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Abstract

A large body of literature studies the fundamental trade-offs of product information provi-
sion. However, much of this work treats prices as non-informative: pricing affects demand, but
is not modeled as a signal about quality. To fill this gap, we study the joint design of information
and pricing in markets for vertically differentiated products whose quality is privately observed
by sellers. Each seller commits ex ante to a joint information–pricing mechanism that maps
quality into a distribution over signal–price pairs, allowing the posted price itself to also convey
information. We begin with a monopoly setting. We show that information design is payoff-
irrelevant for the seller: any information structure attains the optimal revenue when paired with
a price proportional to the induced posterior-mean quality. The monopoly analysis allows the
buyer to be privately informed about her willingness to pay. We then turn to oligopoly com-
petition in which sellers simultaneously choose such joint information–pricing mechanisms. We
establish that the family of transparent contingent-pricing mechanisms is best-response-closed:
against any profile of rival mechanisms, each seller has a best response that fully reveals qual-
ity and posts a deterministic quality-dependent price. In the resulting symmetric equilibrium,
the pricing rule, which may not be monotone, coincides with the bid-shading function in a
private-values first-price auction. When the quality distribution is log-concave, this pricing rule
is strictly increasing, and the price alone reveals quality: the market needs no disclosure beyond
the price tag. This equilibrium outcome is efficient: the buyer purchases the highest-quality
product almost surely, and social welfare is first-best. Compared with fixed-price benchmarks
with restricted disclosure, pricing flexibility triggers over-competition: each seller adopts trans-
parent contingent pricing willingly, yet in thick markets every seller earns less than under a
fixed-price regime, while buyers gain and social welfare rises. Finally, we discuss extensions
with ex ante asymmetric sellers and with privately informed buyers.

1 Introduction

Posted prices do more than transfer surplus between buyers and sellers. When product quality is
uncertain, a price can also supplement what a buyer learns from descriptions, inspections, reviews,

1



and other disclosures. Firms may be unable to commit literally to an immutable price scheme,
but their pricing policies often remain stable over economically meaningful horizons, all the more
so as pricing is delegated to algorithms. Buyers can therefore learn how a seller maps product
characteristics into prices by combining prior purchase experience with public information and the
seller’s reputation. Once that mapping becomes predictable, the price of a newly listed product
provides a basis for inferring quality that has not been disclosed directly. The economically relevant
commitment is thus not that a seller can never revise his prices, but that persistent pricing practices
make current prices interpretable in light of past behavior.

Prices, however, are only one of the channels through which buyers learn. Consumers also
encounter carefully curated disclosures: specifications, images, feature comparisons, warranties,
and return policies, spread across retailer websites, search engines, social media, and online mar-
ketplaces. The rise of AI-powered shopping assistants further amplifies both the volume and the
salience of such seller-provided information. Emerging “shopping agents” embedded in chat inter-
faces can generate product recommendations and present structured summaries of attributes and
reviews, effectively intermediating how consumers compare and evaluate options.

The practical importance of product information provision has motivated a large literature
investigating its fundamental trade-offs. In monopoly settings, additional disclosure can sharpen
screening and price discrimination, but may also deter consumers who learn an unfavorable match
(Bergemann et al., 2015). In oligopoly settings, competition reshapes these incentives: firms may
disclose aggressively to steal demand, or strategically obfuscate to soften price competition (Hwang
et al., 2026).

However, much of this literature treats pricing as orthogonal to information provision: prices
affect payoffs and choice, but are not modeled as signals that are deliberately correlated with
product quality and interpreted in light of a seller’s pricing practice. This abstraction excludes
the inference described above. Once prices carry information, the seller must design disclosure and
pricing jointly, because the buyer’s belief responds to both instruments at once.

To fill this gap, we study the joint design of pricing and information disclosure in markets
for vertically differentiated products with uncertain quality. Each seller first commits to a joint
information–pricing mechanism, a rule that maps quality into a joint distribution over signal–price
pairs. Such joint commitment is increasingly literal in online marketplaces: automated pricing sys-
tems and pre-specified product-display pipelines jointly determine both the prices buyers face and
the information they see, with little manual intervention at the level of an individual transaction.
A priori, permitting arbitrary joint design of signals and prices creates a very large strategy space:
sellers can garble quality in subtle ways, correlate price with disclosure, and randomize across dif-
ferent message formats. We show that in both monopoly and competition, this complexity largely
collapses.
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Monopoly. We begin with a monopoly setting in which a single seller faces a buyer whose
willingness to pay may be privately known. The seller commits to an arbitrary joint information–
pricing mechanism before observing his realized quality. Our main monopoly result shows that
information design is payoff-irrelevant once prices can track beliefs: any information structure, from
no disclosure to full disclosure, attains the optimal revenue when paired with a price proportional
to the induced posterior-mean quality. Importantly, two endpoints of this continuum stand out
as simple direct forms. With no disclosure, beliefs never move, and the rule collapses to a single
posted price. With full disclosure, the posterior mean equals realized quality, and the rule becomes
transparent contingent pricing: a deterministic price that scales with quality. This result is robust
to allowing the buyer to have private information about willingness to pay.

Competition. We then turn to oligopoly competition with multiple sellers who simultaneously
choose information–pricing mechanisms. The buyer observes the realized signal–price pair from each
seller and chooses the option that delivers the highest nonnegative net value. In this environment,
we find that, holding rivals fixed, a seller affects the buyer only through the net utility he can
deliver (expected quality minus price). We show that, given any other sellers’ strategies, each seller
has a best response within the family of transparent contingent pricing (TCP), under which the
seller fully reveals his realized quality and posts a deterministic quality-dependent price. We then
fully characterize the resulting TCP equilibrium strategy, which coincides with the bid-shading
function from a private-values first-price auction. This auction connection emerges because sellers
effectively “bid” by leaving surplus to the buyer in order to increase their chance of winning the
sale. This equilibrium outcome is efficient: the buyer purchases the highest-quality product almost
surely, the outside option is not chosen, and social welfare is first-best.

The equilibrium characterization yields additional implications. First, when the equilibrium
pricing rule is strictly increasing, the price alone reveals quality: the buyer simply inverts the
rule, and the price tag replaces disclosure altogether. Monotonicity, however, is not automatic:
equilibrium prices need not be monotone in realized quality: higher-quality sellers may optimally
charge lower prices in regions where incremental quality provides little competitive differentiation.
We provide an exact condition on the quality distribution under which equilibrium prices are
increasing in quality, and a convenient sufficient condition based on the log concavity of the prior
distribution; outside this class, implementing the transparent outcome requires a disclosure channel
alongside prices. Second, competition pushes prices down rapidly as the number of sellers grows.
We characterize the rate at which equilibrium markups shrink in thick markets and show how the
limiting surplus is divided: buyer surplus approaches the top of the quality support while per-seller
revenues vanish much faster.

Decision-space comparisons. Because many platforms and regulators restrict either pricing
flexibility or disclosure rules, we compare equilibrium outcomes across different seller decision
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spaces. Specifically, we contrast our unrestricted joint design environment with two canonical
fixed-price benchmarks that are widely used in models of price competition with quality hetero-
geneity. Under no disclosure with a fixed price, products are ex-ante homogeneous to the buyer
and the interaction reduces to Bertrand competition (Tirole, 1988, Ch. 5), yielding a zero price
and full market coverage but poor selection among heterogeneous qualities. Under full disclosure
with a fixed price, the buyer is perfectly informed and would choose the best quality conditional
on trade, but price rigidity generates an exclusion region: trade fails whenever the best available
realized quality falls below the common posted price, a force closely related to full-information price
competition with vertical differentiation (Perloff and Salop, 1985). We show that, in contrast, the
unrestricted joint design environment achieves full market coverage and the first-best allocation:
pricing flexibility eliminates exclusion, and disclosure (endogenously) supports efficient selection.

The comparison also highlights that efficiency and revenue need not move together. Allowing
quality-contingent pricing intensifies the “race to win” by enabling sellers to tailor how much surplus
they leave to the buyer, which can compress equilibrium markups relative to fixed-price competition
in thick markets. As a result, for sufficiently many sellers (under mild regularity conditions),
per-seller revenue under full disclosure with a fixed price is higher than under the unrestricted
joint design environment, even though the latter is always more efficient. This reversal is over-
competition: adopting transparent contingent pricing is individually optimal for every seller, yet
once all sellers do so, each earns less than under price rigidity. Buyer surplus shows the mirror
pattern: in thin markets the zero-price regime can dominate, while in thick markets the value of
information becomes first-order and the buyer prefers regimes that rank realized quality.

