps change these incentives. A binding cap constrains the platform’s
ability to monetize transactions through the commission rate but leaves recommendation
design under its control. The platform may therefore respond by reducing the weight
placed on price, allowing sellers to retain more market power. Commission caps can
consequently have more modest effects on prices and consumer surplus than an analysis
with a fixed recommendation rule would suggest. By contrast, when a nominal per-
transaction fee is capped, the platform’s incentives shift toward transaction volume rather
than transaction value, aligning the platform’s recommendation incentives more closely
with consumer welfare.

Extensions in Sections 4.3 and 5 examine restrictions on algorithm design and forces
that limit the optimal price sensitivity of recommendations. When algorithm design is
coarse, commission caps can leave consumers worse off. Endogenous quality investment
and vertically differentiated products, stylized by the presence of an inferior but cheap
product, likewise reduce the platform’s incentive to place maximal weight on price. The
proofs of Sections 3 and 4 are in the Appendix. Additional results and the proofs of the
extensions in Section 5 are in the Online Appendix.

Literature. This paper studies platform-mediated search and recommendation design
and their interaction with platform monetization. The consumer side builds on search
models of horizontally differentiated markets (Wolinsky, 1986; Anderson and Renault,
1999), but search is mediated by a platform that observes match values and chooses how
prices enter recommendations. This differs from canonical models of two-sided platforms,
where buyer–seller interactions are captured through reduced-form cross-group effects
(Armstrong, 2006; Rochet and Tirole, 2003, 2006).

Hagiu and Jullien (2011) show that intermediaries may strategically divert search
and thereby affect both consumer search and firms’ pricing incentives. Such distortions
in platform-mediated search can arise along several design margins. One is how much
weight rankings place on price relative to product fit, which in this paper is chosen jointly
with the platform’s commission rate. Another is recommendation precision, that is, how
accurately platforms direct consumers to their best-matching products (Nocke and Rey,
2024; Peitz and Sobolev, 2026; Ng, 2025).2

Two papers are particularly close. The closest paper on ranking design is Rhodes and
2A related question is whether commissions rather than prices should enter the recommendation

algorithm; see Inderst and Ottaviani (2012) and Teh and Wright (2022).
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Zhou (2026). They consider a fixed ranking rule combining price and product fit and
compare it with a ranking based only on product fit. As in related work (Karle et al.,
2026; Heidhues et al., 2023), the price sensitivity of the ranking is taken as given. Here,
by contrast, the platform chooses how much weight to place on price jointly with its com-
mission rate. On the broader design problem, Teh (2022) is especially close. He develops
a general framework in which platform governance affects both buyer-side value creation
and seller competition, and shows how the direction of governance distortions depends
on whether platform revenues are more aligned with seller surplus or transaction vol-
ume. Recommendation design is one application. The present paper focuses specifically
on recommendation rankings, deriving how their price sensitivity affects seller demand
and markups, and uses this structure to study how fee regulation changes the platform’s
recommendation policy.

Empirical work also highlights the importance of price-sensitive rankings for prices
and purchasing patterns (Dinerstein et al., 2018; Kaye, 2026).

More broadly, several strands of the theoretical literature study how platforms shape
demand and seller competition through design choices beyond the price sensitivity of rec-
ommendations. These include sponsored placement, advertising, and targeting (Berge-
mann and Bonatti, 2011; de Cornière, 2016), the design and coarseness of search results
(Eliaz and Spiegler, 2016), and seller discoverability (Hagiu and Wright, 2024). A re-
lated but distinct strand studies self-preferencing and biased intermediation by platforms
(de Cornière and Taylor, 2019; Hagiu et al., 2022; Lee and Musolff, 2025), which this
paper abstracts from.

A complementary literature studies platform-fee regulation when consumers can sub-
stitute between the platform and a direct channel. In Gomes and Mantovani (2025), price
parity suppresses price-based channel substitution, and regulation trades off limiting plat-
form extraction against maintaining incentives for socially valuable platform provision.
In Wang and Wright (2025), prices differ across channels, so fees distort consumers’ choice
between the platform and the direct channel; efficient regulation balances efficient plat-
form use against the lower seller margins generated by on-platform competition. This
paper instead allows the platform to adjust recommendation design in response to fee
regulation.

2 Model

There is a unit mass of consumers, a finite number of firms n ≥ 2, and a single platform
P that intermediates between them. Each consumer has unit demand and interacts with
firms only through the platform. Firms are indexed by i ∈ {1, . . . , n}.

Each firm offers a single horizontally differentiated product. For each consumer j,
let vij denote the match value from firm i’s product. The random variables {vij}i,j are
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i.i.d. across consumers and firms with common CDF F . The distribution F has compact
support [v, v̄] ⊂ R, with v < v̄, and admits a strictly positive, log-concave density f on
(v, v̄). Each firm produces at constant marginal cost c ∈ (0, v).

Consumers learn prices and match values through sequential inspections. The first
product inspected is selected by the platform’s recommendation rule, described below.
This initial inspection is free and reveals the recommended product’s price and match
value. The consumer may then inspect further products sequentially. Each additional
inspection costs s > 0 and reveals the price and match value of one previously unseen
firm, drawn uniformly at random from the remaining firms. Recall is free: after any
history, the consumer may buy any inspected product or stop without buying.

Consumer j’s utility from purchasing product i at price pi is vij−pi, while the outside
option of not purchasing yields utility 0. If she has conducted k additional inspections
beyond the initial recommendation, she incurs search cost ks. Her payoff is therefore
vij − pi − ks if she purchases product i, and −ks if she stops without purchasing.

The platform observes the entire vector of match values vj = (v1j, . . . , vnj) for each
consumer and prices p1, . . . , pn, while consumers observe (vij, pi) only for products they
inspect. Firms do not observe individual consumers’ match values or search histories.

The platform chooses two policy instruments: a commission rate τ ∈ [0, 1) and a
recommendation algorithm indexed by α ∈ [0,∞]. A sale at price pi gives the platform
τpi and firm i retains (1 − τ)pi before production costs. Section 3.5 considers nominal
per-transaction fees.

For α < ∞, given the match-value vector vj and the price vector p, the platform
assigns product i the score

σij = vij − αpi

and recommends a score-maximizing product, breaking ties by the highest vij. The
parameter α governs the price sensitivity of recommendations: α = 0 recommends the
product with the highest match value, and α = 1 the product that maximizes consumer
utility. When α = ∞, the platform recommends the cheapest product, breaking ties by
match value. This is the natural limit of the finite-α rule.

Given a price profile p = (p1, . . . , pn), recommendation parameter α, and consumer
strategy, let Di(p;α) denote the measure of consumers who purchase from firm i. Since
the consumer population has unit mass, Di(p;α) is equivalently the probability that a
representative consumer purchases from firm i. Firm i’s profit is

πi(pi, p−i;α, τ) =
(
(1− τ)pi − c

)
Di(p;α). (1)
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The platform has zero marginal cost and earns commission revenue

ΠP (α, τ ; p) = τ
n∑

i=1

piDi(p;α). (2)

Total welfare is defined as the sum of consumer surplus (net of search costs), firms’ profits,
and the platform’s profit. Because the commission is a transfer between firms and the
platform, total welfare equals expected gross consumption value minus production costs
and realized search costs.

The game proceeds as follows.

1. Platform commitment. The platform publicly commits to a commission rate τ
and a recommendation parameter α.

2. Firms’ pricing. After observing (α, τ), firms simultaneously choose prices, with
firm i choosing pi.

3. Search and purchase. For each consumer, match values (v1j, . . . , vnj) are realized.
The platform observes vj and p, applies the scoring rule, and recommends one
product. The consumer observes the recommended product and (vij, pi) and then
decides whether to (i) buy one of the products she has inspected so far, (ii) stop
without buying, or (iii) pay the search cost s to inspect another, randomly selected,
unseen product. After each additional inspection, the consumer can stop without
buying, buy any previously inspected product, or continue searching.

We study symmetric pure-strategy perfect Bayesian equilibria. Anticipating subse-
quent pricing and consumer behavior, the platform chooses (α, τ) to maximize its profit.
Given the platform policy, rivals’ strategies, and consumer behavior, each firm chooses
its price to maximize profit, while consumers choose search and purchase actions sequen-
tially optimally given their beliefs. On-path beliefs are Bayes-consistent. Following Zhou
(2014), after observing an off-equilibrium price, consumers continue to believe that un-
seen firms charge the equilibrium price; beliefs about unseen match values are determined
by F , the recommendation rule, and the observed history. Symmetry requires all firms
to use the same pricing strategy and hence to charge the same price on the equilibrium
path. As Section 3.1 shows, this restriction is consequential because it eliminates on-path
search.

2.1 Discussion

Linear scoring. The linear score vij−αpi provides a tractable reduced-form measure of
the price sensitivity of recommendations. This interpretation is not limited to determin-
istic linear rules. For a deterministic but nonlinear rule, α reflects the average marginal

5



price sensitivity in cases where a small price change can alter which product is recom-
mended. For a probabilistic rule, it reflects the expected local response of a product’s
recommendation probability to its price. The linear specification thus captures the local
pricing incentives generated by a broader class of recommendation algorithms, even if it
does not reproduce their behavior following large price changes.

The platform’s commitment power. The platform commits to its recommendation
rule and fee, (α, τ), before firms set prices, and this policy is common knowledge in the
pricing subgame. For the fee τ , this assumption is natural in markets where platforms
publicly post their fee schedules. By contrast, recommendation algorithms are more
complex and proprietary, and are typically not publicly observable. The assumption that
market participants know the relevant price sensitivity of recommendations can therefore
be viewed as a reduced-form representation of environments in which consumers and
sellers repeatedly interact with the platform and learn about its recommendation policy.

Search on the platform. Random sequential search is one way to model consumers’
ability to inspect products beyond the platform’s recommendation. For equilibrium pric-
ing, however, what matters is only that some friction prevents further inspection on the
symmetric equilibrium path and after sufficiently small observed price deviations. Local
pricing incentives therefore depend on how prices affect recommendation and purchase
probabilities, not on whether the friction arises from direct search costs, behavioral inat-
tention, or costly information acquisition.

3 Platform and Firm Behavior without Regulation

3.1 Consumer Search

In the final stage of the game, consumers observe the platform’s recommendation and
decide whether to purchase, search further, or take the outside option.

On the symmetric-equilibrium path, all firms charge the same price. Scores, therefore,
differ only by match values, so the platform recommends the product with the highest
match value. Conditional on observing this recommendation, a consumer cannot improve
upon it by searching, and thus does not search in equilibrium.

Lemma 1 (No Search on Path)
In any symmetric equilibrium, consumers do not search on the symmetric-equilibrium
path and purchase the recommended product if and only if its match value exceeds the
price.

Moreover, for every finite α, sufficiently small unilateral price deviations do not induce
search. Consider a deviation by firm i from p∗ to pi. If the firm is no longer recommended,
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the deviation is initially unobserved. If it remains recommended, then vij−αpi ≥ v`j−αp∗

for every unseen rival `, so v`j ≤ vij − α(pi − p∗). Hence the utility gain from inspecting
an unseen rival is at most (1− α)(pi − p∗), and therefore no more than |1− α| |pi − p∗|.
Since s > 0, this gain is smaller than the search cost for all pi sufficiently close to p∗.
Thus, search is inactive on and locally around the symmetric-equilibrium path, although
sufficiently large observed deviations may induce search.

3.2 Firms’ Pricing

Benchmark: Prohibitive Search Costs. We first consider the benchmark s = ∞, in
which consumers never inspect a product beyond the platform’s recommendation. Besides
being analytically tractable, this benchmark turns out to characterize the symmetric
equilibrium pricing for every strictly positive search cost.

In this benchmark, firm i’s demand, when its rivals charge p∗, is

D∞
i (pi, p

∗;α) =

∫ v̄

pi

F
(
v − αpi + αp∗

)n−1
f(v) dv. (3)

Demand equals the probability that (i) the consumer’s value for product i exceeds its
price, vij ≥ pi, and (ii) product i attains the highest recommendation score:

vij − αpi ≥ v`j − αp∗ for all ` 6= i.

Given (α, τ), firm i therefore solves

max
pi

(
(1− τ)pi − c

)
D∞

i (pi, p
∗;α).

Lemma 2 (Pricing with Prohibitive Search Costs)
Fix α ∈ [0,∞) and τ ∈ [0, 1), and suppose (1− τ)v̄ > c. Then:

(i) the pricing game with s = ∞ admits a symmetric equilibrium;

(ii) a price p∞ is a symmetric equilibrium price if and only if

p∞ − c

1− τ
=

1− F (p∞)n

n

1

F (p∞)n−1f(p∞) + α(n− 1)

∫ v̄

p∞
F (v)n−2f(v)2 dv

. (4)

The s = ∞ benchmark is tractable because consumers never inspect another product
after observing the recommendation. Under log-concavity, each firm has a unique best
response to every conjectured rival price. A price is therefore a symmetric equilibrium
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price if and only if it satisfies the symmetric first-order condition (4).3 At a symmetric
price p, the recommended product has the highest of the n match values. Aggregate
demand is therefore 1−F (p)n, the survival probability of the highest order statistic, and
each firm’s demand is

[
1 − F (p)n

]
/n. The first-order condition shows that the markup

p− c
1−τ

equals firm demand divided by the marginal demand loss from a unilateral price
increase. The term F (p)n−1f(p) captures the purchase margin: it is the density that firm
i’s match value equals p while all rival match values lie below p. The integral captures the
recommendation margin. Raising pi lowers firm i’s score and causes it to lose consumers
for whom its match value is close to the highest rival match value, whose density is
(n − 1)F (v)n−2f(v). Thus, the recommendation effect is governed by the gap between
the highest and second-highest match values. A larger α strengthens this effect, makes
demand more elastic, and compresses the equilibrium markup.

Finite search costs. Returning to s ∈ (0,∞), the pricing equilibria turn out to coin-
cide with those of the s = ∞ benchmark.

Proposition 1 (Pricing with Finite Search Costs)
Fix α ∈ [0,∞), s ∈ (0,∞), and τ ∈ [0, 1), and suppose (1− τ)v̄ > c. Then:

(i) a price p is a symmetric equilibrium price if and only if it is a symmetric equilibrium
price in the s = ∞ benchmark;

(ii) equivalently, p is a symmetric equilibrium price if and only if it satisfies (4);

(iii) a symmetric pricing equilibrium exists.

To see the first direction of the equivalence, consider a symmetric equilibrium price of
the s = ∞ benchmark. Local deviations yield the same payoff when s > 0, while larger
deviations yield a weakly lower payoff because consumers may inspect and purchase
another product. Hence, the price remains an equilibrium for every s > 0.

Conversely, every symmetric equilibrium price for s > 0 is an interior local maximizer
of the s = ∞ profit function, because sufficiently small deviations do not induce search.
Strict log-concavity of the benchmark profit then implies that it is a global maximizer.
Thus, the two environments have the same set of symmetric equilibrium prices.

Although equation (4) does not guarantee uniqueness in general, uniqueness can be
shown for the power distribution on [v, v̄] with shape parameter θ ≥ 1, whose CDF and
density are

F (v) =

(
v − v

v̄ − v

)θ

, f(v) =
θ

v̄ − v

(
v − v

v̄ − v

)θ−1

.

3Although each firm’s best response to a given rival’s price is unique, (4) may admit multiple solutions,
so the pricing game need not have a unique symmetric equilibrium price.
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Remark 1 (Uniqueness under the Power Distribution)
Suppose

c

1− τ
≥ v.

For the power distribution with shape parameter θ ≥ 1, the s = ∞ pricing game has a
unique symmetric equilibrium. Consequently, the pricing game has a unique symmetric
equilibrium price for every s ∈ (0,∞).

The pricing characterization (4) applies to finite α. When α = ∞, the platform
recommends the lowest-priced product following an asymmetric price deviation rather
than the maximizer of a finite-α score. The local argument above therefore does not
apply directly. Pricing, however, becomes Bertrand-like: the cheapest firm receives all
recommendations and thus has an incentive to undercut.

Lemma 3 (Pricing at α = ∞)
Fix τ ∈ [0, 1) such that

c

1− τ
< v̄,

and let α = ∞. Then:

(i) for every s ∈ (0,∞], there is a unique symmetric equilibrium price,

p∗ =
c

1− τ
;

(ii) any sequence of finite-α symmetric equilibrium prices pα converges to p∗ as α → ∞.

3.3 Platform’s Choice of α and τ

We first fix α and characterize the platform’s optimal commission before turning to the
joint decision of (α, τ).

Fixed recommendation rule. By Proposition 1, for finite α the equilibrium price
satisfies

p∗ − c

1− τ
= m(α, p∗), (5)

with m(α, p) defined by (4); at α = ∞, Lemma 3 implies zero downstream markup.
The decomposition makes the double-marginalization mechanism transparent. The com-
mission raises firms’ effective marginal cost above production cost, while firms add a
downstream markup. Recommendation design affects the second wedge: increasing α

makes demand more price-sensitive and compresses m(α, p). For the remainder of this
subsection, fix α < ∞ and write m(p) := m(α, p). Given the recommendation price
sensitivity α and commission rate τ , any symmetric equilibrium price p is pinned down
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by (5). Conversely, for any candidate price p with p −m(p) ≥ c, the markup condition
implies

p =
c

1− τ
+m(p) ⇐⇒ τ(p) = 1− c

p−m(p)
.

Therefore, the platform’s maximization problem, from (2), given a fixed α and the
symmetric pricing subgame, can be rewritten. Substituting τ(p), then for any price p
with p−m(p) ≥ c, the platform’s payoff can be written as

ΠP (p) = [p− c̃(p)] (1− F (p)n) , c̃(p) := c+
cm(p)

p−m(p)
. (6)

Lemma 4
For every α ≥ 0, an optimal commission exists.

Equation (6) is reminiscent of the standard monopoly problem: conditional on a cost
level x, a vertically integrated monopolist chooses p to maximize

(p− x)
(
1− F (p)n

)
.

The difference is that here the relevant cost term c̃(p) is itself endogenous and varies
with the induced price through the equilibrium markup function m(α, p). Accordingly,
for finite α the platform does not face a standard monopoly problem. Nevertheless, the
monopoly comparison can be useful.

Definition 1 (Vertically Integrated Monopoly Price)
For any x ∈ [0, v), define

pm(x) ∈ argmax
p∈[v,v̄]

(p− x)
(
1− F (p)n

)
.

That is, pm(x) is the common price chosen by a vertically integrated monopolist with
marginal cost x.

Under the maintained log-concavity assumptions, the monopoly problem has the fol-
lowing standard properties. For every x ∈ [0, v̄), pm(x) is uniquely defined, satisfies
pm(x) ∈ (x, v̄), and is strictly increasing in x. Moreover, p 7→ (p − x)(1 − F (p)n) is
strictly increasing on (x, pm(x)) and strictly decreasing on (pm(x), v̄). These properties
follow from standard log-concavity and are proven in Online Appendix OA.1.

Endogenous choice of α. When the platform can choose α, it internalizes the effect
of recommendation design on downstream competition and therefore on the size of the
surplus available for fee extraction. The next proposition shows that the platform pushes
the design of recommendations to the extreme.
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Proposition 2 (Unregulated Platform Choice)
The game admits a unique symmetric equilibrium outcome. In that equilibrium,

α∗ = ∞, p∗ = pm(c) =
c

1− τ ∗
, τ ∗ = 1− c

pm(c)
.

Recommendation design affects the extent of double marginalization by shaping the
price sensitivity of demand. When α is low, sellers retain market power and charge
positive markups, so the final price reflects both downstream market power and the
platform’s commission. Increasing α makes demand more price-sensitive and compresses
those markups. Hence, any finite α leaves firms with positive markups that the platform
can profitably eliminate. Proposition 2 shows that the platform therefore pushes recom-
mendation design to the extreme: it chooses α∗ = ∞, eliminates downstream markups,
and sets τ ∗ to replicate the vertically integrated monopoly price pm(c). Thus, double
marginalization is eliminated.

3.4 Comparative Statics in n

This subsection studies how entry affects markups and equilibrium prices. An increase in
the number of firms has two opposing effects. On the one hand, each firm faces more rivals,
which tends to intensify price competition and compress markups. On the other hand, a
larger product space allows the platform to recommend a better match on average, raising
consumers’ willingness to pay. This selection effect gives firms an incentive to raise prices
conditional on being recommended and, when the platform adjusts its fee, increases the
surplus the platform can extract through higher fees. To isolate these forces, the analysis
begins with a fixed platform fee, then allows the platform to adjust its fee.

Lemma 5 (Vanishing Markup)
Fix α > 0. For each n ≥ 2, let τn ∈ [0, 1) and let pn ∈ [c, v̄) satisfy

pn −
c

1− τn
= mn(α, pn).

Then
mn(α, pn) → 0 as n→ ∞.

Lemma 5 characterizes the large-n behavior of equilibrium markups. For any fixed
fee τ and any price-sensitive recommendation rule α > 0, the equilibrium markup con-
verges to zero as n → ∞. Intuitively, when rankings respond to prices, the gain from
undercutting becomes stronger as the number of competitors grows, so pricing becomes
increasingly competitive. By contrast, when firms do not compete on price through the
recommendation rule (α = 0), this effect is naturally absent. In that case, conditional on
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being selected, a firm prices as a monopolist. Since pm( c
1−τ

) → v̄ as n → ∞, the price
charged upon selection approaches v̄.

Lemma 5 is asymptotic and does not by itself determine how prices or markups
move for finite n. For moderate n, entry has two opposing effects: it intensifies price
competition, but it also improves the expected match quality of the recommended product
and thereby raises willingness to pay. The next proposition shows that when α ≥ 1, the
first force dominates for the markup function under an additional condition on F .

Proposition 3
Fix α ≥ 1. Suppose, in addition to the assumptions in Section 2, that f is absolutely
continuous and that f ′(v) ≥ 0 for a.e. v ∈ (v, v̄). For each n ≥ 2, let mn(p) := m(α, p)

denote the markup in (4) when there are n firms. Then, for every p < v̄,

mn+1(p) < mn(p).

Proposition 3 shows that entry lowers mn(p) pointwise. Thus, at any fixed final
price, the stronger competition generated by an additional rival dominates the increase
in willingness to pay resulting from better expected match quality.

The case α = 1 provides a useful special case. The platform then recommends the
product that maximizes consumers’ net utility, so the resulting purchase allocation is
the same as under full information despite the search friction. The proposition shows
that entry nevertheless compresses firms’ markups at any given price whenever recom-
mendations are at least as price-sensitive as under full information. For α > 1, the
recommendation rule places still greater weight on price, strengthening competition for
being recommended. By contrast, when α < 1, recommendations respond less strongly
to prices, and the improvement in expected match quality may offset the competitive
effect of entry.

The result remains pointwise: it does not by itself determine the induced equilibrium
price, nor does it incorporate the platform’s fee response. Proposition 4 therefore turns
to equilibrium outcomes and studies the asymptotic behavior of prices and consumer
surplus under fixed and endogenous platform fees.

Proposition 4 (Comparative Statics in n)
Fix α > 0. For each n ≥ 2, let pn be a symmetric equilibrium price and let CSn be the
corresponding consumer surplus.

(i) Fixed platform fee. Fix τ ∈ [0, 1) and assume (1− τ)v̄ > c. Then, as n→ ∞,

pn −→ c

1− τ
and CSn −→ v̄ − c

1− τ
.

(ii) Endogenous platform fee. Suppose the platform chooses τ optimally given α.
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Then, as n→ ∞,
pn −→ v̄ and CSn −→ 0.

Proposition 4 shows that the role of entry depends on whether the platform adjusts its
fee. If the platform keeps τ fixed, increased competition eventually drives seller markups
to zero, so the equilibrium price converges to the effective marginal-cost floor c/(1 − τ)

and consumer surplus converges to v̄−c/(1−τ). The selection effect discussed above still
operates for finite n: with more products, the platform can recommend a better match on
average, which raises willingness to pay, but not enough to overturn this limiting result.

By contrast, when the platform chooses τ optimally, the improvement in match quality
becomes a source of additional surplus extraction. As n grows, consumers’ willingness
to pay rises because the platform can select from a larger set of products; the platform
responds by increasing its fee, so the induced price converges to v̄ and consumer surplus
converges to zero.

Figure 1: Consumer Surplus as a Function of the Number of Firms

F ∼ U[0, 1], c = 0.1

Figure 1 illustrates these forces for F ∼ U [0, 1] and c = 0.1. When τ is fixed at the
platform-optimal τ for n = 2 and α > 0, consumer surplus rises with n in this example
as improved matching and markup compression dominate. With α = 0, entry does
not intensify competition for recommendations, so the gains are smaller and eventually
reverse. When the platform instead adjusts τ optimally, the initial consumer-surplus
gains are eventually offset by the endogenous fee response. For every α > 0, consumer
surplus consequently converges to zero.4

4This result is driven primarily by the platform’s fee-setting power as an intermediary. As more firms
participate, consumers can find better matches, but their surplus also becomes easier to predict and
extract through higher prices. A similar force is present even without recommendation design, when
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3.5 Alternative Monetization: Nominal Fees

Before turning to regulation, suppose that the platform charges a nominal per-transaction
fee t ≥ 0 instead of a commission. Firm i and the platform then earn

πN
i = (pi − c− t)Di(p;α), ΠN

P = t

n∑
i=1

Di(p;α).

For finite α, Proposition 1 applies with effective marginal cost c+t in place of c/(1−τ).
Hence every symmetric equilibrium price satisfies

p− c− t = m(α, p). (7)

When a platform policy supports multiple symmetric pricing equilibria, we select the
one that maximizes platform profit. This avoids making the fee-form comparison depend
on arbitrary equilibrium selection.5

Lemma 6 (Fee-Form Comparison for Finite α)
Fix α ∈ [0,∞).

(i) The platform’s maximal profit under commission pricing strictly exceeds its maximal
profit under nominal-fee pricing.

(ii) Suppose that

p 7−→ m(α, p)

p−m(α, p)

is weakly decreasing. Then, among platform-preferred equilibria, the highest equi-
librium price under commission pricing is weakly lower than the highest equilibrium
price under nominal-fee pricing.

The condition in part (ii) is satisfied, for example, under a constant absolute markup
m(α, p) or a constant proportional markup m(α, p)/p. It holds in particular if 0 ≤ α ≤ 1,
f is absolutely continuous and f ′ ≥ 0 a.e., or if F is the power distribution of Remark 1
with v = 0.

For finite α, firms retain a positive downstream markup. A commission allows the
platform to capture a share of this markup and therefore weakly raises its profit at
any price implementable under both fee instruments, echoing Shy and Wang (2011). By
partially internalizing the downstream markup, commissions also tend to mitigate double
marginalization and induce lower prices.

the platform only charges a commission and consumers have to search through products; see Online
Appendix OA.6.

5Equations (4) and (7) characterize the symmetric equilibrium prices under commissions and nominal
fees but need not determine a unique price for every platform policy. If several platform-preferred
equilibria remain, price comparisons use the highest equilibrium price. The selection rule is irrelevant
whenever the pricing subgame has a unique symmetric equilibrium.
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The monotonicity condition in part (ii) extends this intuition to endogenous markups:
it requires the relative markup m(α,p)

p−m(α,p)
to decrease with the induced price. The platform’s

gain from sharing in the downstream markup is then greatest at lower prices, reinforcing
the price-reducing effect of commissions. If the condition fails, the price ranking need not
hold.

When recommendation design is endogenous, the platform eliminates the downstream
markup under either fee instrument.

Proposition 5 (Optimal Nominal-Fee Policy)
If the platform chooses an unrestricted nominal fee t ≥ 0 and recommendation parameter
α, its unique optimal policy satisfies

α∗ = ∞, t∗ = pm(c)− c, p∗ = pm(c).

For a given t, equation (7) implies

p = c+ t+m(α, p) ≥ c+ t,

with equality at α = ∞. Since nominal-fee profit is t[1 − F (p)n], the platform chooses
α = ∞ to maximize transaction volume. It then solves

max
t≥0

t
[
1− F (c+ t)n

]
= max

p≥c
(p− c)

[
1− F (p)n

]
,

whose unique solution is pm(c).
Hence, fee form is irrelevant when both the fee and recommendation policy are unre-

stricted.

4 Regulation

Regulation breaks this equivalence because it constrains how the platform extracts surplus
while leaving recommendation design under its control. Motivated by platform-fee caps
that have been implemented or contemplated in several jurisdictions and markets, this
section compares caps on commission rates with caps on nominal per-transaction fees. It
also draws on Lemma 6 to evaluate a mandate to replace commissions with unrestricted
nominal fees.

4.1 Caps on Commissions

Suppose the platform faces a commission cap τ̄ ∈ (0, 1), so that τ ≤ τ̄ . Holding α fixed, a
tighter cap lowers firms’ effective marginal cost and therefore tends to reduce prices. Once
recommendation design is endogenous, however, the platform can respond by lowering α,
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thereby restoring seller markups. A commission cap therefore affects prices both directly
through the fee and indirectly through the platform’s recommendation policy.

Let
τ ∗ = 1− c

pm(c)

denote the unconstrained optimal commission from Proposition 2. The next result char-
acterizes the platform’s response when the cap binds.

Lemma 7 (Platform Pricing under a Commission Cap)
Suppose the platform chooses (α, τ) and faces a commission cap τ ≤ τ̄ .

If τ̄ < τ ∗, then the equilibrium price induced by an optimal platform choice is

p∗ = max

{
pm(0),

c

1− τ̄

}
.

When the cap binds, the platform can no longer raise profits by increasing τ . Since τ
is then fixed at τ̄ , the platform chooses the price that maximizes platform revenue

τ̄ p
(
1− F (p)n

)
,

or equivalently p(1−F (p)n), namely pm(0). If the cap is only moderately tight, however,
the platform may be unable to induce such a low price, because no equilibrium price
below c/(1− τ̄) is feasible. Define

τ ∗∗ = 1− c

pm(0)
,

that is, the commission rate at which the effective marginal cost c/(1 − τ) equals the
monopoly revenue-maximizing price pm(0).

There are therefore two regions. For τ ∗∗ < τ̄ < τ ∗, tightening the cap lowers the
induced price from the unregulated level pm(c) to c/(1 − τ̄). Once τ̄ ≤ τ ∗∗, the lower
bound c/(1 − τ̄) has reached pm(0), so the platform can already sustain its preferred
capped-regime price pm(0). Further tightening then leaves the induced price unchanged
and therefore has no additional effect on consumer surplus or total welfare; it only re-
allocates profits from the platform to firms. Figure 2 shows how the induced price and
recommendation policy vary with the commission cap.

Since a binding cap requires τ̄ < τ ∗, Lemma 7 implies p∗ ≤ pm(c). This price reduction
directly yields the following welfare ranking.

Corollary 1
Relative to the unregulated outcome, when the constraint τ ≤ τ̄ binds, total welfare,
consumer surplus, and firm profits weakly increase, while platform profit weakly decreases.
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Figure 2: Pricing and Recommendation Regimes under a Commission Cap

0

τ

τ ∗∗ τ ∗α <∞
τ = τ̄

p = pm(0)

α = ∞
τ = τ̄
p = c

1−τ̄

α = ∞
τ = τ ∗

p = pm(c)

The welfare gains from commission caps are limited by the endogenous adjustment of
recommendation design. Even under a tight cap, the lowest price the platform chooses
to induce is pm(0), the revenue-maximizing price under zero marginal cost. Figure 3
illustrates the corresponding effects on platform profit, firm profit, and consumer surplus.

For sufficiently high costs, c ≥ pm(0), the threshold τ ∗∗ does not belong to (0, 1).

Figure 3: Profits and Consumer Surplus as a Function of the Commission Cap τ̄

F ∼ U [0, 1], n = 5, and c = 0.2

4.2 Caps on Nominal Fees

Section 3.5 shows that replacing commissions with unrestricted nominal fees does not
change the unregulated outcome when recommendation design is endogenous. Now sup-
pose that the nominal per-transaction fee is capped:

t ≤ t̄.

For a given nominal fee t, the platform earns

t
[
1− F (p)n

]
.
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It therefore prefers the lowest price implementable at that fee. From (7),

p = c+ t+m(α, p) ≥ c+ t,

with equality at α = ∞. The platform therefore chooses α = ∞, induces p = c + t, and
solves

max
t≤t̄

t
[
1− F (c+ t)n

]
.

Unlike a capped commission, a capped nominal fee aligns the platform’s objective with
transaction volume rather than transaction value.

Lemma 8 (Nominal-Fee Caps Dominate Commission Caps)
If

c < pm(0) and 0 < t̄ < pm(0)− c,

then the equilibrium price under the nominal-fee cap is strictly lower than under any
commission cap τ̄ , and consumer surplus and total welfare are strictly higher. Moreover,
when pm(0) − c > t > v − c, lowering t̄ further strictly lowers the equilibrium price and
strictly raises consumer surplus and total welfare.

The condition t̄ < pm(0)− c implies that the nominal-fee cap binds and induces

p = c+ t̄ < pm(0).

By contrast, Lemma 7 implies that the platform never induces a price below pm(0) under a
commission cap. Hence, a sufficiently tight nominal-fee cap yields strictly higher consumer
surplus and total welfare. The following proposition summarizes the welfare implications
of Lemmas 6, 7, and 8.

Proposition 6 (Comparative Welfare of Regulatory Regimes)

(i) Relative to the unregulated commission outcome, a binding commission cap weakly
increases consumer surplus and total welfare;

(ii) for a fixed finite α, replacing commissions with unrestricted nominal fees can reduce
consumer surplus and total welfare;

(iii) if t̄ < pm(0)− c, a binding nominal-fee cap yields strictly higher consumer surplus
and total welfare than any commission cap.

The difference between the two caps reflects the platform’s residual objective. Under
a commission cap, platform revenue remains proportional to transaction value, so the
platform continues to benefit from high prices. Under a binding nominal-fee cap, revenue
per transaction is fixed, so the platform instead maximizes transaction volume. In the
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terminology of Teh (2022), proportional fees are seller-aligned, whereas capped nominal
fees are volume-aligned.

4.3 Restricted Algorithm Design under Fee Regulation

The analysis so far has assumed that the platform can fine-tune the price sensitivity of
its recommendation algorithm through a continuous choice of α. In practice, however,
recommendation systems may offer only a small number of coarse design options, for
example, ranking primarily by price or primarily by relevance rather than choosing an
arbitrary intermediate weight between the two. To capture this possibility, suppose the
platform can choose only between two regimes, α = 0 and α = ∞. In the absence of
regulation, Proposition 2 continues to apply: the platform chooses the price-only rule
and implements

(α, τ) = (∞, τ ∗).

Proposition 7
Suppose the platform is restricted to α ∈ {0,∞}. For every τ ∈ [0, 1) satisfying c/(1−τ) <
v̄, the pricing subgame admits a unique symmetric equilibrium for each α ∈ {0,∞}.
Moreover, in the platform stage, the unique optimal choice is

(α, τ) = (∞, τ ∗).

Under a binding cap on the commission rate, however, the inability to adjust α

smoothly makes the platform’s response discontinuous. The next result shows that,
when algorithm design is restricted, a tighter cap can induce a discrete switch from the
price-only rule to the match-value rule, raising prices and reducing consumer surplus and
welfare. Recall from Proposition 2 that

c

1− τ ∗
= pm(c).

Proposition 8 (Binary Algorithm Design)
Suppose α ∈ {0,∞} and τ̄ > 0. Then:

(i) If τ̄ > τ ∗, the cap is slack and (α, τ) = (∞, τ ∗).

(ii) If c < pm(0) and τ̄ ∈ [τ ∗∗, τ ∗], then (α, τ) = (∞, τ̄) and p = c/(1− τ̄).

(iii) If
pm(c)[1− F (pm(c))

n] > c[1− F (c)n],

there exists τ ∗∗∗ ∈ (0, τ ∗∗) such that α = 0 for every τ̄ ∈ (0, τ ∗∗∗).

Whenever α = 0 in equilibrium, p > pm(c) and both consumer surplus and total
welfare are strictly lower than in the unregulated outcome.
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A commission cap still creates an incentive to move toward less price-sensitive rec-
ommendations. When the platform can adjust α continuously, this response is smooth.
Under restricted algorithm design, however, the optimal intermediate adjustment may
be infeasible. The platform may then switch discretely to the match-value rule, leaving
firms with more market power and thereby increasing prices. In that case, fee regulation
can reduce both consumer surplus and total welfare.

5 Discussion and Extensions

The baseline model provides a sharp benchmark. When unconstrained, the platform
chooses a maximally price-sensitive recommendation rule (α∗ = ∞) to eliminate seller
markups and mitigate double marginalization, and then sets the commission rate to
implement the vertically integrated monopoly price. Binding commission caps on τ raise
consumer surplus and welfare in the benchmark, but the gains are attenuated because
the platform can adjust α in response.

The benchmark also clarifies what drives the platform’s strong incentive to make
recommendations as price-sensitive as possible: in the baseline environment, stronger
price sensitivity only helps by compressing downstream markups. In the extensions below,
however, that force is offset by two countervailing considerations. Greater price sensitivity
can weaken firms’ incentives to invest in quality and increase the risk that the platform
recommends an inferior product with a low purchase probability. Additional extensions
in the Online Appendix study endogenous firm entry, positive platform marginal costs,
and a benchmark without recommendation design; endogenous entry provides another
force limiting recommendation price sensitivity because firms must retain rents to cover
entry costs. Throughout this section, for every platform policy under consideration,
the relevant subgame played by firms is assumed to admit a unique interior symmetric
equilibrium. Moreover, this equilibrium is assumed to be the unique interior solution to
the corresponding symmetric first-order conditions.

5.1 Endogenous quality

Quality investment is one factor that limits the platform’s incentive to make highly price-
sensitive recommendations. If price sensitivity is too high and equilibrium markups be-
come too low, firms may no longer find it profitable to invest in product quality. The
platform, therefore, faces a trade-off between intensifying price competition and preserv-
ing investment incentives.

Set-up. Consider the baseline setting, but now each firm chooses both its price and
its product’s quality, (pi, qi). Consumer j’s valuation for firm i is vij + qi, and marginal
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cost is an increasing, convex function of quality, c(qi). The platform’s recommendation
algorithm incorporates quality through consumers’ valuations, so the scoring rule remains
a function of the quality-adjusted match value and price:

σij = vij + qi − αpi.

Assume that the market is not fully covered, i.e., p∗ − q∗ ≥ v. Given that all other firms
choose the symmetric pair (p∗, q∗), firm i’s profit is

Πi =
(
(1− τ)pi − c(qi)

) ∫ v̄

pi−qi

[
F (v + qi − q∗ − α(pi − p∗))

]n−1
f(v) dv. (8)

In a symmetric equilibrium (pi, qi) = (p∗, q∗), the first-order conditions for price and
quality imply that the common quality level q∗ must satisfy

c′(q∗) = (1− τ)

F (p∗ − q∗)n−1f(p∗ − q∗) +

∫ v̄

p∗−q∗
(n− 1)F (v)n−2f(v)2 dv

F (p∗ − q∗)n−1f(p∗ − q∗) + α

∫ v̄

p∗−q∗
(n− 1)F (v)n−2f(v)2 dv

. (9)

Equation (9) shows that two forces govern the firm’s choice of quality. If τ is large,
incentives to invest in quality are weak, because the firm captures only the smaller fraction
1 − τ of any price increase needed to recoup the higher cost. Furthermore, a higher α
reduces the incentive to invest, because any price increase associated with higher quality
is penalized more strongly in the recommendation score.

To illustrate this trade-off in a tractable finite-n environment, consider the case in
which vij ∼ U[0, 1] and quality costs are quadratic. In that environment, equilibrium
can be parameterized explicitly, and when quality investment is sufficiently cheap, the
platform strictly prefers not to make recommendations too price-sensitive: any profit-
maximizing policy satisfies α∗ ∈ [0, 1) and hence never chooses α > 1.

Proposition 9
Assume vij

iid∼ U[0, 1] and costs are quadratic, c(q) = k
2
q2 with k > 0. If k < n

3
, then any

profit-maximizing platform policy satisfies α∗ ∈ [0, 1).

The standard uniform-distribution example shows that when quality investment is
sufficiently cheap, the platform prefers to limit α so that firms retain sufficiently strong
incentives to invest in quality.6

6A cap on the commission rate can distort the platform’s joint choice of (α, τ). Simulations with a
uniform distribution for match values and polynomial quality costs suggest welfare need not be monotone
in the cap τ , while consumer surplus increases as the cap tightens.
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5.2 Vertical differentiation: an inferior product

A second force that can limit the platform’s incentive to make rankings highly price-
sensitive arises under vertical differentiation. Suppose the platform’s candidate set con-
tains a clearly inferior product. If the recommendation rule places too much weight on
price, the platform may rank this product highly simply because it is cheap, even though
no consumer would ever buy it. The platform, therefore, trades off markup compression
against the risk of misrecommendations.

Set-up. In addition to the n regular products, suppose the platform’s candidate set
contains one inferior product, denoted U (for ”useless”), with fixed price pU and match
value vU ≤ pU . We assume that consumers choose the outside option when indifferent
between purchasing and not purchasing. Hence U is never purchased. Economically,
product U captures a product that is irrelevant to the consumer, for example, because it is
misclassified and not actually relevant to the consumer’s search, but that can nevertheless
be ranked highly by the algorithm when it is sufficiently cheap, crowding out relevant
products.

The scoring rule is unchanged: regular product i receives score σij = vij − αpi, while
U has score σU = vU − αpU . Fix a symmetric regular-product price p and define the
associated U -cutoff

tU(α, pU , vU ; p) := vU + α(p− pU).

At price p, U outranks a regular product exactly when the regular product’s match value
is at most tU(α, pU , vU ; p).

Call a recommendation a misrecommendation if U is recommended even though at
least one regular product would yield strictly positive utility at price p and hence would
be purchased in the baseline model without U .

Lemma 9 (Misrecommendations)
Fix α ≥ 0 and (pU , vU) with vU ≤ pU . At a symmetric regular-product price p, misrecom-
mendations occur with positive probability if and only if

F (tU(α, pU , vU ; p)) > F (p),

where
tU(α, pU , vU ; p) = vU + α(p− pU).

In particular, when p ∈ [v, v̄), this condition is equivalent to

tU(α, pU , vU ; p) > p.

Lemma 9 identifies when the inferior product can distort the ranking. For prices
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p > pU , define the threshold
ᾱ(p) :=

p− vU
p− pU

. (10)

Then misrecommendations are impossible whenever α ≤ ᾱ(p). If, in addition, p ∈ [v, v̄),
misrecommendations occur with positive probability exactly when α > ᾱ(p). Since vU ≤
pU , the map ᾱ(·) is weakly decreasing on (pU ,∞).