We also show that the shape of the quality distribution determines which competitive friction
binds, competition against the outside option or competition against rivals, and can thereby reverse
revenue and surplus rankings across decision spaces. To illustrate these forces concretely, we analyze
a one-parameter power-law distribution and provide a uniform-duopoly example that also includes
an intermediate regime in which sellers can design information but must post a single fixed price,
as in Hwang et al. (2026).

Extensions. Finally, we extend the competitive analysis along two dimensions. First, we allow
sellers to be ex-ante asymmetric. There also exists an equilibrium in which all sellers use transparent
contingent pricing, even with heterogeneous quality distributions. Second, we allow the buyer to be
privately informed about her valuation. In this case, transparent contingent pricing need not be an
equilibrium. We show that whenever an equilibrium exists, one exists in garbled contingent pricing
(GCP) mechanisms: each seller chooses a distribution over posterior means (a mean-preserving
contraction of the prior, in the sense of Blackwell, 1951) and then posts a deterministic price as
a function of the realized posterior mean. We also identify a tractable duopoly example with a
uniform quality prior and a binary buyer type, in which full revelation together with a linear price
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schedule remains an equilibrium.

Roadmap. Section 3 characterizes optimal joint information–pricing mechanisms in the monopoly
environment. Section 4 studies oligopoly competition and characterizes the transparent contingent
pricing equilibrium and its asymptotic behavior. Section 5 compares equilibrium outcomes across
decision spaces that restrict pricing flexibility or disclosure. Section 6 extends the oligopoly anal-
ysis to asymmetric sellers and privately informed buyers, and Section 7 concludes. All proofs are
provided in the appendix.

2 Related Literature
Information Design. We model strategic disclosure using the Bayesian persuasion framework
(Kamenica and Gentzkow, 2011), which has inspired a large literature on information design (see
Bergemann and Morris, 2019; Kamenica, 2019; Candogan, 2020 for surveys). Relative to the canon-
ical formulation, we adopt a slightly expanded perspective in which a seller commits not only to
what information to disclose, but to an information–pricing joint mechanism. Equivalently, one
may treat the seller’s revealed “signal” as a pair consisting of a message and an associated price
quote.

Our oligopoly analysis in Section 4 contributes to the literature on competitive information
design, a branch of information design that studies strategic information provision by multiple
senders competing to influence a receiver’s decision. This literature can be broadly divided into
two strands: (i) each sender discloses information about his own state (Boleslavsky and Cotton,
2015; Jain and Whitmeyer, 2019; Au and Kawai, 2020; Du et al., 2024); and (ii) all senders disclose
information about a common state (Gentzkow and Kamenica, 2016, 2017; Ravindran and Cui,
2020; Hossain et al., 2024). Our work belongs to the first strand. Each seller privately observes the
realized quality of his product, and his disclosure policy depends only on this privately observed
state. Our main departure from the existing literature is that each seller chooses a joint information
and pricing mechanism, which maps realized product quality into a joint distribution over signal–
price pairs.

Information Design in Monopoly In the canonical monopoly-pricing setting without infor-
mation design, a buyer has a private valuation and the seller maximizes revenue by posting the
Myerson price (Myerson, 1981; Maskin and Riley, 1984). Bergemann et al. (2015) extend this
framework by introducing a third-party information designer who can achieve objectives beyond
seller revenue maximization through market segmentation.

In practice, sellers may also be privately informed, in the sense that they privately know the
qualities of their products. The buyer’s utility depends on both product quality and her private
willingness to pay. Agrawal et al. (2023) consider such a setting and focus on a monopolist who lacks
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ex-ante knowledge of the buyer’s type distribution and must learn it through repeated interactions.
We also consider the monopoly setting. By contrast, we assume the distribution is known and focus
on the seller’s most general decision problem: a mapping from quality to a joint distribution over
signals and prices. We show that such a broad decision space collapses during optimization, and
the seller’s optimal expected revenue can be achieved by an arbitrary information structure paired
with a price proportional to the posterior mean.

Ling et al. (2024) also study the joint design of information and pricing in a dynamic monopoly
environment, showing that when the seller can price dynamically, the optimal information policy
is fully revealing, which is closely aligned with our findings in Section 3. Their setting differs from
ours in that they consider a continuous-time monopoly with finite inventory and socially learning
customers who update beliefs from an initial public signal and subsequent purchase histories.

Information Design in Oligopoly Our competition analysis follows the Bertrand framework,
in which multiple sellers compete for the sale by simultaneously setting prices. When sellers offer
identical products, price competition drives equilibrium prices down to marginal cost. Hotelling
(1929) introduces product differentiation in a one-dimensional spatial framework, whereas Perloff
and Salop (1985) studies it in a discrete-choice framework with idiosyncratic consumer tastes. Both
show that product differentiation softens competition and enables sellers to sustain prices above
marginal cost. Closer to our vertical-quality environment, Spulber (1995) studies homogeneous-
good Bertrand competition in which each firm privately observes its own cost, so the lowest-price
firm serves the entire market. Using techniques from low-bid auctions, Spulber characterizes the
unique symmetric equilibrium: firms price above cost by a markup that shrinks as competition
intensifies. In the special case of constant marginal cost and perfectly inelastic demand, his equi-
librium is, in effect, the procurement counterpart of our TCP schedule, with a low cost playing the
role of a high quality. The resemblance ends where our question begins, however: Spulber’s infor-
mation environment is fixed—firms choose only prices, consumers make no inference, and there is
nothing to disclose. Our sellers instead start from the far larger space of arbitrary joint signal–price
mechanisms, and our central result is that they lose nothing by forgoing all of it for transparent
contingent pricing. Wolinsky (1983) studies price competition in a market where each firm chooses
product quality endogenously at different costs and then posts a deterministic price under im-
perfect consumer information. Consumers do not observe quality directly; instead, they infer it
through the posted price, which serves as the firm’s signaling instrument (on top of any background,
product-specific noisy information consumers may obtain). They show that a fulfilled-expectations
separating equilibrium exists in which each quality level is associated with a unique posted price. In
contrast, in our setting, quality is exogenously random, and each seller chooses a joint information–
pricing mechanism (allowing for randomized disclosure and pricing). The canonical price-signaling
literature develops the no-commitment side of this question. Milgrom and Roberts (1986) show
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that a monopolist introducing a new experience good may signal quality through its introductory
price together with dissipative advertising, with the direction of the price distortion determined
by how production costs vary with quality. Bagwell and Riordan (1991) show that when higher
quality carries a higher unit cost, the monopolist signals it with a supra-monopoly introductory
price that declines as more consumers become informed. In both models the seller cannot commit
to a pricing rule, so separation rests on costly distortions and on refinements that discipline off-path
beliefs. Our sellers instead commit ex-ante to an observable mechanism, which turns prices from
costly signals into exact, distortion-free carriers of information.

More recently, the literature has shifted toward studying how sellers endogenously determine
product differentiation through strategic signaling. Armstrong and Zhou (2022) extend the Hotelling
model by introducing a centralized information designer who solves for optimal information struc-
tures. In contrast, based on the Perloff-Salop model, Hwang et al. (2026) consider a game where
each seller individually controls signaling about his own product quality. In their setting, sellers can
only post a uniform price and cannot tailor it based on the realized state. They provide a structural
characterization of the symmetric pure-price equilibrium, in which sellers generally refrain from full
revelation and set a fixed price pinned down by a first-order condition. Closest in spirit is Ivanov
(2013), who studies sellers that simultaneously choose how much information to reveal about their
own product and a uniform price. There, the hidden variable is the buyer’s idiosyncratic match
value (unknown even to the seller), disclosure is restricted to a one-parameter rotation-ordered fam-
ily of signals, and the price is a non-contingent scalar that carries no information; full disclosure
emerges as the unique symmetric equilibrium only when the number of sellers is sufficiently large,
and it fails even in duopoly. We instead let each seller commit to an arbitrary joint distribution
over signal–price pairs, so the posted price is itself an informative, quality-contingent signal, and
transparent contingent pricing arises for every number of sellers.

Li et al. (2025) study a vertically differentiated duopoly in which a third-party designer commits
to a public disclosure policy about qualities before firms price: revealing only the quality rank-
ing softens price competition and maximizes industry profit, while full concealment is consumer-
optimal. The contrast with our setting is twofold: their disclosure is centralized and public, and
their firms hold no private information—the public signal is all anyone observes—whereas our sellers
each privately observe quality and individually design joint information–pricing mechanisms. Our
work extends this literature by endowing sellers with full flexibility in signaling and state-dependent
pricing. Unlike Hwang et al. (2026), we show that when sellers have full flexibility, full information
together with deterministic state-dependent pricing forms an equilibrium.