The next lemma records two implications of this threshold for an optimal policy.

Lemma 10 (Endogenous Threshold and High-Priced Inferior Product)
Let (α∗, τ ∗) be an optimal design, and let p∗ denote the induced symmetric regular-product
price.

(i) If p∗ > pU , then
α∗ ≥ ᾱ(p∗) =

p∗ − vU
p∗ − pU

.

(ii) If pU > pm(c), then
α∗ = ∞.

As long as α ≤ ᾱ(p∗), the inferior product generates no misrecommendations and is
therefore irrelevant for equilibrium trade and pricing. In that region, the logic is the same
as in the baseline model: a higher α compresses seller markups and allows the platform
to raise its fee. Hence, the platform benefits from increasing α.

A genuine trade-off arises only once α exceeds ᾱ(p∗), so that misrecommendations
may occur. When pU < pm(c), the platform’s optimal choice of α therefore depends
on what happens after a misrecommendation of U . If search costs are high, consumers
do not search after a recommendation of U , so a misrecommendation destroys trade. If
search costs are low, a recommendation of U instead triggers search, and trade may still
occur. The platform is therefore more reluctant to induce misrecommendations when
search costs are high than when they are low. Technical details on demand, pricing, and
search are provided in Online Appendix OA.3.

High search costs. Suppose consumers do not search after a recommendation of U .
Then a misrecommendation destroys a sale that would otherwise occur under a regular
recommendation. The online appendix OA.3.3 derives the corresponding pricing con-
dition and shows that, relative to the baseline model without U , the markup term is
weakly lower, with strict inequality whenever the inferior product can crowd out a pur-
chasable regular product. This is because product U still competes with other firms for
recommendations, thereby exerting competitive pressure on the seller’s margin.

The possibility of a lost sale when equilibrium prices and α are high disciplines both
the induced price and the platform’s choice of α. The next proposition shows that the risk

23



of lost sales can overturn the platform’s incentive to make recommendations maximally
price-sensitive.

Proposition 10 (High Search Costs)
Suppose consumers do not search after a recommendation of U .

(i) If pU < c, then any optimal design (α∗, τ ∗) satisfies

α∗ <∞.

(ii) If pU = 0 and vU = 0, then in any optimal design (α∗, τ ∗) we have

α∗ = 1.

High search costs make recommending U particularly costly for the platform: if U
is recommended, trade is lost rather than merely delayed by consumer search. The
platform, therefore, faces a trade-off. A higher α compresses downstream markups but
also increases the risk that an inferior product is recommended and crowds out a relevant
one.

Part (i) identifies a parameter region in which this force is strong enough to imply
a finite optimal recommendation weight. If product U is so cheap that pU < c, then
under α = ∞ it is always the cheapest available option whenever a regular product could
be sold, so a recommendation of U destroys trade. In that region, the platform strictly
prefers some finite α.

More generally, a low pU makes high values of α costly because they increase the
risk that U crowds out relevant products. Outside pU < c, however, α also changes
equilibrium prices and hence the region in which misrecommendations occur, preventing
a simple general characterization.

Part (ii) pins down the optimum in the benchmark case pU = vU = 0. Then ᾱ(p∗) = 1,
so increasing α beyond 1 can only raise the risk that U crowds out relevant products. Since
a recommendation of U destroys the sale in the high-search-cost regime, the platform
optimally chooses the smallest α that eliminates the underlying ranking distortion.

Online Appendix OA.3.3.2 provides an asymptotic refinement for general (pU , vU):
as n → ∞, the platform’s optimal price sensitivity converges to the limiting threshold
ᾱ∞(pU , vU). Intuitively, once downstream markups vanish, there is no longer any gain
from making recommendations more price-sensitive if doing so increases the risk of a
wrong recommendation and a lost sale.

Low search costs. Now suppose search costs are low, so that a recommendation of U
triggers consumer search with positive probability. Then misrecommendations need not
destroy trade: they induce search, and the consumer may still buy a regular product.
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If a regular product is recommended, the consumer follows the recommendation, and
search cannot improve on the top-ranked regular product. If instead U is recommended,
the consumer faces a standard sequential search problem as in Wolinsky (1986), charac-
terized by a reservation value x̂(α, s, p∗) under the posterior induced by observing U .7

When search is nearly costless, exhausting the search pool becomes nearly optimal,
so the consumer’s final choice approaches the full-information rule argmaxi{vij − pi}.
Thus, for small s, a misrecommendation triggers search rather than eliminating trade.
The next proposition makes this point transparent by considering pU = vU = 0.

Proposition 11
Let vU = pU = 0. Then there exists s̄ > 0 such that for all s ∈ (0, s̄), every platform-
optimal choice α∗(s) satisfies

α∗(s) > 1.

When search is cheap, consumers endogenously split into two groups. A follower
receives a regular recommendation and buys without searching; conditional on being a
follower, a higher α strengthens competition and compresses markups. A searcher receives
a recommendation of U , rejects it, and starts searching. As s ↓ 0, searchers behave as if
they compare products using v−p, that is, as if the relevant price weight were 1 regardless
of the platform’s α.

Increasing α therefore has two opposing effects. On the one hand, it raises the price
sensitivity of demand within the follower group. On the other hand, it increases the
probability of a misrecommendation and shifts consumers from followers to searchers.
This composition effect can make an interior α optimal: a larger α intensifies competition
among followers, but simultaneously creates more searchers whose behavior is effectively
pinned down by the v − p comparison. Thus, when search is cheap, the platform may
optimally tolerate some misrecommendations because they trigger search rather than
destroy trade.

To summarize, the vertical-differentiation extension highlights two forces shaping rec-
ommendation design: greater price sensitivity compresses seller markups, but it also raises
the risk that cheap inferior products crowd out relevant alternatives. How the platform
balances these forces depends on search costs. Richer models of vertical differentiation
may introduce additional forces. In particular, limiting α can allow a more expensive
product to remain competitive for recommendations rather than being mechanically dis-
placed by a cheaper alternative. This may itself strengthen competition and compress

7Conditional on U being recommended, Bayes’ rule pins down the posterior distribution of unseen
regular-product values, FU ; see Online Appendix Section OA.3.2.2. By consistency, unseen regular prod-
ucts are still conjectured to be priced at p∗. Hence, the search problem after observing U is well defined.
Whenever U is recommended with positive probability, sequential rationality requires the consumer’s
search behavior after observing U , and after each subsequent search outcome that can arise from it, to
coincide with the optimal search rule. Outcomes not generated under that behavior are irrelevant to the
characterization below.
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markups, while also giving the platform greater scope to steer consumers toward higher-
priced products. The overall effect of recommendation price sensitivity on competition
and platform incentives is therefore presumably ambiguous once vertical differentiation
is sufficiently rich.

6 Conclusion

This paper studies how platform fees and recommendation design interact. In the model,
the platform uses its recommendation rule to shape the intensity of competition among
sellers and then monetizes the resulting transactions through fees. In the unconstrained
benchmark, the platform makes recommendations that are maximally price-sensitive to
compress seller markups and mitigate double marginalization. Consumers, however, do
not fully benefit from this stronger downstream competition because the platform adjusts
its commission rate so that final prices coincide with those of an integrated monopolist.

This interaction also shapes the effects of regulation. A cap on the commission rate
directly limits one channel of surplus extraction by the platform, but it also changes the
platform’s incentive to use recommendation design to discipline seller markups. Its effect,
therefore, depends not only on the direct reduction in the fee but also on the platform’s
adjustment of the recommendation rule. In this sense, the analysis echoes a standard
second-best logic: when regulation constrains only one margin of a multi-instrument
environment, its effects depend on how the remaining margins adjust in equilibrium.

The form of platform monetization is therefore important. At the unconstrained
optimum, commission rates and nominal per-transaction fees can yield the same outcome
when the platform is free to choose fees and recommendation design. Under regulation,
however, the two fee instruments create different incentives. When the commission rate is
capped, the platform continues to benefit from high transaction prices. It can therefore
respond by making recommendations less price-sensitive, relaxing competition among
sellers, and attenuating the cap’s gains in consumer surplus. By contrast, when a nominal
per-transaction fee is capped, the platform’s objective shifts toward expanding transaction
volume rather than sustaining high transaction prices. In the model, this aligns the design
of recommendations more closely with consumer welfare than a cap on the commission
rate alone.

The model focuses on platform-mediated search among horizontally differentiated
sellers in order to isolate how fee regulation interacts with recommendation design. This
leaves several aspects for future work. The analysis abstracts from off-platform channels
and data sharing. The vertical-differentiation extension studies a stylized environment in
which recommendation design trades off markup compression against the risk that a cheap
inferior product crowds out relevant alternatives and, under high search costs, prevents
trade altogether. Richer models of vertical differentiation may introduce additional forces,
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including the platform’s incentive to steer consumers toward more expensive products and
changes in which products effectively compete for recommendations. Moreover, the focus
on ex-ante symmetric sellers and symmetric equilibria abstracts from richer forms of seller
heterogeneity and the search behavior they may induce.
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A.1 Deferred Proofs of Sections 3 and 4

A.1.1 Proofs of Section 3

Proof of Lemma 2. The proof proceeds in three steps. First, for every conjectured rivals’
price, the pricing problem under s = ∞ has a unique interior best response. Second,
continuity of the best-response function and Brouwer’s fixed-point theorem establish the
existence of a symmetric equilibrium. Third, interiority and strict log-concavity yield the
equilibrium characterization.

Let
p :=

c

1− τ
, P := [p, v̄].

A price below p yields a negative margin whenever a sale occurs, whereas p yields zero
profit. Prices above v̄ yield zero demand. It is therefore without loss to restrict prices to
P .

For a given rivals’ price p∗ ∈ P , firm i chooses p to maximize

Π∞
i (p, p∗) =

(
(1− τ)p− c

)
q(p | p∗),

where
q(p | p∗) :=

∫ v̄

p

F (v − αp+ αp∗)n−1f(v) dv.

Step 1: Best responses. For fixed p∗, define

φ(v, p) := 1{v≥p}F (v − αp+ αp∗)n−1f(v).

Because f is log-concave, its CDF F is log-concave on its support. Consequently,

F (v − αp+ αp∗)n−1

is log-concave in (v, p). The indicator of the convex set {(v, p) : v ≥ p} is log-concave in
the extended-value sense. Hence φ is log-concave in (v, p), and Prékopa’s theorem implies
that q(· | p∗) is log-concave.

On the region where the margin and demand are strictly positive,

log Π∞
i (p, p∗) = log

(
(1− τ)p− c

)
+ log q(p | p∗).

The first term is strictly concave in p, while the second is concave. Therefore, Π∞
i (·, p∗)

has at most one maximizer.
At the boundaries,

Π∞
i (p, p∗) = Π∞

i (v̄, p∗) = 0.
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Since p < v̄, one can choose p ∈ (p, v̄) sufficiently close to p that the margin and demand
are both strictly positive. Thus, the unique maximizer lies in the interior of P . Denote
it by BR(p∗).

The objective is continuous in (p, p∗), and P is compact, so a maximizer exists. Be-
cause the maximizer is unique, Berge’s maximum theorem implies that BR(·) is contin-
uous.

Step 2: Existence. The function

BR : P −→ P

is continuous, and P is nonempty, compact, and convex. Brouwer’s fixed-point theorem
therefore gives a price p∞ ∈ P such that

BR(p∞) = p∞.

Hence, the pricing game under s = ∞ admits a symmetric equilibrium.

Step 3: Characterization. An equilibrium price is interior and therefore satisfies

0 =
∂Π∞

i

∂pi
(pi, p

∗)

∣∣∣∣
pi=p∗=p

= (1− τ)q(pi | p∗) +
(
(1− τ)pi − c

) ∂q
∂pi

(pi | p∗)
∣∣∣∣
pi=p∗=p

.

By Leibniz’s rule,

∂q

∂pi
(pi | p∗) = − F

(
(1− α)pi + αp∗

)n−1
f(pi)

− α(n− 1)

∫ v̄

pi

F (v − αpi + αp∗)n−2f(v − αpi + αp∗)f(v) dv.

At symmetry,

q(p | p) =
∫ v̄

p

F (v)n−1f(v) dv =
1− F (p)n

n
,

and
∂q

∂pi
(p | p) = −F (p)n−1f(p)− α(n− 1)

∫ v̄

p

F (v)n−2f(v)2 dv.

Substitution into the first-order condition gives

(1− τ)
1− F (p)n

n
=

(
(1− τ)p− c

) [
F (p)n−1f(p) + α(n− 1)

∫ v̄

p

F (v)n−2f(v)2 dv

]
,
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which is equivalent to (4).
Conversely, suppose that p satisfies (4). It then satisfies the symmetric first-order

condition. By the strict log-concavity established in Step 1, this condition is sufficient
for p to be the unique best response to itself. Hence BR(p) = p, and p is a symmetric
equilibrium price.

Proof of Proposition 1. Let p∞ be a symmetric equilibrium price under s = ∞. By
Lemma 2, p∞ is interior and yields strictly positive profit. Hence, a deviation to

pi <
c

1− τ

cannot be profitable, since it yields nonpositive profit.
It remains to consider a unilateral deviation to

pi ≥
c

1− τ

when all rivals charge p∞. Firm i’s demand with a finite search cost is weakly lower than
its demand under s = ∞:

Di(pi, p
∞) ≤ D∞

i (pi, p
∞).

To see this, first suppose that another firm is recommended. The consumer then observes
a product charging the conjectured equilibrium price and, under her equilibrium beliefs,
does not initiate search. Firm i therefore makes no sale. If firm i is recommended,
subsequent search can only cause the consumer to purchase another product or not to
purchase; it cannot increase firm i’s purchase probability relative to the case in which no
further product can be inspected.

At the symmetric price, consumers do not search, and hence

Di(p
∞, p∞) = D∞

i (p∞, p∞).

Because p∞ is optimal under s = ∞,(
(1− τ)p∞ − c

)
Di(p

∞, p∞)

=
(
(1− τ)p∞ − c

)
D∞

i (p∞, p∞)

≥
(
(1− τ)pi − c

)
D∞

i (pi, p
∞)

≥
(
(1− τ)pi − c

)
Di(pi, p

∞).

Thus, every symmetric equilibrium price under s = ∞ remains a symmetric equilibrium
price for every s > 0. Together with Lemma 2(i), this also proves existence.

Conversely, let p∗ be a symmetric equilibrium price for some s > 0. By Lemma 1,
there exists ∆̄ > 0 such that consumers do not search following any observed deviation
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satisfying
|pi − p∗| ≤ ∆̄.

Consequently, in a neighborhood of p∗, firm i’s profit coincides with its profit under
s = ∞. Since p∗ is an equilibrium price for s > 0, it is therefore a local maximizer of the
s = ∞ profit function.

The equilibrium price is interior. If p∗ < c
1−τ

, on-path demand is positive and profit
is negative, whereas a price above v̄ yields zero profit. If p∗ = c

1−τ
, a sufficiently small

upward deviation does not induce search and yields positive profit. Finally, if p∗ ≥ v̄,
profit is zero, whereas an interior price yields positive profit: firm i is recommended and
purchased on the positive-measure event that its match value is sufficiently high and its
rivals’ match values are sufficiently low. Hence,

p∗ ∈
(

c

1− τ
, v̄

)
.

The first-order condition therefore holds at p∗, so p∗ satisfies (4). By Lemma 2(ii), it is
a symmetric equilibrium price under s = ∞.

Hence, the finite-s pricing game and the s = ∞ benchmark have the same set of
symmetric equilibrium prices, and these prices are precisely the solutions to (4).

Proof of Remark 1. For θ ≥ 1, the power density is log-concave. Hence Lemma 2 and
Proposition 1 imply that both the s = ∞ benchmark and original pricing games admit a
symmetric equilibrium, and that every symmetric equilibrium price satisfies (4). Thus it
suffices to show that, under the power distribution, (4) has at most one solution. Let

p :=
c

1− τ
, L := v̄ − v, x :=

p− v

L
.

Since every equilibrium price satisfies

p > p =
c

1− τ
≥ v

and p < v̄, we have x ∈ (0, 1).
Under the power distribution,

F (p) = xθ and f(p) =
θ

L
xθ−1.

Also let
γ := θn− 1, A := α

(n− 1)θ2

γ
, B := θ − A.
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Then F (p)n = xγ+1, F (p)n−1f(p) = θ
L
xγ, and, with y = (v − v)/L,∫ v̄

p

F (v)n−2f(v)2 dv =
θ2

L

∫ 1

x

yθn−2 dy =
θ2

Lγ
(1− xγ).

Hence the denominator in (4) equals 1
L
(A+Bxγ), so (4) becomes

p− p = L
1− xγ+1

n(A+Bxγ)
.

Dividing by p− v = Lx gives

H(x) :=
1− xγ+1

nx(A+Bxγ)
= 1−

p− v

p− v
.

The right-hand side is weakly increasing in p, hence in x. Therefore it remains to show
that H is strictly decreasing on (0, 1].

A direct calculation yields

H ′(x) =
U(x)

x2(A+Bxγ)2
, n U(x) = −A

(
1 + γxγ+1

)
− (γ + 1)Bxγ.

If B ≥ 0, then U(x) < 0 for all x ∈ (0, 1], so H ′(x) < 0.
Now consider B < 0. Since B = θ − A, this is equivalent to A > θ, and hence

0 < −B
A

=
A− θ

A
< 1.

Define t := −B/A ∈ (0, 1). The point of this definition is simply that it rewrites the
B-term in units of A: since B = −At, the expression can be written as

nU(x) = −Ah(x), h(x) := 1− (γ + 1)txγ + γxγ+1.

Thus it suffices to show that h(x) > 0 on (0, 1]. But

h′(x) = γ(γ + 1)xγ−1(x− t),

so h is strictly decreasing on (0, t) and strictly increasing on (t, 1]. Hence its unique
minimum is attained at x = t, where

h(t) = 1− tγ+1 > 0.

Therefore h(x) > 0 for all x ∈ (0, 1], so U(x) < 0 and again H ′(x) < 0.
Thus H is strictly decreasing on (0, 1], while the right-hand side above is weakly

increasing. Therefore (4) has at most one solution. Since a symmetric equilibrium ex-
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ists and (4) has at most one solution, the s = ∞ benchmark has a unique symmetric
equilibrium price. Proposition 1 extends uniqueness to every s > 0.

Proof of Lemma 3. The price c
1−τ

is a symmetric equilibrium: a deviation to some pi <
c

1−τ
yields a negative margin on every sale, while a deviation to some pi > c

1−τ
yields

zero demand, since under α = ∞ the deviating product is never recommended, so the
deviation is unobserved and consumers follow the equilibrium strategy.

It remains to rule out any other symmetric equilibrium price. If p < c
1−τ

, then every
firm makes losses on every sale, so p cannot be an equilibrium. If p ≥ v̄, a deviation to
any q ∈ ( c

1−τ
, v̄) yields positive demand at a positive margin. Hence consider p ∈ ( c

1−τ
, v̄).

Because search is costly and utilities have bounded support, there exists a cutoff

ũ(p, s) ∈ [0, v̄ − p)

such that a consumer whose current utility is strictly above ũ(p, s) buys immediately
rather than searching. Choose γ > 0 such that ũ(p, s) + γ < v̄ − p, and define

Bi(γ) :=
{
vi − p > ũ(p, s) + γ, max

j 6=i
(vj − p, 0) > vi − p

}
.

By full support, Pr(Bi(γ)) =: κ > 0.
Under the symmetric price p, consumers in Bi(γ) buy a rival, not firm i: all firms

charge the same price, some rival yields strictly higher utility, and on the symmetric path
there is no search. If firm i deviates to p− ε, where 0 < ε < min{γ, p− c

1−τ
}, then firm i

becomes uniquely cheapest and is recommended to every consumer. For every consumer
in Bi(γ), vi−p+ε > ũ(p, s), so the consumer buys immediately and does not search. Thus
the deviation creates an additional demand mass of at least κ, uniformly for all sufficiently
small ε > 0. Furthermore, every consumer who bought from firm i at the symmetric price
p still buys from firm i after the deviation, since firm i’s utility strictly increases while
all rivals remain at price p. The margin loss is of order ε from undercutting, while the
demand increase is bounded away from zero, so for ε sufficiently small the deviation is
profitable. Therefore no symmetric price p > c

1−τ
can be an equilibrium.

This proves part (i). For part (ii), let αk → ∞ and let pk be any sequence of finite-αk

symmetric equilibrium prices. By Proposition 1, each pk satisfies (4), so

pk −
c

1− τ
=

1− F (pk)
n

n
(
F (pk)n−1f(pk) + αk(n− 1)

∫ v̄

pk
F (v)n−2f(v)2 dv

) .
Since the right-hand side is nonnegative, pk ≥ c

1−τ
. Moreover, by the interiority of

equilibrium prices established in the proof of Proposition 1, pk < v̄. Thus pk ∈
[

c
1−τ

, v̄
)
.

Since [ c
1−τ

, v̄] is compact, it suffices to show that every convergent subsequence of (pk)
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has limit c
1−τ

. Let pk → p̂ ∈ [ c
1−τ

, v̄] along a subsequence.
If p̂ < v̄, then

∫ v̄

p̂
F (v)n−2f(v)2 dv > 0, so by continuity there is η > 0 such that∫ v̄

pk
F (v)n−2f(v)2 dv ≥ η for all large k. Hence

0 ≤ pk −
c

1− τ
≤ 1

nαk(n− 1)η
→ 0,

so p̂ = c
1−τ

.
If instead p̂ = v̄, then dropping the αk-term in the denominator gives

0 ≤ pk −
c

1− τ
≤ 1− F (pk)

n

nF (pk)n−1f(pk)
=

1 + F (pk) + · · ·+ F (pk)
n−1

nF (pk)n−1
· 1− F (pk)

f(pk)
.

The first factor tends to 1 as pk ↑ v̄. It is claimed that

1− F (v)

f(v)
→ 0 as v ↑ v̄.

Suppose not. Since (1 − F )/f is decreasing and finite at every interior point, it cannot
converge to +∞. Hence there exists L > 0 such that

1− F (v)

f(v)
→ L as v ↑ v̄.

Then, for all v sufficiently close to v̄, f(v)
1−F (v)

≤ 2
L

.
Using d

dv
log(1− F (v)) = − f(v)

1−F (v)
, it follows that d

dv
log(1− F (v)) ≥ − 2

L

for all such v. Fix v0 < v̄ sufficiently close to v̄. Integrating from v0 to v < v̄ gives

log(1− F (v))− log(1− F (v0)) ≥ − 2

L
(v − v0),

so
1− F (v) ≥ (1− F (v0))e

−2(v−v0)/L.

Letting v ↑ v̄ yields

1− F (v̄−) ≥ (1− F (v0))e
−2(v̄−v0)/L > 0,

contradicting 1− F (v̄) = 0. Thus (1− F (v))/f(v) → 0 as v ↑ v̄.
Hence again pk − c

1−τ
→ 0, so p̂ = c

1−τ
.

Thus every convergent subsequence of (pk) converges to c
1−τ

, and therefore pk →
c

1−τ
.

Proof of Lemma 4. By Proposition 1 for α < ∞ and Lemma 3 for α = ∞, for every
positive admissible commission τ ∈ (0, 1) satisfying (1 − τ)v̄ > c, the pricing subgame
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admits a symmetric equilibrium price p ∈
[

c
1−τ

, v̄
)

satisfying p − c
1−τ

= m(α, p), where
the markup at α = ∞ is understood to be zero.

Hence, the set of prices induced by admissible commissions is nonempty. Its closure
in [c, v̄] is compact. By (6), the platform objective

ΠP (p) =

[
p− c− cm(α, p)

p−m(α, p)

] (
1− F (p)n

)
extends continuously to this closure and therefore attains a maximum there. By conti-
nuity of m(α, ·), any price added by taking the closure corresponds to either τ = 0 or
the no-trade boundary (1 − τ)v̄ = c, and yields zero platform profit. Since the positive
admissible commission yields strictly positive profit, the maximum is attained at a price
induced by an admissible commission.

Proof of Proposition 2. The proof proceeds in two steps. First, any symmetric equilib-
rium is shown to satisfy α∗ = ∞. Second, the corresponding equilibrium price and
commission are characterized.

Suppose, toward a contradiction, that there is a symmetric equilibrium with some
finite α1 < ∞ and commission rate τ1 ∈ [0, 1), inducing the symmetric price p1. Nec-
essarily, c

1−τ1
< v̄. Otherwise there is no trade and platform profit is zero, whereas a

deviation to α = ∞ and any τ̂ ∈ (0, 1 − c/v̄) yields strictly positive profit by Lemma 3.
Proposition 1 therefore applies, giving

p1 −
c

1− τ1
= m(α1, p1).

Since p1 < v̄, both the numerator and denominator in the definition of m are strictly
positive, so m(α1, p1) > 0 and hence p1 > c

1−τ1
.

Now choose τ2 ∈ (0, 1) so that

c

1− τ2
= p1. (A.11)

Because p1 > c
1−τ1

, it follows that τ2 > τ1. Consider the platform deviation to (α2, τ2) =

(∞, τ2).
If α = ∞, the unique symmetric equilibrium price is p = c

1−τ
by Lemma 3. At

a symmetric price vector, rankings depend only on match values, so the recommended
product and total quantity sold are unchanged. Thus demand remains 1−F (p1)

n, while
platform revenue per sale rises from τ1p1 to τ2p1. Since τ2 > τ1, platform profit strictly
increases, contradicting the equilibrium.

Therefore, every symmetric equilibrium must have α∗ = ∞. Given α = ∞, the unique
symmetric equilibrium price in the pricing subgame is p = c

1−τ
. The platform therefore

chooses τ to maximize τp(1 − F (p)n) subject to p = c
1−τ

, or equivalently chooses p to
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maximize (p − c)(1 − F (p)n). By Definition 1 and the properties of pm, this problem
has the unique solution pm(c). The corresponding commission is uniquely determined by
pm(c) =

c
1−τ∗

, that is,
τ ∗ = 1− c

pm(c)
.

Hence, in the unique symmetric equilibrium outcome,

α∗ = ∞, p∗ = pm(c), τ ∗ = 1− c

pm(c)
.

Existence follows from this construction, and uniqueness follows from the uniqueness of
the platform optimum and of the symmetric pricing equilibrium for each τ .

Proof of Lemma 5. Suppose, toward a contradiction, that mn(α, pn) 6→ 0. Then there
exist η > 0 and a subsequence, still indexed by n, such that mn(α, pn) ≥ η for all n.
Passing to a further subsequence if necessary, assume that

1− F (pn)
n → q ∈ [0, 1].

By the pricing condition and (4),

mn(α, pn) =
1− F (pn)

n

n
[
F (pn)n−1f(pn) + α(n− 1)

∫ v̄

pn
F (v)n−2f(v)2 dv

] .
Since f is log-concave, the proof of Lemma 3 shows that f/(1 − F ) is increasing and
1−F (p)
f(p)

→ 0 as p ↑ v̄. Two cases are considered.

Case 1: q < 1. Then F (pn)
n → 1 − q > 0. In particular, F (pn) → 1, and therefore

pn → v̄. Moreover,

mn(α, pn) ≤
1− F (pn)

n

nF (pn)n−1f(pn)
=

1 + F (pn) + · · ·+ F (pn)
n−1

nF (pn)n−1
· 1− F (pn)

f(pn)
.

Since F (pn)
n → 1 − q > 0 and F (pn) → 1, also F (pn)

n−1 = F (pn)n

F (pn)
→ 1 − q > 0,

so the first factor is bounded. The second factor converges to 0 because pn → v̄ and
(1− F (pn))/f(pn) → 0. Hence mn(α, pn) → 0, a contradiction.

Case 2: q = 1. Then F (pn)n → 0, so the numerator converges to 1. It therefore suffices
to show that the denominator diverges.

For each n, let yn ∈ [v, v̄) satisfy F (yn) = 1− 1
n
.

Then yn ↑ v̄. Since (1 − 1/n)n → e−1 > 0 while F (pn)n → 0, it follows that for all
large n, F (pn) < 1− 1

n
, and hence pn ≤ yn.
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Because f/(1− F ) is increasing, for every v ≥ yn,

f(v) ≥ f(yn)

1− F (yn)
(1− F (v)).

Therefore ∫ v̄

pn

F (v)n−2f(v)2 dv ≥ f(yn)

1− F (yn)

∫ v̄

yn

F (v)n−2(1− F (v))f(v) dv.

Multiplying by n(n− 1) and using the change of variable u = F (v) gives

n(n− 1)

∫ v̄

pn

F (v)n−2f(v)2 dv ≥ f(yn)

1− F (yn)
cn,

where cn := n(n− 1)
∫ 1

1−1/n
un−2(1− u) du. Notice that

cn = 1− n
(
1− 1

n

)n−1

+ (n− 1)
(
1− 1

n

)n

−→ 1− 2

e
> 0.

Hence cn is eventually bounded below by some constant κ > 0, and thus

nα(n− 1)

∫ v̄

pn

F (v)n−2f(v)2 dv ≥ ακ
f(yn)

1− F (yn)
.

Since yn ↑ v̄ and (1− F (yn))/f(yn) → 0, the right-hand side diverges to +∞. Therefore
the denominator in the expression for mn(α, pn) tends to +∞, while the numerator tends
to 1. Hence mn(α, pn) → 0, again a contradiction.

Both cases lead to a contradiction, establishing mn(α, pn) → 0 as n→ ∞.

Proof of Proposition 3. For fixed α ≥ 1, the markup can be written as

mn(p) =
1− F (p)n

n dn(p)
,

where
dn(p) := F (p)n−1f(p) + α(n− 1)

∫ v̄

p

F (v)n−2f(v)2 dv.

First suppose that 0 < F (p) < 1. After integration by parts,

dn(p) = αbn(p) + (1− α)f(p)F (p)n−1, bn(p) := f(v̄)−
∫ v̄

p

f ′(v)F (v)n−1 dv.

It will be shown that dn is increasing and that (1− F (p)n)/n is decreasing in n.
Fix x := F (p) ∈ (0, 1) and define an := 1−xn

n
. Consider the extension to the real
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numbers a(t) := (1− xt)/t for t > 0. Its derivative is

a′(t) =
xt − 1− txt log x

t2
.

Let y := − log x > 0, so xt = e−ty. Then

e−ty − 1 + ty e−ty = e−ty(1 + ty)− 1 < 0,

because ety > 1 + ty for all ty > 0. Hence a′(t) < 0 for all t > 0, and therefore an+1 < an

for all integers n ≥ 1.
Further,

bn+1(p)− bn(p) = −
∫ v̄

p

f ′(v)
(
F (v)n − F (v)n−1

)
dv

=

∫ v̄

p

f ′(v)F (v)n−1(1− F (v)) dv ≥ 0,

where the inequality uses f ′(v) ≥ 0 a.e. and F (v)n−1(1− F (v)) ≥ 0. Moreover,

(1− α)
(
F (p)n − F (p)n−1

)
= (α− 1)F (p)n−1(1− F (p)) ≥ 0.

Hence

dn+1(p)− dn(p) = α
(
bn+1(p)− bn(p)

)
+ (1− α)f(p)

(
F (p)n − F (p)n−1

)
≥ 0.

Moreover, dn(p) > 0.
Since an+1 < an and dn+1(p) ≥ dn(p) > 0,

mn+1(p)

mn(p)
=
an+1

an
· dn(p)

dn+1(p)
< 1 · 1 = 1,

so mn+1(p) < mn(p) for all n ≥ 2.
If F (p) = 0, then an = 1/n is strictly decreasing in n, while the same integration-by-

parts argument, applied from v to v̄, gives dn+1(p) ≥ dn(p) > 0; hence mn+1(p) < mn(p).

Proof of Proposition 4. By Lemma 1, there is no search in a symmetric equilibrium.
Hence, if the common price is pn, the platform recommends the product with the highest
match value, and the consumer buys iff that value exceeds pn. Therefore

CSn =

∫ v̄

pn

(1− F (v)n) dv.
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For part (ii), fix α > 0. For each n ≥ 2, let τn be an optimal platform fee, let pn be
an induced symmetric equilibrium price, and define xn := c

1−τn
. Then

pn − xn = mn(α, pn),

where mn(α, ·) denotes the markup function with n firms. The proof of Lemma 5 uses
only that the sequence of prices satisfies the symmetric pricing condition, so the same
argument applies here. Hence pn − xn → 0.

Fix any δ ∈ (0, v̄−c) and define τ δ := 1− c
v̄−δ

. Let p̃δn denote a symmetric equilibrium
price induced by (α, τ δ). Then

p̃δn −
c

1− τ δ
= mn(α, p̃

δ
n),

and therefore, again by Lemma 5,

p̃δn → c

1− τ δ
= v̄ − δ.

Since p̃δn → v̄ − δ < v̄, for all large n one has p̃δn ≤ v̄ − δ/2, and thus

F (p̃δn)
n ≤ F (v̄ − δ/2)n → 0.

It follows that the platform profit under the feasible fee τ δ satisfies

Π̃δ
n = τ δp̃δn

(
1− F (p̃δn)

n
)
→ v̄ − δ − c.

Since τn is optimal, Πn ≥ Π̃δ
n. On the other hand,

Πn = τnpn
(
1− F (pn)

n
)
≤ τnpn ≤ pn − c,

because (1− τn)pn ≥ c. Hence pn − c ≥ Πn ≥ Π̃δ
n, so taking limits yields

lim inf
n→∞

pn ≥ v̄ − δ.

Since δ > 0 is arbitrary and pn ≤ v̄, it follows that pn → v̄. Using 0 ≤ 1−F (v)n ≤ 1, we
obtain

0 ≤ CSn ≤
∫ v̄

pn

1 dv = v̄ − pn,

and therefore CSn → 0.
For part (i), let p0 := c

1−τ
. By Lemma 5, pn − p0 → 0, and thus pn → c

1−τ
.
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Since F (v) = 0 for v < v, we can rewrite

CSn =
(
v − pn

)
+
+

∫ v̄

v

1{v ≥ pn}
(
1− F (v)n

)
dv.

Define

fn(v) := 1{v ≥ pn}
(
1− F (v)n

)
, f(v) := 1{v ≥ p0}, g(v) := 1.

Then 0 ≤ fn(v) ≤ g(v) for all n and all v, and g is integrable on [v, v̄]. Moreover, since
pn → p0, 1{v ≥ pn} → 1{v ≥ p0} for every v 6= p0. For every fixed v < v̄, F (v)n → 0,
so 1 − F (v)n → 1. Hence fn(v) → f(v) for almost every v ∈ [v, v̄]. By the dominated
convergence theorem,∫ v̄

v

fn(v) dv −→
∫ v̄

v

f(v) dv = v̄ −max

{
v,

c

1− τ

}
.

Also,
(
v − pn

)
+
→

(
v − p0

)
+

. Therefore

CSn −→
(
v − p0

)
+
+ v̄ −max{v, p0} = v̄ − p0 = v̄ − c

1− τ
.

Proof of Lemma 6. Suppose α < ∞ and write m(p) := m(α, p). Under nominal-fee
pricing firm i solves maxpi (pi−c−t)Di(p;α), so the pricing game in the s = ∞ benchmark
is exactly the same as in Lemma 2 with effective cost c+ t in place of c/(1− τ). Hence,
whenever c + t < v̄, the same arguments as in Lemma 2 and Proposition 1 imply that
the original pricing game admits a positive-trade symmetric equilibrium, and every such
equilibrium price satisfies p− (c + t) = m(p), that is, p = c + t +m(p). For finite α, fix
any commission rate τ ∈ [0, 1) and define t(τ) := cτ

1−τ
. Then, for every price profile p and

every firm i,

(
(1− τ)pi − c

)
Di(p;α) = (1− τ)

(
pi − c− t(τ)

)
Di(p;α).

Hence the pricing subgame under commission pricing with fee τ is strategically equivalent
to the pricing subgame under nominal-fee pricing with fee t(τ): firms’ payoffs differ only
by the positive multiplicative constant (1−τ). Therefore, the two subgames have the same
best-response correspondences and, in particular, the same set of symmetric equilibrium
prices. Since the map τ 7→ t(τ) = cτ

1−τ
is a bijection from [0, 1) to [0,∞), the two regimes

generate the same family of pricing subgames up to this reparametrization.
Let S(α) denote the common set of supportable positive-trade symmetric equilibrium

prices under the two regimes. By the argument above, this set is common to both
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regimes and is nonempty. Let S(α) denote its closure in [c, v̄]. Then S(α) is nonempty
and compact.

Accordingly, any p ∈ S(α) satisfies, under nominal-fee pricing,

p = c+ t+m(p),

whereas under commission pricing any symmetric equilibrium price satisfies

p =
c

1− τ
+m(p).

Hence, writing platform profit as a function of the induced equilibrium price p,

ΠN(p) =
(
p− c−m(p)

)(
1− F (p)n

)
under nominal fees, and

ΠC(p) =

[
p− c− cm(p)

p−m(p)

] (
1− F (p)n

)
under commissions.

Thus, at the same induced price p,

ΠC(p)− ΠN(p) =
m(p)

(
p− c−m(p)

)
p−m(p)

(
1− F (p)n

)
≥ 0.

This proves weak dominance of commission pricing. The functions ΠN and ΠC extend
continuously from S(α) to S(α). By the same boundary argument as in Lemma 4, every
point in S(α) \ S(α) corresponds to the no-trade boundary and yields zero profit under
both fee regimes. On the other hand, choosing some t > 0 with c + t < v̄, and the
corresponding commission τ = t/(c + t) > 0, yields strictly positive profit under both
regimes. Therefore, both objectives attain their maxima over the compact set S(α) at
prices in S(α). Hence both objectives also attain their maxima over S(α). Let

pN ∈ arg max
p∈S(α)

ΠN(p)

be any induced equilibrium price that attains the platform’s maximal profit under nominal-
fee pricing. Under nominal-fee pricing the platform can induce strictly positive profit by
choosing some t > 0 with c+ t < v̄, so profits are positive. In particular, 1−F (pN)

n > 0

and pN − c−m(pN) > 0. It follows that:

ΠC(pN)− ΠN(pN) > 0.
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This proves part (i).
It remains to prove part (ii). Let

EN(α) := arg max
p∈S(α)

ΠN(p), EC(α) := arg max
p∈S(α)

ΠC(p).

By the preceding boundary argument, these sets are nonempty and coincide with the
corresponding argmax sets over S(α). Since the extended profit functions are continuous
and S(α) is compact, EN(α) and EC(α) are compact. In particular,

pmax
N := max EN(α), pmax

C := max EC(α)

are well defined.
Suppose that p 7→ m(p)

p−m(p)
is weakly decreasing. Take any p ∈ S(α) with p > pmax

N .
Since

EN(α) = arg max
q∈S(α)

ΠN(q)

and pmax
N = max EN(α), such a p does not belong to EN(α). Hence p does not maximize

ΠN on S(α), whereas pmax
N does. Therefore

ΠN(p) < ΠN(pmax
N ).

Moreover,
1 +

m(p)

p−m(p)
≤ 1 +

m(pmax
N )

pmax
N −m(pmax

N )
.

Since
ΠC(p) =

(
1 +

m(p)

p−m(p)

)
ΠN(p),

it follows that

ΠC(p) <

(
1 +

m(pmax
N )

pmax
N −m(pmax

N )

)
ΠN(pmax

N ) = ΠC(pmax
N ).

Hence no price in S(α) strictly above pmax
N can maximize ΠC on S(α). Therefore no

platform-preferred equilibrium price strictly above pmax
N can arise under commission pric-

ing, and
pmax
C ≤ pmax

N .

It remains to verify the two sufficient conditions. First, suppose 0 ≤ α ≤ 1, f is
absolutely continuous on [v, v̄], and f ′(v) ≥ 0 for a.e. v ∈ (v, v̄). Writing

m(p) =
N(p)

D(p)
, N(p) :=

1− F (p)n

n
, D(p) := F (p)n−1f(p)+α(n−1)

∫ v̄

p

F (v)n−2f(v)2 dv,
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one has, for a.e. p ∈ (v, v̄), N ′(p) = −F (p)n−1f(p) < 0 and

D′(p) = F (p)n−1f ′(p) + (1− α)(n− 1)F (p)n−2f(p)2 ≥ 0.

Hence, for a.e. p ∈ (v, v̄),

m′(p) =
N ′(p)D(p)−N(p)D′(p)

D(p)2
≤ 0.

On the relevant domain, where p−m(p) > 0, the function p 7→ m(p)/(p−m(p)) is locally
absolutely continuous and, for a.e. p,(

m(p)

p−m(p)

)′

=
pm′(p)−m(p)

(p−m(p))2
< 0,

because m(p) > 0 for every finite α and p < v̄. The same conclusion is immediate below
v, where m(p) is constant for α > 0, while no such price is supportable for α = 0. It
follows that p 7→ m(p)/(p−m(p)) is strictly decreasing.

Second, consider the power distribution of Remark 1 with v = 0. In the proof of
Remark 1, after the change of variables x = p/v̄, the function

H(x) =
1− xγ+1

nx(A+Bxγ)

is shown to be strictly decreasing for every α ≥ 0. Under v = 0, this is exactly m(p)/p.
Since

m(p)

p−m(p)
=

m(p)/p

1−m(p)/p
,

and x 7→ x/(1−x) is strictly increasing on [0, 1), it follows that p 7→ m(p)
p−m(p)

is also strictly
decreasing. This proves part (ii).

Proof of Proposition 5. The argument follows the same double-deviation logic as Propo-
sition 2. Consider a policy with finite α and nominal fee t that induces price p =

c + t +m(α, p). The platform can instead choose α′ = ∞ and t′ = t +m(α, p) = p − c.
This leaves the equilibrium price, and hence transaction volume, unchanged, while strictly
increasing the platform’s fee per transaction. Thus, no optimal policy can have finite α.

At α = ∞, the equilibrium price is p = c + t, so the platform chooses t to maximize
t[1 − F (c + t)n], equivalently choosing p to maximize (p − c)[1 − F (p)n]. The unique
solution is p∗ = pm(c) and t∗ = pm(c)− c.
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A.1.2 Deferred Proofs for Section 4

Proof of Lemma 7. Suppose τ̄ < τ ∗. Fix a feasible τ ≤ τ̄ . A price p is supportable in a
symmetric equilibrium for some α ≥ 0 if and only if p − c

1−τ
= m(α, p). Since, for fixed

p < v̄, the map α 7→ m(α, p) is continuous and strictly decreasing, with limα→∞m(α, p) =

0 and m(0, p) = 1−F (p)n

nF (p)n−1f(p)
, the supportable prices are exactly those satisfying

0 ≤ p− c

1− τ
≤ 1− F (p)n

nF (p)n−1f(p)
.