Joint Design of Information and Pricing. To the best of our knowledge, the papers closest to
ours are Lingenbrink and Iyer (2019) and Sun et al. (2024), which likewise allow the most general
form of joint information–pricing design: a mechanism mapping states to a joint distribution
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over signal–price pairs. Lingenbrink and Iyer (2019) consider information design and pricing in an
M/M/1 queueing setting, and show that the optimal revenue can be achieved by either information
design with a single posted price or by transparent contingent pricing. Our monopoly analysis
delivers a similar message in a stripped-down environment: both mechanisms attain the optimal
revenue.

Sun et al. (2024) study a single sender facing multiple receivers, where the sender chooses a
mechanism mapping the state into a joint distribution over signals and prices. In their setting,
a coordination friction across receivers makes information design with a single price outperform
transparent contingent pricing. Both papers, however, feature a single seller or sender: neither
studies the joint design problem under competition. By contrast, in our oligopoly competition
model, we show that transparent contingent pricing is a weakly dominant strategy in the full joint
mechanism space. In this sense, transparent contingent pricing is “better” than information design
with a single posted price in competitive markets.

3 Monopoly

We first study the monopoly benchmark and show that information design is payoff-irrelevant: any
information structure attains the optimal revenue when paired with a price proportional to the
posterior mean, and the price alone can then replace the signal (Theorem 1 and Corollary 1).

3.1 The Setup

There is one seller (he) who sells a product to a unit-demand buyer (she). The seller’s product
has quality Q, drawn from prior distribution F ∈ ∆([0, 1]).1 The buyer has an outside option
normalized to 0 and a private type θ, drawn from distribution G ∈ ∆([θ, θ]) where [θ, θ] ⊆ R+.2

As for utilities, if the buyer purchases the product of realized quality q at price p, her payoff
is θq − p and the seller’s payoff is p; otherwise, both receive 0. We assume both parties are risk
neutral, and ties are broken in the seller’s favor: if the buyer is indifferent, she buys.

Seller’s strategy. The seller can use the price itself as a signal of product quality, thereby jointly
designing information disclosure and pricing. Specifically, we take the signal space S to be standard
Borel and the price space to be the compact interval P := [0, p], where p > θ. The seller commits
ex-ante to a mechanism which maps realized qualities to a joint distribution over signal–price pairs.
Denote the space of such joint mechanisms by

M :=
{

(S, κ) : S is standard Borel and κ : [0, 1] → ∆(S × P) is a stochastic kernel
}
. (1)

1Throughout the paper, ∆(·) denotes the set of all probability distributions; unless specified otherwise, a distri-
bution is represented by its cumulative distribution function (CDF).

2The type θ represents the buyer’s marginal rate of substitution between utility and quality (Tirole, 1988).
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Given any realized quality q, the seller sends the buyer a signal-price pair (s, p) with probability
κ((s, p) | q). When there is no risk of confusion, we write κ to denote the entire mechanism (S, κ).

Buyer’s action. Due to the buyer’s quasi-linear utility, both the seller and the buyer care about
the posterior belief only through its mean. Upon observing the pair (s, p), the buyer forms the
posterior mean m := E[Q | (s, p)] via Bayes’ rule, and purchases the product, rather than choosing
the outside option, if and only if θ ≥ p/m.3 Under the seller-preferred tie-breaking, the purchase
probability is denoted by Ḡ(p/m) := PrG{θ ≥ p/m}.

Seller’s problem. The seller’s problem is to find the best joint mechanism κ∗ ∈ M to maximize
the revenue, i.e., κ∗ is a solution to the following problem

κ∗ ∈ argmax
κ∈M

R(κ) := Eq∼F, (s,p)∼κ(·|q)
[
p · Ḡ

( p
m

)]
. (Pmono)

3.2 Prices Suffice as Signals under Optimal Mechanisms

We show that any feasible information structure can be paired with a pricing rule that depends
only on the realized posterior mean to attain the optimal revenue.

Theorem 1 (Optimal mechanism under monopoly). An optimal solution to Problem Pmono com-
bines an arbitrary information structure with a pricing rule that depends only on the posterior
mean: for every posterior mean m, an optimal pricing rule is

p∗(m) = θ∗m where θ∗ ∈ argmaxθ∈[θ,θ] θ Ḡ(θ).

Theorem 1 shows that the seller’s choice of information structure does not affect the optimal
revenue, provided that the posted price adjusts proportionally to the realized posterior mean. The
next corollary establishes a stronger implementation result: the auxiliary signal can be suppressed
without changing the buyer’s purchase decision or the seller’s revenue.

Corollary 1 (Price sufficiency under monopoly). Suppose θ∗ > 0, and fix any information structure
paired with the pricing rule p∗(m) = θ∗m of Theorem 1. Suppressing the auxiliary signal and posting
only the price leaves the buyer’s purchase decision and the seller’s revenue unchanged: because p∗

is one-to-one in m, the posted price reveals the realized posterior mean, which is the only payoff-
relevant statistic for the buyer.

Price sufficiency is a statement about the auxiliary signal, not about quality: the price reveals
exactly as much about quality as the chosen information structure discloses. Under full disclosure,
the price is one-to-one in realized quality and reveals it; under no disclosure, the single posted price
θ∗m0 reveals only the prior mean—consistent with the optimality of no disclosure plus a single

3When m = 0, we adopt the convention p/m := +∞ for p > 0 and 0/0 := 0: the buyer never pays a positive price
for a product known to be worthless, and at a zero price the seller’s revenue is zero either way, so the convention is
immaterial for revenue.
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price. What the corollary rules out is any role for a separate signal alongside the price.
Price sufficiency means that restricting attention to mechanisms in which the posted price is

the only observable message entails no loss in optimal revenue. This is an optimal-implementation
result: under the monopolist’s optimal joint design of information and pricing, active disclosure
becomes redundant, because the committed pricing rule allows the posted price to serve simulta-
neously as a transfer and as a sufficient signal of all payoff-relevant information.

The proof reduces each realized signal–price pair (s, p) to the posterior mean m and the induced
purchase cutoff θ̃ = p/m for m > 0: the buyer purchases if and only if θ ≥ θ̃, and the seller’s
conditional revenue is mθ̃Ḡ(θ̃). This reduced form separates the posterior mean from the cutoff
choice, so the seller optimally selects the cutoff θ∗ ∈ argmaxθ∈[θ,θ] θḠ(θ) after every posterior
realization and charges θ∗m. Further, by Bayes plausibility, every mechanism yields revenue at most
m0θ

∗Ḡ(θ∗), and the proportional pricing rule attains this bound under any information structure.
Moreover, when θ∗ > 0, the rule p∗(m) = θ∗m is one-to-one in m. The buyer can therefore

infer the posterior mean directly from the posted price. Because only the posterior mean enters
her expected utility, a separate signal conveys no additional payoff-relevant information.

4 Competition

We now turn to oligopoly markets in which multiple sellers compete for a single buyer by simul-
taneously choosing joint mechanisms. First, we prove the existence of a symmetric equilibrium in
which sellers adopt a transparent contingent pricing mechanism (Theorem 2). Unlike in monopoly,
a price-only implementation requires the equilibrium pricing rule to be one-to-one, with strict log-
concavity providing a sufficient condition (Proposition 1). Finally, we characterize the asymptotic
equilibrium behavior as the number of competing sellers grows sufficiently large (Proposition 2).

4.1 The Setup

We consider n ≥ 2 ex-ante homogeneous sellers, indexed by i ∈ [n], who compete for a single unit-
demand buyer. Each seller i offers one product with quality Qi, which is privately observed by that
seller. Qualities Q1, . . . , Qn are i.i.d. from prior distribution F ∈ ∆([0, 1]) with a strictly positive
density f (i.e., ex-ante symmetric sellers). The buyer has an outside option normalized to 0. We
assume that the buyer’s type is degenerate, i.e., θ = θ, which we normalize to one without loss of
generality; the buyer thus holds no private information. In Section 6, we relax the assumptions of
ex-ante symmetry across sellers and a degenerate buyer type.

Seller’s strategy. As in the monopoly setting, each seller simultaneously commits ex-ante to a
mapping from his realized qualities to a joint distribution over signals and prices. Specifically, each
seller chooses a strategy κi ∈ M, where M is defined in (1); in particular, every posted price lies
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in the compact set P = [0, p], with p > θ = 1 in the present section.