The right-hand inequality is equivalent to the derivative of x 7→
(
x− c

1−τ

)
(1 − F (x)n)

being nonnegative at x = p. By the properties of pm, this objective is single-peaked with
unique maximizer pm

(
c

1−τ

)
. Hence, the supportable prices are exactly[

c

1− τ
, pm

(
c

1− τ

)]
.

The cap must bind. Suppose instead that an optimal policy satisfies τ < τ̄ and
induces price p.

If p > c
1−τ

, choose τ ′ ∈ (τ, τ̄ ] sufficiently close to τ . Then c
1−τ ′

< p, and since
p ≤ pm

(
c

1−τ

)
and pm is strictly increasing, also p < pm

(
c

1−τ ′

)
. Thus p remains supportable

under τ ′. By the platform-preferred selection rule, the induced profit under some such
policy is at least τ ′p(1− F (p)n) > τp(1− F (p)n), a contradiction.

If instead p = c
1−τ

, then necessarily α = ∞ by Lemma 3. Since τ̄ < τ ∗ = 1 − c
pm(c)

,
one has c

1−τ
< pm(c). Hence q 7→ (q − c)(1 − F (q)n) is strictly increasing at q = c

1−τ
,

so increasing τ slightly while keeping α = ∞ strictly raises platform profit, again a
contradiction.

Therefore every optimum satisfies τ = τ̄ .
Fix now τ = τ̄ . The supportable prices are[

c

1− τ̄
, pm

(
c

1− τ̄

)]
.

Since the platform-preferred equilibrium is selected, the platform solves

max
p∈

[
c

1−τ̄
, pm

(
c

1−τ̄

)] τ̄ p(1− F (p)n).

Equivalently, it maximizes p(1 − F (p)n) over that interval. By the standard monopoly
price properties stated after Definition 1, this objective is single-peaked with unique
maximizer pm(0). Hence the optimal price is pm(0) if pm(0) ≥ c

1−τ̄
, and otherwise the

lower boundary c
1−τ̄

.
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Thus
p∗ = max

{
pm(0),

c

1− τ̄

}
.

Proof of Lemma 8. For any commission cap τ̄ , let pτ denote the platform-preferred equi-
librium price under that regime. Then pτ ≥ pm(0). If τ̄ ≥ τ ∗, this follows from
pτ = pm(c) > pm(0) by Proposition 2 and the standard monopoly price properties stated
after Definition 1. If τ̄ < τ ∗, then by Lemma 7,

pτ = max

{
pm(0),

c

1− τ̄

}
≥ pm(0).

Under a nominal-fee cap t̄, platform profit is

ΠP = t[1− F (p)n],

so for a given t the platform weakly prefers the lowest induced equilibrium price. Under
nominal-fee pricing, every symmetric equilibrium price satisfies

p = c+ t+m(α, p) ≥ c+ t.

Since transaction volume is weakly decreasing in p, platform profit cannot exceed

t[1− F (c+ t)n],

and this bound is attained at α = ∞, which induces the unique pricing equilibrium
p = c + t. If c + t < v, other values of α may also be optimal, because any price at or
below v generates unit transaction volume.

The platform therefore solves

max
t≤t̄

t[1− F (c+ t)n],

or equivalently
max
p−c≤t̄

(p− c)[1− F (p)n].

By Definition 1, the unconstrained maximizer is pm(c), so the unconstrained optimal
nominal fee is pm(c)− c. Since pm(c) > pm(0) by the standard monopoly price properties
stated after Definition 1, the assumption t̄ < pm(0)− c implies that the cap binds. Thus
every optimal policy sets t = t̄. If c + t̄ ≥ v, then α = ∞ is uniquely optimal and
pt = c+ t̄. If c+ t̄ < v, any optimal policy must induce pt ≤ v. Because n ≥ 2, pm(0) > v,
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and thus, in either case
pt < pm(0) ≤ pτ .

Hence every equilibrium price induced by an optimal policy under the nominal-fee cap is
strictly lower than the platform-preferred equilibrium price under any commission cap τ̄ .

Finally, by Lemma 1, there is no search under either regime, and at a common price
the recommended product has the highest match value. Because pt < pτ , pt > c, and
pτ ≥ pm(0) > v, the lower nominal-fee price serves a strictly larger set of consumers whose
match values exceed production cost. Consumer surplus and total welfare are therefore
strictly higher under the nominal-fee cap than under the platform-preferred equilibrium
under any commission cap τ̄ .

Moreover, when c + t̄ > v, the preceding argument gives pt = c + t̄. Hence lowering
t̄, while remaining in this region, strictly lowers the equilibrium price. Since consumer
surplus and total welfare are strictly decreasing in p for p > max{c, v}, it strictly raises
both.

Proof of Proposition 7. First, fix τ ∈ [0, 1) such that c/(1− τ) < v̄, and characterize the
symmetric equilibrium of the pricing subgame for each α ∈ {0,∞}.

If α = 0, then by Proposition 1 any symmetric equilibrium price satisfies (4) with
α = 0, i.e.

p− c

1− τ
=

1− F (p)n

nF (p)n−1f(p)
.

This is exactly the first-order condition for maximizing (p− c
1−τ

)(1− F (p)n). By Defini-
tion 1 and the properties of pm, the unique solution is p = pm

(
c

1−τ

)
.

If α = ∞, the unique symmetric equilibrium price is p = c
1−τ

by Lemma 3.
Thus, for each α ∈ {0,∞}, the pricing subgame admits a unique symmetric equilib-

rium.
Turn now to the platform stage. If c/(1−τ) ≥ v̄, every symmetric pricing equilibrium

has zero trade and hence gives the platform zero profit. Such a policy cannot be optimal,
since the platform obtains strictly positive profit by choosing α = ∞ and a sufficiently
small positive commission. Take any policy (α, τ) = (0, τ) with c/(1 − τ) < v̄. The in-
duced symmetric equilibrium price is then p0 = pm(c/(1−τ)). By the standard monopoly
price properties stated after Definition 1, pm(x) > x, so p0 > c

1−τ
. Define τ̃ := 1− c

p0
> τ .

If the platform instead chooses (α, τ) = (∞, τ̃), the induced symmetric equilibrium price
is again p0, since under α = ∞ it follows that p = c

1−τ̃
= p0. Quantity sold is therefore

unchanged, while the commission rate is strictly higher. Hence, platform profit is strictly
higher. Therefore, no policy with α = 0 can be optimal.

It follows that any optimal platform policy must have α = ∞. Given α = ∞, the
induced price is p = c

1−τ
, so the platform chooses p to maximize (p − c)(1 − F (p)n).

By Definition 1 and the properties of pm, the unique maximizer is pm(c), which implies

47



the unique optimal fee τ ∗ = 1 − c
pm(c)

. Hence the unique optimal platform choice is
(α, τ) = (∞, τ ∗).

Proof of Proposition 8. Part (i) follows from Proposition 7. If τ̄ > τ ∗, the cap is slack,
so the platform implements the unregulated outcome (α, τ) = (∞, τ ∗).

Part (ii) follows from Proposition 7 and Lemma 7. At τ̄ = τ ∗, the claim follows from
Proposition 7. If c < pm(0) and τ̄ ∈ [τ ∗∗, τ ∗), Lemma 7 implies that the cap binds and
that the optimal price is p = c

1−τ̄
≥ pm(0), with equality at τ̄ = τ ∗∗. This lower-bound

price requires zero markup and hence α = ∞.
Now suppose

pm(c)
(
1− F (pm(c))

n
)
> c

(
1− F (c)n

)
.

By the standard monopoly price properties stated after Definition 1 the function p 7→
p(1 − F (p)n) has the unique maximizer pm(0), and pm(c) > c. Hence this condition
implies c < pm(0): if instead c ≥ pm(0), then single-peakedness together with pm(c) > c

would imply
pm(c)

(
1− F (pm(c))

n
)
≤ c

(
1− F (c)n

)
,

a contradiction. In particular, τ ∗∗ exists.
Now consider τ̄ ≤ τ ∗∗. Under α = ∞ and fee τ , the induced price is p = c/(1− τ) by

Lemma 3, so platform profit is

Π∞(τ) = τ
c

1− τ

(
1− F

(
c

1− τ

)n)
=

(
c

1− τ
− c

)(
1− F

(
c

1− τ

)n)
.

By the standard monopoly price properties stated after Definition 1, the function p 7→
(p − c)(1 − F (p)n) has the unique maximizer pm(c), and pm(c) > pm(0). Since τ ≤ τ ∗∗

implies c/(1− τ) ≤ pm(0) < pm(c), it follows that Π∞(τ) is strictly increasing on [0, τ ∗∗].
Therefore, conditional on α = ∞, the platform optimally sets τ = τ̄ .

Under α = 0 and fee τ , firms set p = pm
(

c
1−τ

)
, so platform profit is

Π0(τ) = τ pm

(
c

1− τ

)(
1− F

(
pm

(
c

1− τ

))n)
.

Hence, a sufficient condition for the platform to prefer α = 0 is that Π0(τ̄) ≥ Π∞(τ̄), i.e.

pm

(
c

1− τ̄

)(
1− F

(
pm

(
c

1− τ̄

))n)
≥ c

1− τ̄

(
1− F

(
c

1− τ̄

)n)
.

At τ̄ = 0, the difference between the two sides is strictly positive by assumption. Since
pm is continuous, the difference is continuous in τ̄ and therefore remains positive for all
sufficiently small positive caps. Hence, shrinking this neighborhood if necessary, there
exists τ ∗∗∗ ∈ (0, τ ∗∗) such that for every τ̄ ∈ (0, τ ∗∗∗) the platform prefers α = 0.
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Finally, whenever the platform chooses α = 0, its chosen fee satisfies τ > 0 (otherwise
the platform profit is zero). The induced price is therefore p = pm

(
c

1−τ

)
> pm(c) by the

properties of pm. By Proposition 7, the unregulated outcome is (α, τ) = (∞, τ ∗), and by
Proposition 2 it induces the price pm(c). In the symmetric equilibrium, the recommended
product is still the highest-match product, so relative to the unregulated outcome the
only change is the higher purchase threshold. Therefore, both consumer surplus and total
welfare are strictly lower than in the unregulated outcome.
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Online Appendix

This online appendix contains auxiliary results and omitted proofs. Section OA.1 verifies
the standard properties of the monopoly price used throughout the paper. Section OA.2
contains the proof and an additional result for the endogenous-quality extension in Sec-
tion 5.1. Section OA.3 provides the omitted proofs, auxiliary derivations, and an addi-
tional large-market result for the inferior-product extension in Section 5.2. The remain-
ing sections study additional aspects: endogenous firm entry, positive platform marginal
costs, and a benchmark without recommendation design.

OA.1 Properties of the Monopoly Price

Lemma 11 (Properties of the Monopoly Price)
Suppose f is log-concave on (v, v̄). For every x < v̄, define

pm(x) ∈ argmax
p∈[v,v̄]

(p− x)
(
1− F (p)n

)
.

Then:

(i) pm(x) is uniquely defined and satisfies pm(x) ∈ (x, v̄).

(ii) The function p 7→ (p−x)
(
1−F (p)n

)
is strictly increasing on (x, pm(x)) and strictly

decreasing on (pm(x), v̄).

(iii) pm(x) is strictly increasing in x.

Proof. Fix x < v̄. Since (p − x)
(
1 − F (p)n

)
≤ 0 for p ≤ x, equals 0 at p = v̄, and is

strictly positive for p > x sufficiently close to x, any maximizer lies in (x, v̄).
Next, f is log-concave by assumption, and it is standard that F is log-concave on

(v, v̄). Hence
v 7→ nF (v)n−1f(v)

is log-concave on (v, v̄), as the product of log-concave functions. Therefore

(v, p) 7→ 1{v ≥ p}nF (v)n−1f(v)

is log-concave on the convex set {(v, p) : v ≥ p}. By Prékopa’s theorem,

p 7→
∫ v̄

p

nF (v)n−1f(v) dv = 1− F (p)n

is log-concave on (v, v̄).
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It follows that on (x, v̄),

log
(
(p− x)

(
1− F (p)n

))
= log(p− x) + log

(
1− F (p)n

)
is strictly concave, since log(p − x) is strictly concave and log(1 − F (p)n) is concave.
Hence

p 7→ (p− x)
(
1− F (p)n

)
is strictly log-concave on (x, v̄) and therefore has a unique maximizer. This proves part
(i).

Because the objective is strictly log-concave on (x, v̄) and has a unique maximizer, it
is single-peaked. Hence it is strictly increasing on (x, pm(x)) and strictly decreasing on
(pm(x), v̄). This proves part (ii).

For part (iii), let x2 > x1. Then

(p− x2)
(
1− F (p)n

)
− (p− x1)

(
1− F (p)n

)
= −(x2 − x1)

(
1− F (p)n

)
,

which is strictly increasing in p, because 1 − F (p)n is strictly decreasing. Thus the
objective has strictly increasing differences in (p, x), so the unique maximizer is weakly
increasing in x.

To show strictness, suppose instead that pm(x2) = pm(x1) =: p. By part (i), this
common maximizer lies in (x2, v̄) and therefore satisfies the first-order condition

1− F (p)n − (p− xj)nF (p)
n−1f(p) = 0, j = 1, 2.

Subtracting the two equations gives

(x2 − x1)nF (p)
n−1f(p) = 0,

a contradiction, since x2 > x1 and f(p) > 0 on the interior of the support. Therefore
pm(x2) > pm(x1).

OA.2 Endogenous Quality: Proofs and Additional
Results

OA.2.1 Deferred Proofs

Proof of Proposition 9. First, for fixed net price x, platform profit is shown to be strictly
decreasing in ψ := xn−1 +α(1− xn−1) on [1,∞). This fact is then used to show that any
policy with α ≥ 1 admits a profitable deviation, and hence cannot be optimal.
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Let (α, τ) be a profit-maximizing platform policy and let (p, q) be an associated sym-
metric equilibrium. Set x := p− q. Using the notation

I =

∫ 1

x

F (v)n−1f(v) dv, A = F (x)n−1f(x), B =

∫ 1

x

(n− 1)F (v)n−2f(v)2 dv,

and M = (1− τ)p− c(q), the symmetric first-order conditions are

(1− τ)I =M(A+ αB), c′(q)I =M(A+B).

Under F (v) = v on [0, 1], so f ≡ 1, I = ∆n(x) :=
∫ 1

x
vn−1 dv = (1− xn)/n, A = xn−1,

and B = 1− xn−1. Hence A+B = 1 and

A+ αB = xn−1 + α(1− xn−1) =: ψ.

The corner cases x = 1 and q = 0 are ruled out first. If x = 1, then ∆n(1) = 0, so
there is no trade and platform profit is zero. This cannot be optimal, since the platform
can attain strictly positive profit under a feasible policy with positive trade.

Next suppose x < 1 but q = 0. Since q ≥ 0 is a constraint, the firm’s quality choice
must satisfy the KKT condition ∂Πi/∂qi|q=0 ≤ 0, where the derivative is computed from
the unconstrained profit function. In the uniform case,

∂Πi

∂qi

∣∣∣∣
q=0

= −c′(0)∆n(x) +M(A+B) =M,

because c′(0) = 0 and A + B = 1. Thus M ≤ 0. But c(0) = 0 and τ < 1 imply
M = (1 − τ)p ≥ 0, hence M = 0 and therefore p = 0. Platform profit is then ΠP =

τp(1 − xn) = 0, again a contradiction. Therefore any profit-maximizing policy induces
an equilibrium with x < 1 and q > 0.

Dividing the two first-order conditions gives

1− τ = c′(q)ψ. (OA.12)

With quadratic costs c(q) = k
2
q2, c′(q) = kq and c(q)/c′(q) = q/2. Using p = x + q and

M = (1− τ)(x+ q)− c(q) together with (OA.12), one obtains

ψ(x+ q)− q

2
= ∆n(x). (OA.13)

For ψ > 1
2
, rearranging (OA.13) gives

q
(
ψ − 1

2

)
= ∆n(x)− ψx,
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and hence
q(ψ, x) =

∆n(x)− ψx

ψ − 1
2

. (OA.14)

Moreover, (OA.12) implies 1− τ(ψ, x) = k q(ψ, x)ψ, so platform profit per consumer can
be written as

ΠP (ψ, x) = τ(ψ, x)
(
x+ q(ψ, x)

)
(1− xn), τ(ψ, x) = 1− k q(ψ, x)ψ. (OA.15)

A direct differentiation of (OA.15) using (OA.14) yields, for ψ > 1
2
,

∂ΠP

∂ψ
(ψ, x) = −

2 (xn − 1)
(
nx+ 2xn − 2

)
n2(2ψ − 1)3

G(ψ, x), (OA.16)

where G(ψ, x) := 2knψx+ 2kψxn − 2kψ + kxn − k + 2nψ − n.
Now consider ψ ≥ 1, which is equivalent to α ≥ 1. Since x < 1, xn − 1 < 0 and

2ψ− 1 > 0. If x = 0, then nx+2xn − 2 = −2 < 0. If instead x ∈ (0, 1), then q(ψ, x) > 0

and (OA.14) imply ∆n(x) > ψx ≥ x, or equivalently

H1(x) := nx+ xn − 1 < 0.

Since nx+2xn − 2 = H1(x)+ (xn − 1) and both terms on the right-hand side are strictly
negative, one obtains nx + 2xn − 2 < 0. Therefore the prefactor in (OA.16) is strictly
negative for every x ∈ [0, 1) and every ψ ≥ 1 satisfying q(ψ, x) > 0, so

sign

(
∂ΠP

∂ψ
(ψ, x)

)
= − signG(ψ, x).

It remains to show that G(ψ, x) > 0 on this region. Write

G(ψ, x) = G(1, x) + 2
(
n+ kH1(x)

)
(ψ − 1),

where G(1, x) = n+ k sn(x) and sn(x) := 2nx+ 3xn − 3. Since s′n(x) = 2n+ 3nxn−1 > 0

and sn(0) = −3, one has sn(x) ≥ −3 for all x ∈ [0, 1]. Therefore G(1, x) = n+ k sn(x) ≥
n − 3k > 0 whenever k < n

3
. Also, H1(0) = −1 and H1 is strictly increasing, so

H1(x) ∈ [−1, 0) on this region. Hence n + kH1(x) ≥ n − k > 0. Thus G(ψ, x) is
strictly increasing in ψ, and so G(ψ, x) ≥ G(1, x) > 0 on this region. It follows from
(OA.16) that

∂ΠP

∂ψ
(ψ, x) < 0 whenever ψ ≥ 1, x ∈ [0, 1), and q(ψ, x) > 0.

Suppose now, toward a contradiction, that some profit-maximizing policy has α ≥ 1.
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Let (p, q) be an associated equilibrium and write x := p− q. Since x < 1, one has

ψ = xn−1 + α(1− xn−1) ≥ 1.

By the previous display,
∂ΠP

∂ψ
(ψ, x) < 0.

Hence, for sufficiently small ε > 0,

ΠP (ψ − ε, x) > ΠP (ψ, x).

Choose ε > 0 small enough that simultaneously

ΠP (ψ − ε, x) > ΠP (ψ, x), q(ψ − ε, x) > 0, τ(ψ − ε, x) ∈ (0, 1),

and
ψ − ε ≥ xn−1.

This is possible because the original equilibrium has q(ψ, x) > 0, the original policy yields
strictly positive platform profit and hence τ ∈ (0, 1), the functions q(·, x) and τ(·, x) are
continuous on (1

2
,∞), and

ψ = xn−1 + α(1− xn−1) > xn−1

when x < 1 and α ≥ 1.
Now define

α′ :=
ψ − ε− xn−1

1− xn−1
if x > 0,

and α′ := ψ − ε if x = 0. Then α′ ≥ 0 and α′ < α, and by construction

xn−1 + α′(1− xn−1) = ψ − ε.

Thus the pair
(α′, τ ′), τ ′ := τ(ψ − ε, x),

implements the same x and the corresponding quality level q(ψ− ε, x), but yields strictly
higher platform profit. This contradicts optimality of (α, τ).

Therefore no profit-maximizing platform policy can have α ≥ 1. Since α ≥ 0 by
construction, it follows that

α∗ ∈ [0, 1).

54



OA.2.2 Additional Results

The next result complements the finite-n quality analysis in Section 5.1. Condition (9)
shows that recommendation price-sensitivity and commissions jointly determine firms’
incentives to invest in quality. Proposition 9 shows, in a tractable finite-n example, that
this force can lead the platform to choose a recommendation rule with limited price
sensitivity. The following result shows that in large markets the optimal design aligns
the recommendation weight with the commission wedge: along any convergent sequence
of optimal policies, α converges to 1− τ .

Proposition 12 (Asymptotic Alignment of α and τ with Endogenous Quality)
Assume that there exist ε0 > 0 and a constant 0 < f such that f(v) ≥ f for all v ∈
[v̄ − ε0, v̄]. Let c : R+ → R+ be continuously differentiable and strictly convex with
c(0) = 0, c′(0) = 0, and limq→∞ c′(q) = ∞.

For each n ≥ 2, let (αn, τn) be a platform-optimal design and let (pn, qn) be an
associated symmetric equilibrium. Then every convergent subsequence of (αn, τn) satisfies

α∞ = 1− τ∞.

Proof of Proposition 12. The proof proceeds in four steps. First, the symmetric first-
order conditions and the associated wedge and markup identities are recorded. Second,
it is shown that for any fixed α > 0 the markup term vanishes along any sequence of
net prices. Third, feasible platform policies that asymptotically attain the first-best total
surplus are constructed and used to pin down the limiting trade probability and quality
under the optimal sequence. Fourth, limits are taken in the wedge identity to obtain
α∞ = 1− τ∞.

Step 0: No α = ∞ First note that every optimal design has αn < ∞. Indeed, at
α = ∞, the Bertrand argument of Lemma 3 gives zero seller margin conditional on
quality; any q > 0 is then defeated by choosing q′ = 0 and a slightly lower price, so the
symmetric outcome has q = p = 0 and gives the platform zero profit, whereas a finite-α
policy with positive trade and τ > 0 gives strictly positive profit.

Step 1: FOCs. Fix n and let (αn, τn) be a platform-optimal design with associated
symmetric equilibrium (pn, qn). Write

xn := pn − qn, Dn := 1− F (xn)
n,

and define
In :=

∫ v̄

xn

F (v)n−1f(v) dv =
1− F (xn)

n

n
=
Dn

n
,
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Mn := (1− τn)pn − c(qn),

An := F (xn)
n−1f(xn), Bn :=

∫ v̄

xn

(n− 1)F (v)n−2f(v)2 dv.

The firm’s symmetric first-order conditions are

0 = (1− τn)In −Mn

(
An + αnBn

)
, (OA.17)

0 = −c′(qn)In +Mn

(
An +Bn

)
. (OA.18)

Dividing (OA.18) by (OA.17) yields

c′(qn) = (1− τn)
An +Bn

An + αnBn

. (OA.19)

Moreover, (OA.17) implies

pn −
c(qn)

1− τn
=

∫ v̄

xn
F (v)n−1f(v) dv

An + αnBn

=
(1− F (xn)

n)/n

An + αnBn

. (OA.20)

Step 2: Vanishing markups. Fix α > 0 and, for x ∈ [v, v̄], define

mn(x;α) :=

∫ v̄

x
F (v)n−1f(v) dv

F (x)n−1f(x) + α
∫ v̄

x
(n− 1)F (v)n−2f(v)2 dv

.

It is claimed that for any sequence xn ∈ [v, v̄], one has mn(xn;α) → 0 as n→ ∞.
The argument is the same as in Lemma 5. Passing to a subsequence if necessary,

suppose 1− F (xn)
n → q ∈ [0, 1].

If q = 1, then F (xn)
n → 0. Let an := max{xn, v̄ − ε0}. Since f(v) ≥ f on [v̄ − ε0, v̄],

(n− 1)

∫ v̄

xn

F (v)n−2f(v)2 dv ≥ f

∫ v̄

an

(n− 1)F (v)n−2f(v) dv = f
(
1− F (an)

n−1
)
.

If an = v̄ − ε0, then F (an) < 1, so F (an)
n−1 → 0. If an = xn, then F (an)

n−1 =

F (xn)
n−1 → 0 because F (xn)n → 0. Hence the denominator of mn(xn;α) is eventually

bounded below by a positive constant, while the numerator is (1 − F (xn)
n)/n → 0.

Therefore mn(xn;α) → 0.
If q < 1, then F (xn)

n → 1 − q > 0. This implies F (xn) → 1, for otherwise some
subsequence would satisfy F (xn) ≤ ρ < 1, implying F (xn)n → 0, a contradiction. Since
F (x) < 1 for every x < v̄, it follows that xn → v̄. Hence, for all large n, xn ∈ [v̄ − ε0, v̄],
so

F (xn)
n−1f(xn) ≥ f F (xn)

n−1.

Moreover, F (xn)n−1 = F (xn)
n/F (xn) → 1 − q > 0. Thus the denominator of mn(xn;α)

is eventually bounded below by a positive constant, while the numerator is again (1 −
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F (xn)
n)/n→ 0. Therefore mn(xn;α) → 0.

So in either case, mn(xn;α) → 0.

Step 3: Feasible near-first-best policies. Define J(q) := v̄ + q − c(q). Since c is
strictly convex, J is strictly concave and has a unique maximizer q? satisfying c′(q?) = 1.

Fix ε > 0 small enough that v̄ − ε > v and define

αε := 1− τ ε :=
c(q?)

v̄ − ε+ q?
∈ (0, 1),

Since c(0) = 0, strict convexity, and c′(q?) = 1, one has c(q?) =
∫ q?

0
c′(u) du < q? <

v̄ − ε+ q?, so indeed αε ∈ (0, 1). Equivalently,

c(q?)

1− τ ε
− q? = v̄ − ε. (OA.21)

Let (pεn, q
ε
n) be a symmetric equilibrium under this policy, and set

xεn := pεn − qεn, Dε
n := 1− F (xεn)

n.

Using (OA.19) with αε = 1− τ ε, one obtains

c′(qεn) = (1− τ ε)
Aε

n +Bε
n

Aε
n + (1− τ ε)Bε

n

≤ 1.

Since c′ is strictly increasing and c′(q?) = 1, it follows that qεn ≤ q? for every n.
Next, (OA.20) gives

pεn −
c(qεn)

1− τ ε
= mn(x

ε
n;α

ε).

Subtracting qεn yields

xεn =

(
c(qεn)

1− τ ε
− qεn

)
+mn(x

ε
n;α

ε).

Define g(q) := c(q)
1−τε

− q. Then g is convex, g(0) = 0, and (OA.21) gives g(q?) = v̄ − ε.
Since 0 ≤ qεn ≤ q?, convexity implies

g(qεn) ≤ max{g(0), g(q?)} = g(q?) = v̄ − ε.

By Step 2, mn(x
ε
n;α

ε) → 0, and therefore

lim sup
n→∞

xεn ≤ v̄ − ε.

Hence, for all large n, xεn ≤ v̄ − ε/2.
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Let f̄ := sup[v,v̄] f <∞. Then, for all large n,

Aε
n = F (xεn)

n−1f(xεn) ≤ f̄ F (v̄ − ε/2)n−1 → 0.

Let δε := min{ε/2, ε0}. Since xεn ≤ v̄ − δε for all large n,

Bε
n ≥ f

∫ v̄

v̄−δε

(n− 1)F (v)n−2f(v) dv = f
[
1− F (v̄ − δε)

n−1
]
,

so Bε
n is eventually bounded away from zero. Taking limits in (OA.19) yields c′(qεn) → 1.

Since c′ is strictly increasing and c′(q?) = 1, it follows that qεn → q?. Substituting back
gives xεn → v̄ − ε and Dε

n → 1.
Total profit per consumer under this policy is

(
pεn − c(qεn)

)
Dε

n =
(
xεn + qεn − c(qεn)

)
Dε

n → v̄ − ε+ q? − c(q?) = J(q?)− ε.

Aggregate firm profit per consumer equals M ε
nD

ε
n, where

M ε
n =

(1− τ ε)Iεn
Aε

n + αεBε
n

.

Since Iεn = Dε
n/n ≤ 1/n and the denominator is eventually bounded away from zero, it

follows that M ε
nD

ε
n → 0. Therefore the platform profit under this feasible policy satisfies

ΠP,ε
n → J(q?)− ε.

For every sufficiently small, fixed ε > 0, Step 3 provides a feasible policy with asymp-
totic platform profit J(q?)− ε, so optimality implies

lim inf
n→∞

ΠP
n ≥ J(q?)− ε.

Letting ε ↓ 0 gives lim infn→∞ ΠP
n ≥ J(q?).

On the other hand, a firm can always choose a price at which it makes no sale and
earns zero, so Mn ≥ 0, hence pn − c(qn) =Mn + τnpn ≥ 0. If there is trade, then xn ≤ v̄,
and therefore

ΠP
n = τnpnDn ≤

(
pn − c(qn)

)
Dn ≤ pn − c(qn) = xn + qn − c(qn) ≤ v̄ + qn − c(qn) ≤ J(q?).

Thus ΠP
n → J(q?).

Also, ΠP
n ≤ J(q?)Dn, so necessarily Dn → 1, equivalently F (xn)

n → 0. Finally,
ΠP

n ≤ v̄ + qn − c(qn) = J(qn), and J is strictly concave with unique maximizer q?. Since
ΠP

n → J(q?), it follows that qn → q? and hence c′(qn) → 1.
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Step 4: Limit of the wedge identity. Consider any convergent subsequence (αn, τn) →
(α∞, τ∞), allowing α∞ = ∞ a priori. By Step 3, qn → q?, c′(qn) → 1, and F (xn)

n → 0.
Let f̄ := sup[v,v̄] f <∞. Then

An = F (xn)
n−1f(xn) ≤ f̄ F (xn)

n−1 → 0.

Moreover,

Bn ≥ f

∫ v̄

max{xn,v̄−ε0}
(n− 1)F (v)n−2f(v) dv = f

[
1− F

(
max{xn, v̄ − ε0}

)n−1
]
.

Since F (v̄ − ε0) < 1 and F (xn)
n → 0 implies F (xn)n−1 → 0, Bn is eventually bounded

away from zero. Hence An/Bn → 0.
If αn → ∞ along this subsequence, then (OA.19) would imply

c′(qn) = (1− τn)
An/Bn + 1

An/Bn + αn

→ 0,

contradicting c′(qn) → 1. Therefore (αn) is bounded along the subsequence.
Now rewrite (OA.19) as

c′(qn)

(
An

Bn

+ αn

)
= (1− τn)

(
An

Bn

+ 1

)
.

Thus
c′(qn)αn − (1− τn) =

(
(1− τn)− c′(qn)

)An

Bn

→ 0.

Since (αn) is bounded along the subsequence and c′(qn) → 1, it follows that

αn − (1− τn) → 0.

Passing to the limit along the convergent subsequence yields

α∞ = 1− τ∞.

This completes the proof.

When n is large, competition for being recommended drives markups to zero, so firms
choose quality mainly to improve their score at the top of the match distribution. A
marginal quality increase dq raises the score one-for-one, while a marginal price increase
dp lowers the score by α dp. Thus, to keep its score (and recommendation probability)
roughly unchanged, a firm that raises quality by dq can raise its price by about dp ≈ dq/α,
of which it retains only the fraction 1 − τ . The resulting marginal return to quality is
therefore approximately (1 − τ)/α. Since the first-best satisfies c′(q?) = 1, asymptotic
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optimality requires (1− τ)/α→ 1, i.e. α∞ = 1− τ∞.

OA.3 Inferior Products: Proofs, Auxiliary Deriva-
tions, and Additional Results

OA.3.1 Deferred Proofs

Proof of Lemma 9. Let Vj := maxi≤n vij denote the highest regular-product match value.
At the symmetric price p, a regular product would be purchased in the baseline model if
and only if Vj ≥ p. Moreover, U has a weakly higher recommendation score than every
regular product if and only if

vU − αpU ≥ Vj − αp ⇐⇒ Vj ≤ vU + α(p− pU) = tU(α, pU , vU ; p).

Thus, almost surely, a misrecommendation occurs on the event {p ≤ Vj ≤ tU(α, pU , vU ; p)}.
Because Vj has CDF F n, this event has positive probability if and only if F

(
tU(α, pU , vU ; p)

)n
>

F (p)n, which, since n ≥ 2, is equivalent to F
(
tU(α, pU , vU ; p)

)
> F (p).

Finally, suppose p ∈ [v, v̄). Since f is strictly positive on (v, v̄),

F
(
tU(α, pU , vU ; p)

)
> F (p) ⇐⇒ tU(α, pU , vU ; p) > p.

Proof of Lemma 10. For p > pU , Lemma 9 implies that misrecommendations are ruled
out whenever α < ᾱ(p), where ᾱ(·) is defined in (10). Since vU < pU , ᾱ′(p) = vU−pU

(p−pU )2
< 0,

so ᾱ(·) is weakly decreasing on (pU ,∞).
For part (i), let (α∗, τ ∗) be an optimal design and let p∗ be the induced symmetric

regular-product price. Suppose p∗ > pU and, toward a contradiction, that α∗ < ᾱ(p∗).
Choose any α′ ∈ (α∗, ᾱ(p∗)). Then the inferior product U is irrelevant at price p∗

under both α∗ and α′. By the demand and markup derivation in Section OA.3.3.1,
the symmetric pricing condition at p∗ therefore coincides with the baseline one, namely
p∗ − c

1−τ
= m(α, p∗).

Since an optimal design yields positive profit, necessarily p∗ < v̄. For fixed p∗ < v̄,
write

m(α, p∗) =
N(p∗)

A(p∗) + αB(p∗)
,

where N(p∗) := 1−F (p∗)n

n
, A(p∗) := F (p∗)n−1f(p∗), and

B(p∗) := (n− 1)

∫ v̄

p∗
F (v)n−2f(v)2 dv.
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Since N(p∗) > 0 and B(p∗) > 0, the markup m(α, p∗) is strictly decreasing in α. Hence
m(α′, p∗) < m(α∗, p∗). Therefore there exists a unique τ ′ > τ ∗ such that p∗ − c

1−τ ′
=

m(α′, p∗).
Equivalently, under the policy (α′, τ ′), the price p∗ satisfies the corresponding sym-

metric first-order condition. By the maintained assumption for Section 5, the pricing
subgame under (α′, τ ′) admits a unique interior symmetric pure-strategy equilibrium,
and its equilibrium price is the unique interior solution to that first-order condition.
Hence, p∗ is the symmetric equilibrium regular-product price under (α′, τ ′). Because
the inferior product U is irrelevant at p∗, total quantity sold remains 1 − F (p∗)n, while
platform revenue per sale rises from τ ∗p∗ to τ ′p∗. This strictly increases platform profit,
contradicting the optimality of (α∗, τ ∗). Therefore α∗ ≥ ᾱ(p∗).

For part (ii), suppose pU > pm(c).
Let Q(p) := 1− F (p)n and π(p) := (p− c)Q(p). If a design induces price p and trade

probability D, platform profit is Π = τpD. In any equilibrium with positive sales, firms
must have nonnegative operating margins, so (1−τ)p ≥ c and therefore τp ≤ p−c. Also,
trade can occur only if at least one regular product yields nonnegative utility at price
p, so D ≤ Q(p). Hence Π ≤ (p − c)D ≤ (p − c)Q(p) = π(p). By Definition 1 and the
standard monopoly price properties stated after Definition 1, π is uniquely maximized at
pm(c), so Π ≤ π

(
pm(c)

)
under any design.

Now choose τ ? so that pm(c) = c
1−τ?

. Under α = ∞, downstream markups vanish, and
the induced price is pm(c). Since pU > pm(c), product U is strictly more expensive than
the regular products and is never recommended. Thus, trade probability is 1−F

(
pm(c)

)n.
Hence the platform attains profit Π(∞, τ ?) = π

(
pm(c)

)
, which reaches the upper bound.

Moreover, the upper bound is strict under every finite α. Indeed, in any finite-α
equilibrium with positive sales, firms must have strictly positive operating margins; oth-
erwise, a sufficiently small price increase would preserve positive demand while yielding
a positive margin. Hence (1− τ)p > c, so τp < p− c and therefore

Π < (p− c)D ≤ π(p) ≤ π
(
pm(c)

)
.

A design with zero sales yields zero platform profit. Therefore α∗ = ∞.

Proof of Proposition 10. Part (i) is proven first. Suppose pU < c and, toward a contradic-
tion, that some optimal design has α∗ = ∞. Under α = ∞, the platform recommends the
cheapest product. Since every regular product that is sold must yield a weakly nonneg-
ative operating margin, any sale by a regular firm at price pi requires (1− τ)pi − c ≥ 0,
hence pi ≥ c/(1 − τ) ≥ c > pU . Thus, U is strictly cheapest whenever any regular
product could be sold, so U is always recommended. Because vU < pU , product U is
never purchased; and since consumers do not search after a recommendation of U , no
regular product is ever purchased either. Therefore, every design with α = ∞ yields zero
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platform profit.
Now consider instead α = 1 and choose any τ ∈ (0, 1) with (1 − τ)v̄ > c. For

any price profile p, if a regular product yields nonnegative utility for consumer j, i.e.
vij −pi ≥ 0 > vU −pU for some i, then U cannot be recommended. If all regular products
yield negative utility, then there is no trade whether or not U is recommended. Hence,
under α = 1, the pricing game with U coincides with the baseline pricing game without
U . By Proposition 1, a symmetric equilibrium exists, and its price p satisfies

p− c

1− τ
= m(1, p) > 0.

Thus p < v̄, so 1− F (p)n > 0, and platform profit is

τp
(
1− F (p)n

)
> 0.

This contradicts optimality of α∗ = ∞. Therefore α∗ <∞.
Part (ii) is proven next. Suppose pU = 0 and vU = 0. By Lemma 10, any optimal

design satisfies
α∗ ≥ ᾱ(p∗) = 1,

where the equality follows from pU = vU = 0.
It remains to show that no α > 1 can be optimal. Fix a candidate optimal design (α, τ)

with α > 1, and let p be its symmetric equilibrium price. Write t := tU(α, 0, 0; p) = αp.
Since a design yielding strictly positive platform profit is feasible, optimality requires
p > 0 and t < v̄.

For any deviation pi ≥ 0, firm i’s demand under high search costs is

DU
i (pi, p; 0, 0) =

∫ v̄

αpi

F
(
v − αpi + αp

)n−1
f(v) dv,

because when α > 1 the relevant cutoff is tU(α, 0, 0; pi) = αpi. Now define an alternative
design (α′, τ ′) by α′ = 1 and

1− τ ′ =
1− τ

α
,

and let the candidate symmetric price be p′ := αp = t. For any deviation pi ≥ 0, set
p′i := αpi. Under (α′, τ ′) = (1, τ ′), firm i’s demand at deviation p′i against rivals’ price p′

is

DU
i (p

′
i, p

′; 0, 0) =

∫ v̄

p′i

F
(
v−p′i+p′

)n−1
f(v) dv =

∫ v̄

αpi

F
(
v−αpi+αp

)n−1
f(v) dv = DU

i (pi, p; 0, 0).

Moreover,
(1− τ ′)p′i − c = (1− τ ′)αpi − c = (1− τ)pi − c.
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Thus the deviation payoff under (1, τ ′) at p′i = αpi is exactly the same as the deviation
payoff under (α, τ) at pi. Since p is a best response to p under (α, τ), it follows that
p′ = αp is a best response to itself under (1, τ ′). Therefore (1, τ ′) induces a symmetric
equilibrium with cutoff

tU(1, 0, 0; p
′) = p′ = αp = tU(α, 0, 0; p),

so the purchasing set, and hence the trade probability, is unchanged.
Platform profit under the original design is

Π(α, τ) = τp
(
1− F (t)n

)
= τ

t

α

(
1− F (t)n

)
,

whereas under the transformed design it is

Π(1, τ ′) = τ ′t
(
1− F (t)n

)
.

Finally,

ατ ′ = α

(
1− 1− τ

α

)
= α− 1 + τ > τ,

because α > 1. Hence Π(1, τ ′) > Π(α, τ), contradicting the optimality of (α, τ). Therefore
α∗ ≤ 1. Combined with α∗ ≥ 1, this yields α∗ = 1.

Proof of Proposition 11. Since pU = vU = 0, Lemma 10 implies α∗(s) ≥ 1 for every s. It
therefore suffices to rule out α∗(s) = 1 for all sufficiently small s.

Suppose not. Then there exists a sequence sk ↓ 0 and, for each k, a platform-optimal
policy with α∗

k = 1. Let pk be the induced symmetric equilibrium price and τk the
associated commission.

Choose a benchmark policy (1, τ0) with τ0 ∈ (0, 1) and (1−τ0)v̄ > c, and let p0 ∈ (0, v̄)

be an induced symmetric equilibrium price. Its platform profit, π0 := τ0p0(1 − F (p0)
n),

is strictly positive. Since (α∗
k, τk) is optimal at sk,

τkpk
(
1− F (pk)

n
)
≥ π0 for all k.

Because τk ≤ 1, it follows that pk(1−F (pk)
n) ≥ π0, so pk 6→ v̄; otherwise F (pk) → 1 and

the left-hand side would converge to 0. Passing to a subsequence if necessary, assume
pk → p̄ < v̄.

Fix α > 1 and a symmetric candidate price p∗. Let x̂(α, s, p∗) denote the reservation
value after a recommendation of U , as characterized in Section OA.3.2.2. Also let

tU(α, pU , vU ; q) := vU + α(q − pU)
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denote the highest regular-product match value consistent with an initial recommendation
of U when the regular product charges q. In the benchmark considered here, pU = vU = 0,
so tU(α, 0, 0; q) = αq.

Suppose α > 1 and s is sufficiently small that search after U is active. Then, locally
around pi = p∗, firm i’s demand following Wolinsky (1986) is

Di(pi, p
∗) =

∫ v̄

tU (α,0,0;pi)

F (v − αpi + αp∗)n−1 f(v) dv

+

∫ x̂(α,s,p∗)−p∗+pi

pi

F (v − pi + p∗)n−1 f(v) dv

+

∫ tU (α,0,0;pi)

x̂(α,s,p∗)−p∗+pi

F (tU(α, 0, 0; p
∗))n − F (x̂(α, s, p∗))n

n
(
F (tU(α, 0, 0; p∗))− F (x̂(α, s, p∗))

) f(v) dv. (OA.22)

The three terms correspond to three regions of firm i’s match value. First, if v ≥
tU(α, 0, 0; pi), firm i beats U in the recommendation score and is purchased directly
whenever it is recommended. Second, if pi ≤ v < x̂(α, s, p∗) − p∗ + pi, firm i’s product
is purchasable but below the reservation threshold, so it is bought only after all regular
products were searched. Third, if x̂(α, s, p∗) − p∗ + pi ≤ v < tU(α, 0, 0; pi), firm i is
reached through search after U is recommended, but it is good enough to stop search
once encountered.