Buyer’s action. Upon observing seller i’s realized signal-price pair (si, pi), the buyer forms
a posterior belief about Qi via Bayes’ rule. Let mi := E[Qi | (si, pi)] denote the corresponding
posterior mean quality. The buyer’s net utility from purchasing seller i’s product is Bi := mi − pi.
The buyer chooses a seller from arg maxj∈[n]Bj if maxj∈[n]Bj ≥ 0; otherwise she takes the outside
option whose value is normalized to zero. Ties between the outside option and purchasing from one
of the sellers are broken in favor of sellers. For ties among sellers, we adopt the convention that,
when analyzing a fixed seller i, ties are resolved in favor of seller i; the payoff expression below
embeds this convention.4

Seller’s payoff. For any seller i under a strategy profile (κi, κ−i), denote the highest net payoff
among the other sellers by B−i := maxj ̸=iBj . Let

H(b) := Pr{B−i ≤ b} = Pr{max
j ̸=i

Bj ≤ b}

be the probability of beating all rivals (not including the outside option) when seller i offers the
buyer a net utility of b. Since qualities are i.i.d. and each seller’s mechanism depends only on his
own quality, B−i is independent of seller i’s signal-price pair (si, pi). Thus, seller i wins the game
if and only if Bi ≥ max{0, B−i}, so his ex-ante expected revenue is

Ri(κi, κ−i) := E[pi · 1{Bi ≥ max{0, B−i}}] = E[pi · 1{Bi ≥ 0} ·H(Bi)] .

Solution concept. We focus on pure Nash equilibrium (hereafter, equilibrium). A profile κ∗ =
(κ∗

1, . . . , κ
∗
n) ∈ Mn forms an equilibrium if and only if, for every seller i and every alternative

mechanism κi ∈ M, strategy κ∗
i is a best response, i.e.,

Ri(κ∗
i , κ

∗
−i) ≥ Ri(κi, κ

∗
−i).

That is, fixing the other sellers’ committed mechanisms κ∗
−i, no seller can increase his expected

revenue by unilaterally switching to a different joint information–pricing mechanism.

Timing. We summarize the timeline of the game as follows:

(i) Each seller commits ex-ante to a joint information-pricing mechanism κi ∈ M.

(ii) Each seller privately observes his quality Qi, drawn from the prior F . Each seller sends a
signal-price pair (si, pi) to the buyer according to the committed mechanism κi(· | Qi).

(iii) The buyer updates her posterior belief about each seller’s product based on the observed
4The convention matters only off path, when rivals’ mechanisms place an atom on the highest rival score: under a

less favorable tie-breaking rule the seller’s supremum need not be attained, and Theorem 2(i) should then be read in
its ε-best-response form (see the footnote to the theorem). On path in the equilibrium of Theorem 2(ii), the induced
score distribution is atomless, so seller–seller ties occur with probability zero and every tie-breaking rule yields the
same outcome.
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message (si, pi), through Bayes’ rule.

(iv) The buyer chooses the seller with the highest net utility or the outside option. Ties are broken
according to the way mentioned above.

4.2 Equilibrium as Transparent Contingent Pricing

Before characterizing equilibrium in the enlarged mechanism space M, we first establish that the
added pricing flexibility is economically substantive. The following example shows that, in the
uniform-duopoly environment of Hwang et al. (2026), the fixed-price equilibrium ceases to be stable
once sellers can commit to quality-contingent pricing schemes.

Example 1 (Fixed-price equilibrium fails). There are two sellers whose qualities are i.i.d. from
the uniform distribution U [0, 1]. Sellers can design information but are restricted to fixed prices.
Hwang et al. (2026) show that there exists a unique symmetric equilibrium, consisting of a partial-
disclosure policy G∗ and a fixed price p̄ = 3−

√
5

2 (see their Example 1). Under this equilibrium, each
seller’s expected revenue is 5

√
5 − 11. However, this equilibrium does not survive in our enlarged

space M. Suppose seller 1 uses strategy (G∗, p̄). Seller 2 deviates to the following pricing scheme:

p̃(q) =


q, if 0 ≤ q < a,

q + a

2 , if a ≤ q ≤ 1,
where a = 7 − 3

√
5

2 .

Note that p̃(·) is strictly increasing on [0, 1]. Hence, after observing the posted price p̃(q), the buyer
can invert the pricing rule and recover the realized quality q. The posted price itself therefore serves
as a fully revealing signal.

Seller 2’s expected revenue from the deviation is 101−43
√

5
24 > 5

√
5 − 11. □

Once sellers can commit to quality-contingent prices, the fixed-price equilibrium is no longer
robust. Moreover, when the price scheme is strictly monotone, the posted price itself fully reveals
the realized quality. Thus, prices serve not merely as transfers in this environment, but also as
part of the information structure. At first glance, this richer decision space seems to introduce
substantial strategic complexity. However, our main result shows that this complexity collapses in
equilibrium. In the unrestricted mechanism space, there exists a symmetric equilibrium in which
every seller adopts a transparent contingent pricing mechanism as defined below.

Definition 1 (Transparent contingent pricing (TCP)). A mechanism κ is called transparent contin-
gent pricing if it (i) fully reveals the realized quality, and (ii) posts a deterministic quality-contingent
price. Formally, S = [0, 1], and there exists a measurable function p : [0, 1] → P such that

κ ((q, p(q)) | q) = 1, ∀q ∈ [0, 1].

The seller separates the informational and pricing roles of the joint mechanism when adopting
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the above kind of strategy. On the information side, he makes product quality fully transparent.
On the pricing side, the seller extracts revenue through a deterministic price schedule p(q) that
adjusts to the realized quality.

This form of mechanism is common in markets where product attributes are explicitly displayed,
and prices vary with those attributes. For example, online used-car platforms often truthfully dis-
close objectively verifiable attributes, such as mileage, model year, accident history, and inspection
results, while allowing prices to adjust to the vehicle’s underlying condition.

Theorem 2 (Equilibrium as transparent contingent pricing). For the oligopoly market, we have

(i) Given any other sellers’ strategies (i.e., the competitive environment), each seller has a best
response that falls within the family of transparent contingent pricing mechanisms.5

(ii) There exists a symmetric equilibrium in which every seller fully reveals realized quality and
adopts the deterministic quality-dependent pricing scheme:

p∗(q) :=
∫ q

0 F (t)n−1 dt

F (q)n−1 , ∀q ∈ (0, 1]. (2)

The net utility left for the buyer b∗(q) := q− p∗(q) is strictly increasing on (0, 1], so the buyer
almost surely purchases the highest-quality product and never selects the outside option.

Hereafter, we refer to the equilibrium characterized above as the TCP equilibrium.
The theorem delivers two complementary conclusions. First, against any profile of rival mech-

anisms, a seller can attain a best response by fully revealing his realized quality and tailoring the
price to both quality and the competitive environment. Second, these best responses are mutually
consistent: there exists a symmetric equilibrium in which all sellers fully reveal quality and use
the same closed-form pricing scheme. The key message is that competition eliminates the strategic
value of quality garbling: regardless of rivals’ strategies, a seller can disclose quality transparently
and compete entirely through quality-contingent prices.

The force behind transparent contingent pricing is that, conditional on rivals’ strategies, the
buyer evaluates seller i only through the net utility she receives, Bi = mi − pi. Seller i is chosen
if and only if Bi ≥ max{0, B−i}, so any signal–price pair (si, pi) matters only through the net
utility it induces. Fix the rivals’ mechanisms. Conditional on quality qi, seller i faces a standard
win–margin tradeoff: he chooses a buyer net utility b ∈ [0, qi] to maximize (qi −b)H(b), where qi −b

is his margin conditional on being chosen and H(b) is the probability of winning. Leaving more
surplus to the buyer raises the probability of winning but reduces the price upon winning.

More generally, a joint information–pricing mechanism induces a distribution over buyer net
utilities conditional on each qi. The seller’s expected revenue is linear in this distribution and can

5Under the seller-favorable tie convention of Section 4.1. Under an arbitrary tie-breaking rule, the statement holds
in the following form: for every ε > 0, the seller has an ε-best response within the family, and an exact best response
exists whenever the rivals’ induced score distribution is atomless—as it is in the equilibrium of part (ii).
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be represented as an average of (qi−b)H(b). Randomization or information garbling therefore offers
no additional benefit once H is fixed: for each qi, the seller can select a deterministic maximizer
b(qi) ∈ [0, qi]. This choice is implemented directly through transparent contingent pricing by
revealing qi and charging pi(qi) = qi − b(qi).

Moreover, Theorem 2 has several additional implications:

(i) A large mechanism space collapses. Although each seller may commit to an arbitrary joint
information–pricing mechanism, Theorem 2 shows that additional signaling or randomization
provides no revenue advantage over transparent contingent pricing.

(ii) Sellers compete by leaving surplus. Under transparent contingent pricing, sellers compete
through the net utility left to the buyer. In symmetric equilibrium, b∗(·) is strictly increasing,
so the highest-quality seller leaves the highest net utility and is chosen almost surely.

(iii) Connections to first-price auctions. A seller with quality qi chooses b by trading off the
margin qi − b against the probability of winning, exactly as a bidder with value qi chooses a
bid in a first-price auction. Consequently, b∗(qi) = qi − p∗(qi) coincides with the symmetric
equilibrium bidding function for n i.i.d. bidders with values distributed according to F , while
p∗(qi) equals the corresponding amount of bid shading.

Remark 1 (Equilibrium multiplicity and selection). Theorem 2 establishes existence, not unique-
ness; other equilibria may arise. Nevertheless, transparent contingent pricing is a natural selection:
against every rival profile, a seller attains his best-response payoff within this family (part (i)), so
garbling cannot strictly improve his payoff on or off the equilibrium path. Within TCP, the score
reduction links symmetric equilibria to those of a first-price auction. Characterizing multiplicity
and its implications for buyer payoffs is a promising direction.

Finally, it is worth noticing that the equilibrium pricing function p∗(·) in (2) need not be
monotone in quality. Consequently, a seller with a higher realized quality may charge a lower price,
and posted prices need not preserve the ranking of underlying qualities. The next result provides
an exact characterization of price monotonicity.

4.3 Monotone Prices Suffice as Signals

When the equilibrium price schedule is one-to-one, the posted price itself reveals quality; otherwise,
a separate quality signal remains necessary. This property need not hold in equilibrium in general,
and we provide both an exact characterization and a convenient sufficient condition for it.

Proposition 1 (Monotone prices suffice as signals). The equilibrium pricing rule p∗ in (2) is
strictly increasing everywhere if and only if

∫ q
0 F (t)n−1 dt is strictly log-concave in q.6 In this case,

the TCP equilibrium in Theorem 2 admits a price-only implementation: sellers need not send a
6A positive function h is strictly log-concave on an interval if log h is strictly concave.
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separate quality signal, because the buyer can recover qi by inverting p∗(qi). A sufficient condition
is that F is strictly log-concave on (0, 1], which is implied by strict log-concavity of the density f .
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(c) Equilibrium pricing p∗(q)

Figure 1: Relationship between equilibrium pricing p∗ and prior distribution F

Note. Consider the prior family F (q) = q · eα(q2−1). For α = 0, the log-concavity of f(q) serves as a sufficient
condition for the log-concavity of F (q), ensuring a monotonic p∗(q). For α = 0.5, although the density f(q) is
no longer log-concave, the CDF F (q) remains log-concave, which is sufficient to preserve the monotonicity of the
equilibrium pricing rule. For α = 3.5, both f(q) and F (q) violate log-concavity, and this loss of regularity leads
to a non-monotone equilibrium pricing function.

Proposition 1 clarifies when equilibrium prices inherit the natural ordering of quality. In our
equilibrium, a seller with realized quality q wins with probability F (q)n−1 and earns expected
revenue

∫ q
0 F (t)n−1 dt, so the posted price can be written as (2). A higher q increases both the

numerator (the expected payoff from winning) and the denominator (the probability of winning).
Nonmonotonicity arises when, in some region, the probability of winning increases relatively faster
than the cumulative gains from winning, so the ratio (2) declines. In that case, a higher-quality
seller optimally posts a lower price: to secure the sale, it is more effective to concede the surplus to
the buyer for winning rather than relying on the incremental quality advantage. The log-concavity
condition in Proposition 1 rules out exactly this reversal.

Moreover, when p∗ is strictly increasing, the posted price itself fully reveals quality: observ-
ing p∗(q) allows the buyer to invert the pricing rule and recover the realized quality q. Separate
disclosure is therefore redundant, and transparent contingent pricing reduces to pure price signal-
ing. Unlike in classical price-signaling models, nothing here rests on off-path belief refinements or
dissipative distortions: the pricing rule is committed and observable, so the buyer simply inverts
it. Log-concavity of the prior is also a standard regularity condition in auction and mechanism-
design models. Hence, in many commonly studied regular environments, prices suffice as signals:
additional disclosure does not affect the induced allocation or equilibrium payoffs.

Figure 1 provides a concrete example in which monotonicity fails (e.g., the case α = 3.5):
when the quality distribution places substantial mass near the top, many sellers are clustered at
high qualities, so incremental improvements in q provide limited differentiation. In that region,
competition primarily operates through surplus concessions, which can translate into lower posted
prices even as quality increases.
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4.4 Asymptotic Equilibrium Behavior

A central question in competitive information design is how intensified competition reshapes the
allocation of surplus and the role of information (see Au and Kawai (2020); Hwang et al. (2026)).
This subsection studies the asymptotic behavior of the transparent contingent pricing equilibrium
as the number of symmetric sellers grows.

We use the following notation. Let Q(i;n) denote the ith-largest value among all realized qualities
Q1, · · · , Qn i.i.d. from prior F . Regarding the equilibrium outcome for sufficiently large n, we obtain
the following results.

Proposition 2 (Asymptotic equilibrium behavior). Suppose the prior density f is strictly positive,
bounded, and continuous. For the equilibrium with n sellers obtained in Theorem 2, we have

(i) The equilibrium pricing function under the equilibrium with n sellers, rewritten as p∗
n(q),

uniformly converges to the zero function at a rate of Θ(1/n); moreover, pointwise,7

p∗
n(q) ∼ 1

n
· F (q)
f(q) , ∀q ∈ (0, 1].

(ii) The buyer’s ex-ante expected utility is denoted by Ugen(n), which takes the form

Ugen(n) = E[Q(2;n)], with 1 − Ugen(n) ∼ 1
n

· 2
f(1) .

(iii) Each seller’s ex-ante expected utility is denoted by Rgen(n), which takes the form

Rgen(n) =
E[Q(1;n)] − E[Q(2;n)]

n
∼ 1
n2 · 1

f(1) .

(iv) The ex-ante expected social welfare, i.e., the sum of the buyer’s and all sellers’ utilities, is
denoted by SWgen(n), which takes the form

SWgen(n) = E[Q(1;n)], with 1 − SWgen(n) ∼ 1
n

· 1
f(1) .

In sum, as the number of sellers grows, competition progressively erodes quality differentiation,
and the market asymptotically approaches a Bertrand-like environment in which quality advantages
generate vanishing markups.

First, part (i) shows that competition forces equilibrium prices toward zero as the number of
sellers grows. The ratio F (q)/f(q), which is the reciprocal of the reverse hazard rate, summarizes
how much “nearby” competition a seller faces from slightly lower qualities: when f(q) is large,
many rivals are likely to have quality close to q from below, so the top seller cannot sustain much
markup and must post a lower price to fend off nearby competitors. The key point is the 1/n factor:
with more sellers, the sustainable markup shrinks proportionally to 1/n, uniformly over q ∈ [0, 1].

7Throughout this paper, the notation xn ∼ yn denotes asymptotic equivalence, defined as limn→∞
xn
yn

= 1.
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Second, part (ii) characterizes how the buyer benefits from this intensified competition. At
equilibrium with n sellers, the buyer’s ex-ante expected utility equals the expected second-highest
quality, which corroborates the revenue equivalence theorem (Myerson, 1981). To see this, note that
the buyer’s utility in our setting corresponds to the auctioneer’s revenue in a first-price auction.
By revenue equivalence, first-price and second-price auctions generate the same expected revenue
for the auctioneer, and the second-price auction’s payment is the second-highest value—here, the
second-highest quality. In other words, full pricing flexibility hands the buyer exactly the surplus
she would obtain from running a second-price auction among the sellers. Intuitively, the buyer can
credibly compare many close substitutes, so the winning seller must price aggressively, leaving the
buyer with almost the entire surplus when n is large enough. The constant f(1) matters because
it captures how much probability mass lies near the top of the support: when f(1) is larger, it is
more likely that multiple sellers draw qualities very close to 1, which further increases competitive
pressure and pushes the buyer’s payoff closer to 1.

Finally, parts (iii) and (iv) describe how the remaining surplus is split and how welfare converges.
Because the best and second-best qualities become very close when n is large, total seller revenue
is tiny and each individual seller’s expected utility is even smaller. Meanwhile, social welfare is
simply the expected best available quality since the buyer always purchases and chooses the seller
with the highest quality.

5 Comparison with Fixed-Price Benchmarks

We now compare our oligopoly setting to two canonical benchmarks that are widely used in price
competition with quality differentiation: (i) no disclosure with fixed prices, and (ii) full disclosure
with fixed prices. These benchmarks are also natural from a regulatory perspective: platforms and
regulators routinely constrain sellers’ pricing flexibility (e.g., minimum-advertised-price policies,
price-parity clauses, and marketplace rules mandating a uniform price across listings) and their
information power (e.g., mandatory disclosure and standardized labeling rules for product quality).