By (OA.22), at a symmetric price vector

D(p) := Di(p, p; s, α) =
1− F (p)n

n
.

Define
Λ(α, p, s) := −∂piDi(pi, p; s, α)

∣∣
pi=p

, m̂(α, p, s) :=
D(p)

Λ(α, p, s)
.

The symmetric first-order condition for firms’ profit maximization in the pricing subgame
can therefore be written as

p− c

1− τ
= m̂(α, p, s).

By the Leibniz rule,

Λ(α, p, s) = F (p)n−1f(p) + (n− 1)

∫ x̂(α,s,p)

p

F (v)n−2f(v)2 dv

+ α(n− 1)

∫ v̄

αp

F (v)n−2f(v)2 dv

+ α

[
F (αp)n−1 − F (αp)n − F (x̂(α, s, p))n

n
(
F (αp)− F (x̂(α, s, p))

)] f(αp)
−

[
F (x̂(α, s, p))n−1 − F (αp)n − F (x̂(α, s, p))n

n
(
F (αp)− F (x̂(α, s, p))

)] f(x̂(α, s, p)).
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For α > 1, as s ↓ 0, x̂(α, s, p) ↑ αp. The resulting convergence below is locally uniform
in p. Hence, by continuity of F and f ,

F (αp)n − F (x̂(α, s, p))n

n
(
F (αp)− F (x̂(α, s, p))

) → F (αp)n−1,

so Λ(α, p, s) → Λlim(α, p), where

Λlim(α, p) = F (p)n−1f(p) + (n− 1)

∫ αp

p

F (v)n−2f(v)2 dv + α(n− 1)

∫ v̄

αp

F (v)n−2f(v)2 dv.

At α = 1, search after U never starts, and direct differentiation gives Λ(1, p, s) = Λlim(1, p)

and m̂(1, p, s) = m(1, p). For α > 1,

Λlim(α, p)− Λlim(1, p) = (α− 1)(n− 1)

∫ v̄

αp

F (v)n−2f(v)2 dv,

so Λlim(α, p) > Λlim(1, p) whenever αp < v̄.
Choose ε > 0 such that v < (1 + ε)p̄ < v̄. Then Λlim(1 + ε, p̄) > Λlim(1, p̄), and

therefore Λ(1 + ε, pk, sk) > Λ(1, pk, sk) for all sufficiently large k. Since D(pk) =
1−F (pk)

n

n

does not depend on α, it follows that

m̂(1 + ε, pk, sk) < m̂(1, pk, sk)

for all sufficiently large k.
Fix such a k and set α′ := 1 + ε.
Since (α∗

k, τk) = (1, τk) induces the symmetric equilibrium price pk, the assumption
for the low-search-cost analysis implies that pk satisfies the symmetric pricing first-order
condition. Hence

pk −
c

1− τk
= m̂(1, pk, sk).

Now define τ̃k > τk by
pk −

c

1− τ̃k
= m̂(1 + ε, pk, sk).

Under the policy (α′, τ̃k), the same price pk satisfies the symmetric pricing first-order
condition. By the maintained assumption for Section 5, this first-order condition charac-
terizes the symmetric equilibrium price, so pk is the symmetric equilibrium price under
(α′, τ̃k).

At that price, total quantity sold remains 1 − F (pk)
n, while per-sale platform rev-

enue rises from τkpk to τ̃kpk. Hence, platform profit is strictly higher, contradicting the
optimality of the policy with α∗

k = 1.
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Therefore, there exists s̄ > 0 such that every platform-optimal choice satisfies

α∗(s) > 1 for all s ∈ (0, s̄).

OA.3.2 Recommendation of the Inferior Product

OA.3.2.1 Equivalent Condition

A useful restatement of Lemma 9 is the following corollary, which makes transparent how
the direction of the distortion depends on whether pU is low or high.

Corollary 2 (Equivalent Forms)
Fix (pU , vU) with vU < pU and a symmetric regular-product price p ∈ [v, v̄).

1. If p > pU , then misrecommendation at p occurs with positive probability if and only
if

α >
p− vU
p− pU

> 1.

2. If p < pU , then misrecommendation at p occurs with positive probability if and only
if

0 ≤ α <
p− vU
p− pU

.

In particular, if vU ≤ p < pU , then the right-hand side is ≤ 0, so misrecommendation
is impossible for any α ≥ 0.

3. If p = pU , then misrecommendation is impossible, since it would require vU ≥ pU .

If U is relatively cheap (pU < p), misrecommendations arise only for sufficiently
large α, because the ranking becomes price-driven and U can outrank regular products
despite its low match value. If instead U is expensive (pU > p), misrecommendations can
occur only when U ’s match value is high enough (necessarily vU > p) and the ranking is
sufficiently insensitive to price (small α).

OA.3.2.2 Search After Observing U

Fix a conjectured symmetric regular-product price p∗ and algorithm parameter α, and
define

t := tU(α, pU , vU ; p
∗), tU(α, pU , vU ; p) := vU + α(p− pU).

If F (t) = 0, then U is recommended with probability zero, so no posterior following
a recommendation of U is required. Henceforth suppose F (t) > 0. Conditional on a
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recommendation of U , the regular match values are independent and distributed as F
truncated above at t. Denote this posterior cdf by FU , i.e.

FU(x) :=


0, x < v,

F (x)

F (t)
, v ≤ x ≤ t,

1, x > t.

If p∗ > pU , then tU(α, pU , vU ; p
∗) is increasing in α, so the posterior FU shifts upward in

the sense of first-order stochastic dominance, making search more attractive.
The key object is the posterior probability that an unseen regular product is pur-

chasable at price p∗.

Corollary 3 (Posterior Support above the Purchase Threshold)
Conditional on a recommendation of U , the posterior assigns positive probability to a
regular product with non-negative utility if and only if

F (t) > F (p∗).

When p∗ ∈ [v, v̄), this is equivalent to t > p∗. More precisely, for each regular product,

Pr(vij ≥ p∗ | U recommended) =


0, F (t) ≤ F (p∗),

F (t)− F (p∗)

F (t)
, F (t) > F (p∗).

Hence, if F (t) > F (p∗), the probability that at least one of the n regular products is
purchasable under the posterior is

1−
(
F (p∗)

F (t)

)n

> 0.

In particular, when p∗ ∈ [v, v̄), pU < p∗, and

α >
p∗ − vU
p∗ − pU

,

one has tU(α, pU , vU ; p∗) > p∗, so conditional on observing U there is a positive probability
that some unseen regular product would be purchased. Taking p∗ = pm(c), this condition
is equivalent to α > ᾱ(pm(c)) =

pm(c)−vU
pm(c)−pU

.

If instead F (t) ≤ F (p∗), then under the posterior, no regular product yields non-
negative utility with positive probability, so search is never optimal after a recommenda-
tion of U .

Conditional on a recommendation of U , the regular-product values are independent,
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and each has marginal distribution FU . By consistency, observing off-equilibrium prices
of inspected products does not change beliefs about the prices charged by unseen firms.
Hence, after observing U , each unseen regular product is conjectured to be priced at
p∗, and its match value is governed by FU . The continuation problem after observing
U is therefore the sequential-search problem over the remaining regular products under
(p∗, FU). Whenever search is started after observing U , sequential rationality requires the
consumer’s search behavior, after each subsequent search outcome that can arise in this
continuation problem, to coincide with the optimal search rule. Outcomes not generated
under that behavior are irrelevant to the characterization below.

Suppose therefore that F (t) > F (p∗). Let x̂(α, s, p∗) denote the reservation value
defined by ∫ t

x̂(α,s,p∗)

(
v − x̂(α, s, p∗)

)
dFU(v) = s.

By the characterization of this continuation problem following Wolinsky (1986), the opti-
mal search rule after a recommendation of U is the reservation rule governed by x̂(α, s, p∗):
after each subsequent search outcome, the consumer continues searching if and only if
the best currently inspected regular option yields net utility v − p below

x̂(α, s, p∗)− p∗.

In particular, immediately after observing U , the consumer starts searching if and
only if

x̂(α, s, p∗) > p∗.

Equivalently, define

s̄(α, p∗) :=

∫ t

p∗
(v − p∗) dFU(v).

Then the consumer starts searching after observing U if and only if

s < s̄(α, p∗).

Indeed, by the defining equation for x̂(α, s, p∗), one has x̂(α, s, p∗) > p∗ if and only if

s <

∫ t

p∗
(v − p∗) dFU(v) = s̄(α, p∗).

Whenever F (t) > F (p∗), Corollary 3 implies that FU

(
(p∗, t]

)
= F (t)−F (p∗)

F (t)
> 0, and there-

fore s̄(α, p∗) =
∫ t

p∗
(v−p∗) dFU(v) > 0. Hence, whenever F (t) > F (p∗), a recommendation

of U triggers search for all sufficiently small search costs.
This also yields the high-search-cost region used in the text. If s > s̄(α, p∗), then

starting to search is not optimal after a recommendation of U . Since a recommendation
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of U is an on-path history whenever it occurs with positive probability, no symmetric
pure-strategy PBE can prescribe search after U in that case.

Finally, as s ↓ 0, one has x̂(α, s, p∗) ↑ min{t, v̄}, so the consumer nearly exhausts the
search pool. In particular, her final choice approaches the full-information rule

argmax
i

{vij − pi},

that is, for sufficiently small search costs, the consumer behaves as if the relevant price
weight were 1 regardless of the platform’s α.

OA.3.3 High Search Costs

OA.3.3.1 Demand and Markups

Conditional on consumers never starting to search, the demand of firm i when it sets
price pi and all other regular products set price p is

DU
i (pi, p; pU , vU) =

∫ v̄

t(pi)

F
(
v−αpi+αp

)n−1
f(v) dv, t(pi) := max{pi, vU+α(pi−pU)}.

(OA.23)
Whenever t(p) ∈ (v, v̄) and t(·) is differentiable at p, the first-order condition for firm

i in a symmetric equilibrium can be written as

p− c

1− τ
= m̃(α, p; pU , vU), (OA.24)

where

m̃(α, p; pU , vU) :=
1− F

(
t(p)

)n
n

1

t′(p)F
(
t(p)

)n−1
f
(
t(p)

)
+ α(n− 1)

∫ v̄

t(p)
F (v)n−2f(v)2 dv

.

If vU + α(p− pU) < p, then t(p) = p and t′(p) = 1, so

m̃(α, p; pU , vU) = m(α, p) :

the inferior product U is irrelevant for pricing at p.
If instead vU + α(p − pU) > p, then t(p) = vU + α(p − pU) and t′(p) = α, so the

cutoff a regular product must clear to be recommended is strictly higher than in the
baseline. This affects demand with positive probability if and only if F

(
t(p)

)
> F (p).

When p ∈ [v, v̄), this is equivalent to t(p) > p. In the empirically relevant case p ∈ [v, v̄)

and p > pU , this occurs when α is large enough, as characterized in Corollary 2; in that
case, the markup is pointwise lower than the baseline markup.
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OA.3.3.2 Asymptotic Price Sensitivity

The main text studies the inferior-product extension under high search costs through the
threshold logic in Lemma 10, the finiteness result and the sharp benchmark pU = vU = 0

in Proposition 10. One can also sharpen the large-market conclusion for general (pU , vU)
as n→ ∞.

Recall the threshold ᾱ(p) defined in (10). At a symmetric regular-product price
p > pU , misrecommendations are impossible whenever

α ≤ ᾱ(p).

Thus ᾱ(p) is the threshold at which tU(α, pU , vU ; p) = p. When p ∈ [v, v̄), it is also
the threshold above which misrecommendations occur with positive probability. Since
vU < pU , the map ᾱ(·) is strictly decreasing on (pU ,∞).

Since ᾱ(·) is continuous on (pU ,∞), define the limiting threshold

ᾱ∞(pU , vU) := lim
p↑v̄

ᾱ(p) =
v̄ − vU
v̄ − pU

.

The next result shows that, as n → ∞, the platform’s optimal choice of α converges to
this limiting threshold.

Proposition 13 (Asymptotic Behavior of α∗(n, pU , vU))
Fix 0 ≤ vU < pU < v̄. Then

α∗(n, pU , vU) → ᾱ∞(pU , vU).

Proof. Write ᾱ∞ := ᾱ∞(pU , vU). First, it is shown that lim supn→∞ α∗(n, pU , vU) ≤
ᾱ∞. Suppose not. Then there exist α̃ > ᾱ∞ and a subsequence nk → ∞ such that
α∗(nk, pU , vU) ≥ α̃ for all k.

Consider any α ∈ [α̃,∞] and a symmetric equilibrium under (α, τ) with positive trade.
If α = ∞, positive regular-product trade requires p ≤ pU < pmax(α̃). If α < ∞, some
regular product must beat U at some match value v ≤ v̄, so v − αp ≥ vU − αpU , and
hence

p ≤ pmax(α) := pU +
v̄ − vU
α

≤ pmax(α̃) < v̄,

where the last inequality uses α̃ > ᾱ∞. Thus, in either case, p ≤ pmax(α̃). Also, positive
trade and nonnegative equilibrium firm profit imply (1− τ)p ≥ c, and hence τp ≤ p− c.
Since purchase probability is at most one,

Πn(α, τ ; pU , vU) ≤ pmax(α̃)− c.
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Hence

Πnk

(
α∗(nk, pU , vU), τ

∗(nk, pU , vU); pU , vU
)
≤ pmax(α̃)− c for all k.

Now choose

p′ ∈
(
max{pmax(α̃), c, v}, v̄

)
and set α′ := ᾱ∞.

Since ᾱ(·) is strictly decreasing and ᾱ(v̄) = ᾱ∞, one has α′ < ᾱ(p′), so the inferior product
U is slack at p′ under α′. Let τn solve

p′ − c

1− τn
= mn(α

′, p′).

Because p′ > c and mn(α
′, p′) → 0, τn ∈ [0, 1) for all large n and τnp′ → p′− c. Since U is

strictly slack at p′, this is also the full pricing game’s symmetric first-order condition; by
the maintained uniqueness assumption, p′ is the induced equilibrium price, and purchase
occurs whenever at least one regular product has value above p′. So,

Πn(α
′, τn; pU , vU) = τnp

′(1− F (p′)n
)
→ p′ − c.

As p′ > pmax(α̃), one has p′ − c > pmax(α̃)− c, so for all large k,

Πnk
(α′, τnk

; pU , vU) > pmax(α̃)− c,

contradicting the optimality of α∗(nk, pU , vU). Therefore

lim sup
n→∞

α∗(n, pU , vU) ≤ ᾱ∞(pU , vU).

For the reverse inequality, let p∗n be the symmetric regular-product price induced by an
optimal design (α∗

n, τ
∗
n), and let Π∗

n denote the corresponding platform profit. The same
feasible-policy construction can be carried out for every fixed p′ ∈ (max{c, v, pU}, v̄) such
that α′ := ᾱ∞ < ᾱ(p′). For each such p′, choosing τ ′n from p′ − c

1−τ ′n
= mn(α

′, p′)

yields a feasible policy with asymptotic platform profit p′ − c. Hence, for every suffi-
ciently small ε > 0, taking p′ = v̄ − ε gives

lim inf
n→∞

Π∗
n ≥ v̄ − ε− c.

Since ε > 0 is arbitrary and always Π∗
n ≤ v̄ − c, it follows that Π∗

n → v̄ − c.

On the other hand, if D∗
n is the associated trade probability, then Π∗

n = τ ∗np
∗
nD

∗
n ≤

(p∗n−c)D∗
n ≤ p∗n−c ≤ v̄−c, where the first inequality uses (1−τ ∗n)p∗n ≥ c. Hence p∗n → v̄.

Therefore p∗n > pU for all sufficiently large n, and Lemma 10 yields α∗(n, pU , vU) ≥
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ᾱ(p∗n). Since ᾱ(·) is continuous on (pU ,∞) and p∗n → v̄, it follows that ᾱ(p∗n) → ᾱ(v̄) =

ᾱ∞(pU , vU). Thus
lim inf
n→∞

α∗(n, pU , vU) ≥ ᾱ∞(pU , vU).

Combining this with the lim sup bound yields

α∗(n, pU , vU) → ᾱ∞(pU , vU).

Thus, in large markets, the platform chooses the threshold level that just keeps the
inferior product U from binding at the limiting benchmark price. The gain from raising
α further vanishes with n because markup compression disappears, while the distortion
from misrecommendations does not.

OA.4 Free entry

This appendix studies how endogenous entry changes the platform’s joint choice of rec-
ommendation design and monetization. Because entry is costly, the platform must leave
participating firms positive rents. Since greater recommendation price-sensitivity inten-
sifies price competition and compresses those rents, endogenous entry can discipline the
platform’s choice of α. Through the free-entry condition, the platform’s policy also deter-
mines the equilibrium mass of active firms. Relative to the baseline model, entry is now
endogenous, and for tractability, I extend the symmetric pricing condition derived for
integer n ≥ 2 to continuous n ≥ 2. Under commission caps, the induced entry response
can further alter the welfare effects of regulation.

Set-up. Extend the baseline environment by allowing endogenous entry. There is a
continuum of ex ante identical potential firms. An entering firm lists one product on the
platform and incurs a fixed entry cost k > 0.

Let n ∈ [2,∞) denote the mass of entrants, treated as continuous for tractability. For
integer n ≥ 2, the symmetric pricing condition is the one from the baseline model. For
real n ≥ 2, I define the symmetric price by continuous interpolation of that symmetric
pricing condition.

The timing is:

1. The platform chooses (α, τ) (possibly subject to a cap τ ≤ τ̄).

2. Firms enter. In a symmetric free-entry equilibrium, entry continues until expected
operating profit equals k, determining n.
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3. Given (α, τ, n), the symmetric price p(α, τ, n) is determined by the continuous in-
terpolation of the baseline symmetric pricing condition.

4. Consumers observe the recommendation and make their search and purchase deci-
sions as in the baseline model.

For n ∈ [2,∞), let p(α, τ, n) denote the symmetric price induced by this interpolated
pricing condition. Given a commission rate τ , a price p, and mass n, a firm’s profit is

π(p, n; τ) =
[
(1− τ)p− c

]1− F (p)n

n
.

A symmetric free-entry equilibrium is a tuple (α∗, τ ∗, p∗, n∗) such that p∗ = p(α∗, τ ∗, n∗)

and the free-entry condition holds:

π(p∗, n∗; τ ∗) = k.

Thus entry is pinned down by the zero-profit free-entry condition. We focus on symmetric
equilibria and maintain the assumptions on F used in the baseline analysis.

Endogenous entry adds an additional constraint to the platform’s problem: for any
policy (α, τ), the induced equilibrium must leave firms enough operating profit to cover
the entry cost k. This may force the platform to limit recommendation price-sensitivity
in order to sustain entry.

When entry costs are very large, the free-entry condition may be inconsistent with
n ≥ 2 (or may require such large rents that the platform prefers an outcome with a
single active firm). We therefore focus on sufficiently small entry costs under which the
equilibrium features at least two active firms.

Proposition 14 (Free entry with unconstrained commission rate)
Suppose that for every finite α ≥ 0, every τ ∈ [0, 1), and every n ∈ [2,∞), the interpolated
symmetric pricing condition admits a unique symmetric price p(α, τ, n).

Then there exists k0 > 0 such that for all k ∈ (0, k0], any symmetric free-entry
equilibrium (α∗(k), τ ∗(k), p∗(k), n∗(k)) satisfies

n∗(k) ≥ 2 and α∗(k) <∞.

Moreover, n∗(k) → ∞ as k ↓ 0.

Proof. Write D(p, n) := 1−F (p)n, π(p, n; τ) :=
[
(1−τ)p−c

]
D(p, n)/n, and Π(τ, p, n) :=

τpD(p, n).
The proof has two parts. First, we construct a feasible policy with finite price sensi-

tivity that, for small entry costs, supports a large mass of entrants and yields platform
profit arbitrarily close to v̄−c. Second, we show that any sequence of free-entry equilibria

73



with entry bounded by some finite N yields platform profit uniformly bounded away from
v̄ − c. Hence, equilibrium entry must diverge as k ↓ 0. Once n∗(k) ≥ 2, the extreme
policy α = ∞ is impossible, because it induces Bertrand pricing and zero firm rents.

Fix ε > 0 sufficiently small that v̄ − ε > v, choose τ ε so that c/(1 − τ ε) = v̄ − ε,
and fix any finite αε > 0. For each n ≥ 2, let pε(n) := p(αε, τ ε, n) denote the unique
symmetric equilibrium price under this fixed policy, and let mε

n := pε(n)− c/(1− τ ε). By
the symmetric pricing condition,

mε
n =

1− F (pε(n))n

n
[
F (pε(n))n−1f(pε(n)) + αε(n− 1)

∫ v̄

pε(n)
F (v)n−2f(v)2 dv

] .
Under the continuous interpolation in n, the right-hand side is continuous in (p, n). Hence,
since the equilibrium price is unique for each n, the map n 7→ pε(n) is continuous.