In summary, our comparison clarifies how constraining sellers along these two dimensions
changes market outcomes. Most notably, granting every seller full pricing flexibility can improve
market efficiency (Proposition 3), yet, in sufficiently thick markets, it lowers each seller’s revenue
relative to the fully constrained benchmark featuring full disclosure and fixed pricing (Proposi-
tion 4). Although such flexibility is attractive to an individual seller, its market-wide adoption
intensifies competition and further compresses equilibrium revenues, leaving all sellers collectively
worse off—an over-competition effect to which we return after Example 2.

Specifically, we compare equilibrium outcomes using four ex-ante metrics: (i) Market coverage
MC: the probability that the buyer purchases from some seller (rather than the outside option);
(ii) Buyer surplus U: the buyer’s expected equilibrium net utility; (iii) Per-seller revenue R: a
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representative seller’s expected equilibrium revenue; (iv) Social welfare SW := U + n · R. For the
unrestricted mechanism space M with n sellers, we denote the resulting equilibrium outcomes by
MCgen(n), SWgen(n), Ugen(n), and Rgen(n), respectively.

Benchmark 1: No disclosure with fixed prices. Let Mnf be the decision space, where
sellers are prohibited from any disclosure and can only post a constant price that is independent
of quality. Since sellers cannot affect the buyer’s beliefs, all sellers are ex-ante identical from the
buyer’s perspective. The induced pricing game therefore reduces to canonical Bertrand competition
with homogeneous goods (e.g., (Tirole, 1988, Ch. 5)), which has a unique symmetric equilibrium
price p∗

nf = 0. Hence, trade always occurs, but the outcome may not be efficient because the buyer
does not have enough information to select the best product. As for equilibrium outcomes,

MCnf(n) = 1, Unf(n) = E[Q], Rnf(n) = 0, SWnf(n) = E[Q].

Benchmark 2: Full disclosure with fixed prices. Let Mff be the decision space, where
sellers are compelled to provide full disclosure and post a constant price. Given a common price p,
the buyer purchases if and only if Q(1;n) ≥ p and, conditional on purchasing, selects the highest-
quality seller. This benchmark closely relates to the Perloff–Salop model (Perloff and Salop, 1985),
augmented with an outside option. Our comparisons below rely on the following maintained as-
sumption.

Assumption 1 (Benchmark equilibrium in Mff). For every n ≥ 2, the game with decision space
Mff admits a symmetric pure-strategy equilibrium, and its price p∗

ff is the unique solution of the
first-order condition (FOCff), displayed below.

Under Assumption 1, the equilibrium price is characterized by

p∗
ff = (1 − F (p∗

ff)n) /n
F (p∗

ff)n−1f(p∗
ff) + (n− 1)

∫ 1
p∗

ff
F (x)n−2f(x)2 dx

. (FOCff)

Given such an equilibrium price p∗
ff , the four metrics are

MCff(n) = Pr{Q(1;n) ≥ p∗
ff} = 1 − F (p∗

ff)n, Uff(n) = E
[(
Q(1;n) − p∗

ff
)

+

]
,

Rff(n) = p∗
ff
n

Pr{Q(1;n) ≥ p∗
ff} = p∗

ff
n

(
1 − F (p∗

ff)n), SWff(n) = E
[
Q(1;n) · 1{Q(1;n) ≥ p∗

ff}
]
.

Metric 1: Market coverage MC and social welfare SW. We first examine market coverage
and social welfare. Together, these metrics summarize the efficiency of trade: market coverage
captures the extensive margin of whether trade occurs, whereas social welfare additionally captures
the allocative margin of whether the buyer purchases the highest-quality available product.

Proposition 3. Suppose Assumption 1 holds. The following statements hold for market coverage
and social welfare:
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(i) 1 = MCgen(n) = MCnf(n) > MCff(n) for any n.

(ii) SWgen(n) > max{SWnf(n), SWff(n)} for any n.

(iii) There exists N ∈ Z+ such that SWff(n) > SWnf(n) for any n > N .

The comparison is driven by two frictions: information (whether the buyer can learn from
sellers’ signals and identify the best product) and price rigidity (whether sellers can tailor prices
to their own realized qualities). In our unrestricted space M, each realized quality q is mapped to
a nonnegative buyer net utility b∗(q) = q − p∗(q) ≥ 0, so the outside option is never chosen and
MCgen(n) = 1. Moreover, b∗(·) is strictly increasing, so the buyer selects the highest-quality seller
almost surely. Because transfers cancel in welfare, this yields the first-best allocation and hence
SWgen(n) = E[Q(1;n)].
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Figure 2: Market coverage and social welfare across different settings (fix a and vary n)
Note. We adopt a prior F (q) = qa for all q ∈ [0, 1] with a power parameter a ∈ {0.1, 1.0, 2.0}. It holds
MCgen = MCnf = 1 and SWgen > max{SWnf , SWff} across all settings. For any fixed a, as n increases, MCff
converges to 1 and SWff converges to SWgen both with a rate depending on a.

By contrast, the two fixed-price benchmarks each remove one of these margins. Under Mnf ,
market coverage is also one (Bertrand competition drives price to 0), but the buyer remains un-
informed and therefore cannot systematically select the best realization; consequently, SWnf(n) =
E[Q] < E[Q(1;n)] for n ≥ 2. Under Mff , the buyer is perfectly informed and would select the best
quality if trade occurs, but the common posted price cannot adjust to realized quality. As a result,
trade fails whenever Q(1;n) < p∗

ff , which occurs with positive probability in any finite-n equilibrium.
This is why MCff(n) < 1 and the corresponding welfare SWff(n) falls short of the first best E[Q(1;n)].

Finally, part (iii) formalizes that the welfare loss from price rigidity is primarily a finite-
competition phenomenon. As n grows, the best available quality Q(1;n) concentrates near the top of
the support, and competitive pressure in the fixed-price game makes market exclusion increasingly
unlikely. We provide an illustration of the welfare and market-coverage comparison in Figure 2.

Metric 2: Per-seller revenue R. The seller revenue is shaped by how intensely sellers compete
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for the sale. In our setting, a seller’s pricing incentives are disciplined by two margins. At the
extensive margin, the seller must beat the outside option to induce trade. At the intensive margin,
the seller must beat rival offers to win the market. Both margins are governed by the same
primitives: the number of sellers n and the distribution of qualities F .

Proposition 4. Suppose Assumption 1 holds. For per-seller revenue, we have:

(i) 0 = Rnf(n) < min{Rff(n),Rgen(n)} for any n.

(ii) Suppose the prior density f satisfies: (a) f is continuous and strictly positive on [0, 1] (hence
bounded and bounded away from zero); (b) f is continuously differentiable around x = 1; and
(c) f(1)2 > f ′(1), which holds whenever f is log-concave. There exists a threshold N ∈ Z+

such that Rff(n) ≥ Rgen(n) for all n ≥ N .

Part (i) is immediate. Under Mnf , Bertrand competition forces p∗
nf = 0, so each seller’s expected

revenue is identically zero. By contrast, under Mff and M, trade in equilibrium (when it occurs)
involves a strictly positive expected payment, so each seller earns strictly positive ex-ante revenue
for any finite n.
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Figure 3: Seller revenue comparison across different settings (fix a and vary n)
Note. We adopt a prior F (q) = qa for all q ∈ [0, 1] with a power parameter a ∈ {0.1, 1.0, 2.0}. It holds Rnf = 0
across all settings. When a and n are both sufficiently small (a = 0.1, n ≤ 14), Rff < Rgen.For any fixed a, it
emerges that Rff > Rgen as n becomes sufficiently large (larger than threshold N).

Part (ii) highlights a seller-side cost of expanded pricing flexibility. When n is large, the outside
option becomes increasingly irrelevant in Mff because Q(1;n) concentrates near the top of the
support, so the equilibrium is primarily pinned down by inter-seller competition. In this regime,
allowing transparent contingent pricing in M intensifies the “race to win” by letting sellers tailor
the buyer’s net utility to realized quality (equivalently, sellers compete in the surplus they leave the
buyer). As a result, equilibrium markups are compressed more strongly than under a fixed-price
constraint, and per-seller revenue eventually becomes weakly lower under M than under Mff . We
provide further numerical illustration in Figure 3.

In Figure 3, we compare revenues across different values of n under a power-law distribution.
The figure suggests that when both a and n are small, the per-seller revenue under full disclosure
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with a fixed price (the space Mff) is lower than the revenue in our setting with a general decision
space. The intuition is that for small a and n, Rff is depressed by price rigidity, which induces
substantial market exclusion (the extensive margin dominates). As n grows and exclusion becomes
negligible, the intensive margin dominates, and the revenue ranking in part (ii) emerges.

Metric 3: Buyer surplus U. The buyer surplus is shaped by two forces. First, it depends on the
quality of the purchased product, which is higher when the buyer can identify and select the best
realization among sellers. Second, it depends on the equilibrium payment, which is endogenously
disciplined by competition.

Proposition 5. Suppose Assumption 1 holds and the density f is continuous and strictly positive
on [0, 1]. For buyer surplus, the following statements hold:

(i) There exists a threshold N1 ∈ Z+ such that

Unf(n) ≥ Ugen(n), ∀n < N1 and Unf(n) ≤ Ugen(n), ∀n > N1.

(ii) There exists a threshold N2 ∈ Z+ such that Unf(n) < Uff(n) for any n > N2.

(iii) Suppose f is continuously differentiable around 1 and f(1)2 > f ′(1), which holds whenever f
is log-concave. There exists a threshold N3 ∈ Z+ such that Ugen(n) > Uff(n) for all n > N3.

The proposition highlights a “thin-market vs. thick-market” contrast. Under Mnf , Bertrand
competition drives price to zero, this zero-price advantage usually dominates when n is small: with
few sellers, the expected gain from identifying the best realization is limited, so paying nothing
usually outweighs the informational benefit.

As n increases, however, the value of information becomes first-order. In both Mff and M, the
buyer can effectively rank sellers by realized qualities, so selection improves with market thickness.
At the same time, competition among sellers suppresses equilibrium prices (and under Mff also
reduces the incidence of market exclusion). These forces eventually overturn the Mnf advantage,
leading to parts (i) and (ii).

Finally, part (iii) compares the two full-information regimes. Even though both Mff and M
allow the buyer to identify the top quality, M gives sellers additional pricing flexibility. This flexi-
bility intensifies inter-seller competition—sellers can tailor prices to realized quality and effectively
compete in the net utility they leave the buyer—which compresses markups relative to a fixed-price
constraint. Under mild regularity, this pro-competitive effect dominates for large n, so the buyer
eventually prefers M over Mff . Figure 4 provides a numerical illustration for finite n under a
power-law distribution.

Benchmark 3: Arbitrary disclosure with fixed prices. Beyond the two polar benchmarks
Mnf and Mff , Hwang et al. (2026) studies the model of arbitrary disclosure with fixed prices,
in which sellers can commit to an arbitrary information structure but are restricted to a single
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Figure 4: Buyer surplus comparison across different settings (fix a and vary n)
Note. We adopt a prior F (q) = qa for all q ∈ [0, 1] with a power parameter a ∈ {0.1, 1.0, 2.0}. It holds Unf is
constant across all settings. When n becomes sufficiently large, the inequality Ugen > Uff > Unf holds, with the
gap |Ugen − Uff | vanishing. When n is sufficiently small, Unf becomes the largest.

constant price that is independent of quality. Denote this decision space by Mif . The equilibrium
in this space is intricate and does not admit a simple characterization, especially when buyers have
outside options, as in our setting; see Hwang et al. (2026). Thus, we use an example to illustrate
how allowing information design without pricing flexibility compares to the regimes studied above.

Example 2 (Uniform duopoly). Consider a duopoly with two sellers whose qualities are indepen-
dently and identically distributed as Q1, Q2 ∼ U [0, 1]. Table 1 summarizes equilibrium outcomes
under the four decision spaces (our general space and three fixed-price benchmarks).

Table 1: Comparison of equilibrium outcomes (n = 2, F = U [0, 1])

Space p∗ MC U R SW

Mnf 0 1.000 0.500 0.000 0.500
Mff 0.414 0.828 0.276 0.172 0.619
Mif 0.382 0.944 0.269 0.180 0.630
M q/2 1.000 0.333 0.167 0.667

In Mnf , Bertrand competition drives the common posted price to 0, so trade occurs surely and
the buyer obtains the mean quality E[Q] = 1/2. In Mff , full transparency combined with a fixed
posted price creates an exclusion region: whenever both realizations fall below the posted price, the
buyer opts out, which lowers market coverage and welfare relative to regimes with flexible pricing.

The intermediate space Mif illustrates how information design can partially mitigate this ex-
clusion effect even when prices are rigid. By pooling sufficiently low-quality realizations with better
ones, sellers can raise the trade probability and achieve higher per-seller revenue than under Mff .
At the same time, because the buyer’s purchase decision need not be ex post incentive compatible,
it generates lower surplus U than the full-disclosure benchmark.

Finally, in our general space M, sellers can jointly adjust disclosure and prices to realized
quality. As shown in Theorem 2, transparent contingent pricing delivers full market coverage and
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the first-best allocation (the highest quality is purchased), yielding SWgen = E[Q(1;2)] = 2/3. In this
duopoly example, the added pricing flexibility also sharpens inter-seller competition and reduces
per-seller revenue relative to Mff and Mif . For the buyer, M dominates the other informative
regimes in Table 1, while Mnf yields the highest buyer surplus here because the zero-price effect is
first-order in a thin market. □

Table 1, together with Example 1, provides a clear illustration of the over-competition effect.
Under the fixed-price regime Mif , each seller benefits from unilaterally deviating to transparent
contingent pricing, as his revenue increases from 0.180 to 0.202 (Example 1). However, when both
sellers have this flexibility, each earns only 0.167, less than under either Mif (0.180) or mandated
full disclosure (0.172). Thus, individually attractive flexibility becomes collectively harmful. Sellers
face a prisoner’s dilemma in which price rigidity serves as a collective commitment device. Propo-
sition 4(ii) shows that this effect is a general feature of sufficiently thick markets rather than an
artifact of the example. A platform that mandates uniform pricing may therefore protect sellers
from excessive competition, albeit at buyers’ expense.

6 Extensions to Oligopoly Competition

This section extends our oligopoly analysis along two dimensions. In Section 6.1, we show that
transparent contingent pricing remains an equilibrium even when sellers have heterogeneous quality
distributions (Proposition 6). In Section 6.2, we introduce buyer-side private information. We first
show that the general mechanism space reduces to garbled contingent pricing, in which each seller
garbles his quality and prices the induced posterior mean (Proposition 7), and we then characterize
when full revelation survives as an equilibrium through the convexity of the posterior-mean value
function (Proposition 8).

6.1 Ex-ante Asymmetric Sellers

We now relax the ex-ante symmetry assumption among sellers while maintaining the benchmark
assumption that the buyer has no private information, θ = θ̄ = 1. Specifically, seller i’s quality is
independently drawn from a possibly different distribution Fi on [0, 1].

The previous analysis relies heavily on symmetry to obtain a closed-form pricing rule. The next
result shows that symmetry is not essential for the equilibrium disclosure structure: even when
sellers have heterogeneous quality distributions, full revelation remains optimal in equilibrium.

Proposition 6 (TCP equilibrium under asymmetric sellers). Suppose the buyer has no private
information. For any collection of independent quality distributions (F1, . . . , Fn), where each Fi is
atomless and admits a continuous strictly positive density on [0, 1], there exists an equilibrium in
transparent contingent pricing mechanisms defined in Definition 1.
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This proposition shows that ex-ante asymmetry affects equilibrium pricing but not the equi-
librium disclosure structure. Because the buyer’s type is degenerate, all sellers’ offers are ranked
according to a common score, bi = mi − pi, which is independent of sellers’ identities and prior
distributions. Hence, the pricing problem is equivalent to an asymmetric first-price auction in
which sellers compete by choosing the net utility left to the buyer. Therefore, the existence of an
equilibrium in the corresponding asymmetric auction directly implies the existence of a transpar-
ent contingent pricing equilibrium, in which each seller fully reveals quality and adjusts his price
accordingly.

However, unlike the i.i.d. benchmark, asymmetric first-price auctions generally do not admit
closed-form solutions: equilibrium bidding strategies are characterized by a system of coupled
differential equations that must be solved jointly, except in special cases such as n = 2 (see Maskin
and Riley (2000a)).

6.2 Privately Informed Buyer

We now allow the buyer to have a nondegenerate private type θ ∼ G ∈ ∆([θ, θ]), independently of
(Q1, . . . , Qn). This extension captures heterogeneity in the marginal value buyers assign to product
quality. A buyer with a larger θ is willing to sacrifice more income for a quality improvement,
whereas a buyer with a smaller θ places greater relative weight on price.

The buyer’s private information changes the competitive problem in a fundamental way. With
a degenerate buyer type, every offer can be ranked by the type-independent score, i.e., the net
utility left for the buyer mi − pi. With a nondegenerate type, the difference between two offers
is θ(mi − mj) − (pi − pj), whose sign may vary with θ. The same pair of offers can therefore be
ranked differently by different buyer types, and the seller’s problem no longer collapses to a single
one-dimensional bid. However, we can perform the following equivalent reduction.