Now define
φε(n) := π(pε(n), n; τ ε),

so φε(n) is simply the per-firm operating profit under the fixed policy (αε, τ ε) when the
entrant mass is n. Since αε > 0 is fixed, the proof of Lemma 5 extends directly to the
interpolated domain n ∈ [2,∞), so mε

n → 0 as n → ∞. Therefore pε(n) → v̄ − ε and
D(pε(n), n) → 1. It follows that

φε(n) = (1− τ ε)mε
n

D(pε(n), n)

n
→ 0,

while platform profit under the same fixed policy satisfies

Πε(n) := Π(τ ε, pε(n), n) = τ εpε(n)D(pε(n), n) → τ ε(v̄ − ε) = v̄ − ε− c.

Moreover, φε(n) > 0 for every finite n ≥ 2, because pε(n) = v̄ would make the pricing
equation read ε = 0, while pε(n) < v̄ makes both the numerator and denominator in
the markup formula strictly positive. Since φε is continuous, φε(2) > 0, and φε(n) → 0,
the intermediate value theorem implies that, for every sufficiently small k > 0, the set of
n ≥ 2 satisfying

φε(n) = k

is nonempty. Let nε(k) denote the entrant mass chosen from this set by an arbitrary rule.
Then nε(k) → ∞ as k ↓ 0. Otherwise, there would exist N < ∞ and a sequence kj ↓ 0

such that nε(kj) ∈ [2, N ] for all j. But continuity and strict positivity of φε on [2, N ]

imply
min

n∈[2,N ]
φε(n) > 0,
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contradicting
φε(nε(kj)) = kj → 0.

Hence, under every continuation rule, the platform profit induced by the fixed policy
(αε, τ ε) satisfies

Πε(nε(k)) → v̄ − ε− c.

Now suppose, toward a contradiction, that there exist kj ↓ 0 and N <∞ such that the
corresponding symmetric free-entry equilibria (αj, τj, pj, nj) := (α∗(kj), τ

∗(kj), p
∗(kj), n

∗(kj))

satisfy nj ≤ N for all j. By free entry,
[
(1− τj)pj − c

]
D(pj, nj)/nj = kj, so

Π(τj, pj, nj) = τjpjD(pj, nj) = (pj − c)D(pj, nj)− njkj.

Since nj ≤ N , we have D(pj, nj) ≤ 1− F (pj)
N , hence

Π(τj, pj, nj) ≤ (pj − c)
(
1− F (pj)

N
)
+Nkj ≤ ΠN +Nkj,

where ΠN := maxp∈[c,v̄](p− c)(1− F (p)N). Because N <∞, ΠN < v̄ − c: if p < v̄, then

(p− c)
(
1− F (p)N

)
≤ p− c < v̄ − c,

while at p = v̄ the expression equals 0.
Choose ε > 0 sufficiently small that v̄−ε > v and v̄−ε−c > ΠN . Since Πε(nε(kj)) →

v̄ − ε− c and Nkj → 0, for all large j,

Π∗(kj) ≥ Πε(nε(kj)) > ΠN +Nkj ≥ Π(τj, pj, nj),

contradicting optimality. Hence no such finite N can exist, and therefore n∗(k) → ∞ as
k ↓ 0.

In particular, there exists k0 > 0 such that n∗(k) ≥ 2 for all k ∈ (0, k0]. Now
suppose α∗(k) = ∞ for some such k. Then the induced pricing outcome is Bertrand.
If c/(1 − τ ∗(k)) < v̄, Lemma 3 implies p∗(k) = c/(1 − τ ∗(k)), so each firm’s operating
profit is zero; if instead c/(1 − τ ∗(k)) ≥ v̄, there is no trade, so each firm’s operating
profit is again zero. In either case π(p∗(k), n∗(k); τ ∗(k)) = 0, contradicting the free-entry
condition π(p∗(k), n∗(k); τ ∗(k)) = k > 0. Hence α∗(k) <∞ for all k ∈ (0, k0].

Proposition 14 formalizes how endogenous entry disciplines algorithm design. Holding
(p, τ) fixed, per-firm operating profits fall with entry because demand is shared among
more firms. When k is small, equilibrium entry becomes large, and indeed diverges as
k ↓ 0. But because entry requires positive rents, the platform cannot implement the
extreme price-driven rule α = ∞: with n ≥ 2 this would eliminate operating profits and
violate free entry for any k > 0.
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Commission caps. With free entry, firms enter until expected operating profit equals
the entry cost k. A cap on the commission rate τ shifts surplus from the platform to
firms by limiting commission revenue per sale. Under endogenous entry, this rent shift
can induce additional entry and thereby increase the equilibrium mass of active firms n.

This entry response matters because consumer surplus can be non-monotone in n in
the baseline environment; see Subsection 3.4. In the simulation below, once the cap τ̄

binds and entry is sufficiently cheap, tightening τ̄ reduces consumer surplus even though,
holding n fixed, it would improve consumer outcomes. Figure OA.4 illustrates this mech-
anism.

Figure OA.4: Consumer Surplus under Free Entry as a Function of τ

F ∼ U [0, 1], c = 0.3, Lower τ̄ corresponds to a tighter cap.

OA.5 Positive Platform Marginal Cost

In this subsection, I reexamine the results on platform pricing and commission caps when
the platform incurs a strictly positive marginal cost cp > 0 per successful transaction and
has an outside option of exiting with value zero.

Set-up. The firms’ and consumers’ problems are unchanged relative to the baseline.
Hence, by Corollary 1, for any (α, τ), any symmetric equilibrium price in the pricing
subgame satisfies

p− c

1− τ
= m(α, p). (5)

If the platform induces the symmetric price p, its profit is

(τp− cp)
(
1− F (p)n

)
.
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Using (5), this can be rewritten as[
p− (c+ cp)−

cm(α, p)

p−m(α, p)

] (
1− F (p)n

)
.

Relative to equation (6), the cost term is only shifted by cp. For finite α, this is only a
convenient representation: the effective cost term depends on p through the markup func-
tion, so the platform still does not face a standard monopoly problem. A clean monopoly
representation reappears in the two cases studied below: first, in the unregulated problem
once α = ∞ is shown to be optimal; and second, under a binding commission cap, when
τ is fixed and the platform chooses among feasible induced prices.

Unconstrained commission.

Proposition 15 (Unregulated Platform Choice with Positive Platform Marginal Cost)
Suppose f is log-concave on [v, v̄].

If c+ cp < v̄, then the game admits a unique symmetric equilibrium outcome. In that
equilibrium,

α∗ = ∞, p∗ = pm(c+ cp), τ ∗ = 1− c

pm(c+ cp)
.

If c+ cp ≥ v̄, then there is no trade.

Proof Sketch. Existence of the pricing subgame follows from Proposition 1. The argument
that α∗ = ∞ is the same double-deviation argument as in Proposition 2: any finite α
leaves a strictly positive downstream markup, and the platform can profitably deviate
to α = ∞ while adjusting τ so as to keep the consumer price fixed. Quantity sold is
unchanged, while revenue per sale strictly increases. Hence no operating optimum can
have finite α.

Given α = ∞, the unique symmetric equilibrium price in the pricing subgame is

p =
c

1− τ
.

The platform therefore chooses p to maximize

(p− c− cp)
(
1− F (p)n

)
.

By Definition 1 and the standard monopoly-price properties, if c + cp < v̄ this problem
has the unique maximizer pm(c+ cp), which yields

τ ∗ = 1− c

pm(c+ cp)
.

If instead c+ cp ≥ v̄, there is no trade and the payoff is zero.
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Proposition 15 shows that in the unregulated benchmark, the platform still imple-
ments the outcome of a vertically integrated industry, except that the relevant marginal
cost is now c+ cp.

Caps on commissions. Now suppose the regulator imposes a cap τ ≤ τ̄ . Once τ is
fixed, the platform uses α only to choose which symmetric equilibrium price is induced
in the pricing subgame. Thus, under a binding cap, the relevant problem is to maximize
platform profit over the set of prices that can be implemented at the capped commission.

Proposition 16 (Commission Caps with Positive Platform Marginal Cost)
Suppose c + cp < v̄, and for every τ ∈ [0, 1) with (1− τ)v̄ > c and every α ∈ [0,∞], the
pricing subgame admits a unique symmetric equilibrium price. Let

τ ∗ := 1− c

pm(c+ cp)
, τ ∗∗∗ :=

cp
c+ cp

,

let τ ∗∗ ∈ (τ ∗∗∗, τ ∗) be the unique solution to

pm

( cp
τ ∗∗

)
=

c

1− τ ∗∗
,

and let τ ∗∗∗∗ ∈ (0, τ ∗∗∗) be the unique solution to

τ ∗∗∗∗pm

(
c

1− τ ∗∗∗∗

)
= cp.

Then
τ ∗ > τ ∗∗ > τ ∗∗∗ > τ ∗∗∗∗ > 0,

and under a cap τ ≤ τ̄ ,

(α∗, τ, p∗) =



(∞, τ ∗, pm(c+ cp)), τ̄ ≥ τ ∗,(
∞, τ̄,

c

1− τ̄

)
, τ̄ ∈ [τ ∗∗, τ ∗),(

α(τ̄), τ̄, pm

(cp
τ̄

))
, α(τ̄) ∈ (0,∞), τ̄ ∈ (τ ∗∗∗, τ ∗∗),(

0, τ̄, pm

(
c

1− τ̄

))
, τ̄ ∈ (τ ∗∗∗∗, τ ∗∗∗],

either
(
0, τ̄, pm

(
c

1− τ̄

))
or exit, τ̄ = τ ∗∗∗∗,

exit (no trade), τ̄ < τ ∗∗∗∗.

In particular, the cap binds whenever τ̄ < τ ∗.

Proof. Part (i) follows from Proposition 15, so fix τ̄ < τ ∗. For any τ < 1 with (1−τ)v̄ > c,
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let p(α, τ) denote the unique symmetric equilibrium price in the pricing subgame. By
Proposition 1, p(α, τ) satisfies p(α, τ)− c

1−τ
= m(α, p(α, τ)). Moreover, p(0, τ) = pm

(
c

1−τ

)
and p(∞, τ) = c

1−τ
. By continuity of the pricing equation, together with the tie-breaking

convention at α = ∞, the map α 7→ p(α, τ) is continuous on [0,∞]. Hence, for fixed τ ,
the set of implementable prices is exactly

[
c

1−τ
, pm

(
c

1−τ

)]
.

Next, whenever τ̄ < τ ∗, the cap binds. Suppose instead that the platform operates
with some τ < τ̄ and induces price p. If p > c

1−τ
, then for some τ ′ > τ close enough to

τ the same price remains feasible under τ ′, so the platform can choose some α′ that still
induces p. Quantity is unchanged, while per-sale revenue rises from τp − cp to τ ′p − cp,
a contradiction. If instead p = c

1−τ
, then necessarily α = ∞, and profit is

(p− c− cp)
(
1− F (p)n

)
.

By Definition 1 and the standard monopoly-price properties, this is strictly increasing for
p < pm(c+ cp). Since τ̄ < τ ∗, c

1−τ̄
< pm(c+ cp), so deviating to (α, τ) = (∞, τ̄) raises the

induced price from c
1−τ

to c
1−τ̄

while keeping it below pm(c + cp), and therefore strictly
raises profit. Thus any optimum must satisfy τ = τ̄ .

Fix therefore τ = τ̄ < τ ∗. The platform chooses p ∈
[

c
1−τ̄

, pm
(

c
1−τ̄

)]
to maximize

(τ̄ p − cp)(1 − F (p)n). Up to the positive factor τ̄ , this is the monopoly problem with
marginal cost cp/τ̄ , so the unconstrained maximizer is p̂(τ̄) := pm

( cp
τ̄

)
.

Since pm(·) is strictly increasing, p̂(τ) is strictly decreasing in τ , while c
1−τ

is strictly
increasing. At τ = τ ∗,

p̂(τ ∗) = pm

( cp
τ ∗

)
< pm(c+ cp) =

c

1− τ ∗
,

because τ ∗ > cp
c+cp

. At τ ∗∗∗ := cp
c+cp

,

p̂(τ ∗∗∗) = pm(c+ cp) > c+ cp =
c

1− τ ∗∗∗
.

Hence there exists a unique τ ∗∗ ∈ (τ ∗∗∗, τ ∗) such that

pm

( cp
τ ∗∗

)
=

c

1− τ ∗∗
.

Therefore p̂(τ̄) ≤ c
1−τ̄

iff τ̄ ∈ [τ ∗∗, τ ∗), and in this region the optimum is the lower
endpoint,

p∗(τ̄) =
c

1− τ̄
,

implemented by α∗ = ∞. This proves part (ii).
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Next, by strict monotonicity of pm and p̂,

p̂(τ̄) ≥ pm

(
c

1− τ̄

)
⇐⇒ cp

τ̄
≥ c

1− τ̄
⇐⇒ τ̄ ≤ cp

c+ cp
= τ ∗∗∗.

Hence, if τ̄ ∈ (τ ∗∗∗, τ ∗∗), then

c

1− τ̄
< p̂(τ̄) < pm

(
c

1− τ̄

)
,

so the optimum is interior:
p∗(τ̄) = pm

(cp
τ̄

)
,

implemented by some α∗(τ̄) ∈ (0,∞). This proves part (iii).
If instead τ̄ ≤ τ ∗∗∗, the optimum is the upper endpoint,

p∗(τ̄) = pm

(
c

1− τ̄

)
,

implemented by α∗ = 0, provided the platform operates. Operation requires

τ̄ pm

(
c

1− τ̄

)
− cp > 0.

Now τ 7→ τ pm
(

c
1−τ

)
is continuous and strictly increasing, tends to 0 as τ ↓ 0, and at τ ∗∗∗

equals
τ ∗∗∗pm(c+ cp) > τ ∗∗∗(c+ cp) = cp.

Hence there exists a unique τ ∗∗∗∗ ∈ (0, τ ∗∗∗) such that

τ ∗∗∗∗pm

(
c

1− τ ∗∗∗∗

)
= cp.

Therefore τ̄ ∈ (τ ∗∗∗∗, τ ∗∗∗] yields part (iv). If τ̄ < τ ∗∗∗∗, then even the highest feasible
price yields strictly negative profit, so the platform exits. If τ̄ = τ ∗∗∗∗, then operating at
the highest feasible price yields zero profit, so both exit and

(
0, τ̄, pm

(
c

1−τ̄

))
are optimal.

This proves parts (iv) and (v).
The threshold comparisons established above also imply the ordering

τ ∗ > τ ∗∗ > τ ∗∗∗ > τ ∗∗∗∗ > 0.

Relative to the benchmark without platform marginal cost, a binding cap on the com-
mission now affects not only the division of surplus between firms and the platform, but
also whether the platform can cover its own per-transaction cost cp. As in Subsection 4.1,
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once the cap binds the platform chooses α to implement the most profitable feasible price.
The difference is that the relevant objective is now

(τ̄ p− cp)
(
1− F (p)n

)
,

so the platform’s desired price is pm(cp/τ̄) rather than the constant target pm(0) from
the benchmark.

As the cap is tightened, this desired price rises, while the feasible price interval shifts
down. When the cap first binds, the desired price lies below the feasible set, so the
platform chooses the lowest feasible price. As the cap is tightened further, the desired
price becomes feasible and is implemented by an interior recommendation rule, implying
that tighter caps raise equilibrium prices in this region. For tighter caps still, the desired
price exceeds the feasible set, so the platform chooses the highest feasible price. If the
cap becomes too tight, the platform exits altogether.

Thus, unlike in the benchmark, tighter commission caps need not lower prices or
raise consumer surplus monotonically. Prices first fall below the unregulated benchmark
level pm(c + cp), then rise as the cap tightens further, return exactly to pm(c + cp) at
τ̄ = τ ∗∗∗ = cp/(c + cp), and then fall again before trade ceases altogether. Consumer
surplus is therefore non-monotone as well: a tighter cap can make consumers worse off
than a looser one, even though every capped equilibrium price remains weakly below the
unregulated benchmark price.

Figure OA.5 illustrates these comparative statics in the uniform example. When the
cap first binds, platform profits fall and consumer surplus rises. In the interior-price
region, tighter caps raise the equilibrium price and reduce consumer surplus. For tighter
caps still, the platform switches to the highest feasible price; eventually the cap becomes
so tight that the platform exits and all surplus falls to zero.

OA.6 Wolinsky benchmark without recommendation
design

Consider the standard Wolinsky search model with a central platform that sets only a
commission τ ∈ [0, 1). The platform does not rank products and does not otherwise steer
demand. This benchmark isolates fee setting from the recommendation mechanism in
the main text.

Set-up. There are n ≥ 2 firms, each producing one product at marginal cost c > 0.
For a representative consumer, match values vi are i.i.d. according to F on [v, v̄], with
density f , where f is continuously differentiable on [v, v̄]. The timing is as follows. First,
the platform chooses τ . Second, firms set prices. Third, consumers sequentially search
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Figure OA.5: Commission caps: Payoffs with positive marginal costs of platforms

F ∼ U [0, 1], n = 5, c = 0.2, cp = 0.1. Lower τ̄ corresponds to a tighter cap.

across products and learn prices and match values. Each search costs s. Attention is
restricted to symmetric equilibria. Consumers maximize utility, firms maximize profits,
and the platform maximizes its commission revenue.

Consumer behavior. Assume that s > 0 is such that the equation below has a solution
x̂ ∈ (v, v̄) with f(x̂) > 0, and define∫ v̄

x̂

(v − x̂) dF (v) = s. (OA.25)

Following Wolinsky (1986), if a consumer has already inspected product i, then she
continues to search if and only if

x̂− p∗ > vi − pi,

where p∗ denotes the expected equilibrium price. Moreover, a consumer starts searching
if and only if

x̂ ≥ p∗.

Pricing subgame for a given commission. Fix τ . Firm i solves

max
pi

(
(1− τ)pi − c

)
Di ⇐⇒ max

pi

(
pi −

c

1− τ

)
Di.
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Hence, a commission τ induces a standard Wolinsky pricing game with effective marginal
cost

c̃(τ) :=
c

1− τ

instead of c. Wolinsky (1986) shows that any symmetric equilibrium price p∗ must satisfy

p∗ − c

1− τ
= µn(p

∗; x̂), (OA.26)

where
µn(p; x̂) :=

1− F (p)n

f(x̂)
(
1− F (x̂)n

)
1− F (x̂)

− n
∫ x̂

p
F (v)n−1f ′(v) dv

. (OA.27)

Throughout this subsection, we assume, for simplicity, that the FOC (OA.26) is neces-
sary and sufficient for a symmetric pricing equilibrium and that the platform-preferred
equilibrium is implemented.

Platform: commission choice. Suppose the platform wants to implement a symmet-
ric price p ≤ x̂. Then (OA.26) requires

τ(p) = 1− c

p− µn(p; x̂)
. (OA.28)

Conditional on consumer participation, the platform therefore solves

max
p≤x̂: p−µn(p;x̂)≥c

(
1− c

p− µn(p; x̂)

)
p
[
1− F (p)n

]
. (OA.29)

Thus, the platform chooses the commission indirectly by choosing which symmetric price
p ≤ x̂ to implement.

The next result shows that, for sufficiently large n, the platform pushes the induced
price to the participation boundary.

Proposition 17 (Comparative Statics in n)
Suppose

c < x̂− 1− F (x̂)

f(x̂)
.

Then there exists N̄ such that, for all n ≥ N̄ ,

p∗ = x̂ and CSn = 0.

Proof. Since supp≤x̂ F (p)
n = F (x̂)n → 0, we have 1 − F (p)n → 1 uniformly in p ≤ x̂.
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Moreover, since F (v) ≤ F (x̂) < 1 for all v ∈ [v, x̂],

sup
p≤x̂

n

∫ x̂

p

F (v)n−1|f ′(v)| dv ≤ nF (x̂)n−1

∫ x̂

v

|f ′(v)| dv → 0.

Hence, uniformly in p ≤ x̂,

µn(p; x̂) →
1− F (x̂)

f(x̂)
.

Also,
sup
p≤x̂

nF (p)n−1|f(p)| → 0 and sup
p≤x̂

nF (p)n−1|f ′(p)| → 0.

Together with the preceding convergence, these bounds imply that ∂pµn(p; x̂) → 0 uni-
formly. Hence, differentiating the objective in (OA.29) shows that its derivative converges
uniformly on the feasible set to

1 +

c
1− F (x̂)

f(x̂)(
p− 1− F (x̂)

f(x̂)

)2 ,

which is strictly positive. Moreover, p−µn(p; x̂) is strictly increasing in p for all sufficiently
large n (recall that ∂pµn(p; x̂) → 0), so the feasible set is an interval. Therefore, for all
sufficiently large n, the objective in (OA.29) is strictly increasing on the feasible set.

The maintained condition
c < x̂− 1− F (x̂)

f(x̂)

implies that p = x̂ is feasible for all sufficiently large n, since µn(x̂; x̂) → (1−F (x̂))/f(x̂).
Hence, for all n large enough, the platform chooses the largest feasible participating price,
namely p∗ = x̂.

At p∗ = x̂, expected consumer surplus from entering is zero. Hence CSn = 0.

The result shows that an increase in the number of firms can raise prices and re-
duce consumer surplus, even when the platform only sets fees and does not manipulate
recommendations. For large n, the purchase probability becomes close to one at any
participating price. Once the boundary price p = x̂ is implementable, the platform there-
fore prefers the highest price consistent with consumer participation and drives consumer
surplus to zero. Thus, the forces in Proposition 4 are not driven solely by recommen-
dation design. They also reflect the platform’s role as an intermediary: as more firms
participate, access to the platform becomes more valuable, which allows the platform to
extract a larger share of consumer surplus.
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