Definition 2 (Garbled contingent pricing (GCP)). A mechanism is a garbled contingent pricing
mechanism if the seller chooses an information structure πi : [0, 1] → ∆(Si) and a deterministic
pricing rule pi : Si → P. Given quality qi, the seller draws si ∼ πi(· | qi) and posts the price pi(si).

Let MPC(F ) denote the set of all mean-preserving contraction distributions for prior F . A
canonical GCP mechanism is then summarized by a feasible posterior-mean distribution H ∈
MPC(F ) and a deterministic price function p(m) based on posterior mean m.

Proposition 7 (Reduction to garbled contingent pricing). The following statements hold.

(i) Each mechanism in Mgen admits an outcome-equivalent representation as a GCP mechanism.

(ii) Fix seller i and an arbitrary profile κ−i of rivals. Let Πi(m, p;κ−i) denote seller i’s expected
revenue from inducing posterior mean m and posting price p. Define the pointwise optimized
revenue Vi(m;κ−i) := supp∈P Πi(m, p;κ−i). Restricting attention to GCP mechanisms entails
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no loss of achievable revenue:

sup
κi∈Mgen

Ri(κi, κ−i) = sup
H∈MPC(F )

∫
[0,1]

Vi(m;κ−i) dH(m).

Although GCP substantially narrows the form of an optimized deviation, a full equilibrium
characterization remains difficult. We therefore turn to a natural benchmark that isolates the re-
maining role of information design. To determine whether transparent contingent pricing continues
to arise with a privately informed buyer, we introduce an auxiliary full-information pricing game in
which every seller is compelled to fully reveal realized quality and can choose only a deterministic
quality-contingent price function χi : [0, 1] → P.

This auxiliary game provides a necessary benchmark for any TCP equilibrium of the general
mechanism game. If a profile of transparent contingent pricing mechanisms constitutes an equilib-
rium of the general game, the associated price functions must form an equilibrium of the auxiliary
game. The converse need not hold. We therefore proceed in two stages: first characterize equilibria
of the full-information pricing game, and then determine which of them remain stable when sellers
can also design information. If the auxiliary game has no equilibrium, or if none of its equilibria
satisfies the survival condition developed below, then we can conclude that the general mechanism
game admits no TCP equilibrium.

Proposition 8 (When full-information equilibrium survives). Suppose the full-information pricing
game admits a symmetric equilibrium χ∗. Assume that F is atomless with full support on [0, 1].
Fix seller i, hold all rivals at full revelation and χ∗, and define the posterior-mean value function

V (m) := sup
p≥0

p · Pr
θ∼G, Q−i∼F n−1

(
θm− p ≥ max

{
0,max

j ̸=i

(
θQj − χ∗(Qj)

)})
.

Then the full revelation strategy together with χ∗ constitutes a symmetric equilibrium of the general
mechanism game if and only if the function V is convex on [0, 1].

The characterization above nests the baseline model considered in Section 4 as a special case.
When the buyer’s type is degenerate, the posterior mean quality plays the same role as the realized
quality in the full-information pricing game. In particular, when θ ≡ 1, the posterior-mean value
function under the TCP equilibrium characterized in Theorem 2 reduces to V (m) =

∫m
0 F (t)n−1 dt,

which is convex almost everywhere. Therefore, the convexity condition in Proposition 8 is always
satisfied, and the TCP equilibrium survives in the general mechanism space.

With private buyer types, the posterior-mean value function V (m) need not be convex. Con-
sequently, full revelation and the associated transparent contingent pricing equilibrium may fail
to survive in some instances. The next example first identifies a structured environment in which
it does, thereby showing that private buyer information does not by itself eliminate transparent
contingent pricing.
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Example 3 (Full revelation under a binary private buyer type). Consider a duopoly in which
sellers’ qualities are independently and identically distributed according to the uniform distribution
on [0, 1]. The buyer has a binary private type, θ ∈ {θl, θr}, where 0 < θr/2 ≤ θl < θr and
Pr{θ = θr} = λ ∈ (0, 1). Let a∗ ∈ (0, θl) be the unique solution to

1 = a∗
(

λ

θr − a∗ + 1 − λ

θl − a∗

)
.

Then the full-information pricing game admits a symmetric equilibrium with a linear pricing rule
χ∗(q) = a∗q. Moreover, the associated posterior-mean value function is

V (m) = a∗m2, ∀m ∈ [0, 1].

Since V is convex, Proposition 8 implies that full revelation together with the linear pricing rule χ∗

remains a symmetric equilibrium of the general mechanism game.

The uniform-prior example shows how full revelation can survive private buyer information.
This property is not generic. The following example constructs a regular i.i.d. environment in
which the posterior-mean value function is locally concave and pooling is strictly profitable.

Example 4 (An example where full revelation fails in equilibrium). There are two ex-ante sym-
metric sellers whose qualities are independently and identically distributed according to

F (q) = q

(
20 − 9q2

11

) 3
26
(
q2 + 5

6

)− 55
26

, q ∈ [0, 1].

The buyer’s private type is independent of product qualities and satisfies Pr
{
θ = 5

9

}
= Pr{θ = 1} =

1
2 . In the full-information pricing game, the symmetric pricing rule χ∗(q) = q

3 + q3

15 constitutes an
equilibrium. Nevertheless, this equilibrium does not survive in the general mechanism space: a seller
can profitably pool all qualities in [8/9, 1] and post a single price contingent on the posterior mean
induced by the pooled signal.

The positive and negative examples isolate the role of the posterior-mean value function. Under
the uniform prior, the posterior-mean value function V (m) = a∗m2 is convex, so the seller prefers
the dispersion generated by full revelation. In Example 4, the function V (m) is locally concave
over (8/9, 1), so pooling these high qualities raises the seller’s optimized payoff.

Private buyer information therefore changes the equilibrium role of disclosure. Because the
buyer’s ranking of offers depends on her type, a seller may use garbling to reshape which buyer
types are attracted by a given price. Full revelation is not generally without loss, even under ex-
ante symmetry, i.i.d. qualities, and a regular full-support prior. At the same time, private buyer
information does not invariably eliminate transparent contingent pricing.
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7 Conclusion

We study markets in which privately informed sellers commit to mechanisms that jointly govern
what buyers learn and what they pay. The analysis delivers three results. For a monopolist,
information design is payoff-irrelevant: any disclosure policy attains the optimal revenue once
the price moves proportionally with the induced posterior mean. Under competition, the vast
mechanism space collapses to transparent contingent pricing: whatever rivals do, a seller loses
nothing by fully revealing his quality and pricing deterministically, and in the resulting symmetric
equilibrium the buyer purchases the best available product at first-price-auction markups. Besides,
when the prior is log-concave, the price tag alone carries all quality information. Comparing
decision spaces, pricing flexibility raises social welfare and, in thick markets, buyer surplus, yet
leaves every seller with less revenue than a fixed-price regime would: an over-competition effect
whereby individually optimal flexibility is collectively self-defeating for sellers. Once pricing is
flexible, disclosure mandates are redundant because competition itself makes sellers transparent;
rules that freeze prices instead restore the strategic value of obfuscation. A platform’s incentive
to permit contingent pricing depends on whether it profits from transaction volume or from seller
revenue.
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A Proofs of Section 3

Proof of Theorem 1. The proof first derives an upper bound on the seller’s revenue conditional
on each realized message. We then aggregate this bound using Bayes plausibility and show that it
is attained by pairing any feasible information structure with proportional posterior-mean pricing.

Step 1: Derive a messagewise upper bound. This step bounds the seller’s revenue after
each realized signal–price pair. The key is to express the conditional revenue as the posterior mean
multiplied by a one-dimensional cutoff-revenue term.

Fix an arbitrary mechanism κ ∈ M. Under the joint distribution induced by κ, quality is drawn
according to q ∼ F , and the signal–price pair is subsequently drawn according to (s, p) ∼ κ(· | q).
Fix a realized pair (s, p) and write m := m(s, p) for the induced posterior mean.

If m > 0, the buyer purchases if and only if her type exceeds the cutoff τ := p/m. Because θ is
independent of both quality and the mechanism’s randomization, observing (s, p) does not change
its distribution. Hence, letting Rev(s, p) denote the seller’s expected revenue conditional on the
realized message (s, p), we have

Rev(s, p) = Eθ∼G[p · 1{θm ≥ p}] = p · Ḡ(τ) = m · τḠ(τ).

The maximum defining θ∗ is attained: θ 7→ θḠ(θ) is upper semicontinuous on the compact
interval [θ, θ], because Ḡ(θ) = PrG{θ′ ≥ θ} is nonincreasing and left-continuous. By the definition
of θ∗, τḠ(τ) ≤ θ∗Ḡ(θ∗) for every τ ≥ 0. This comparison also covers cutoffs outside the support
of G: Ḡ(τ) = 1 for τ < θ, whereas Ḡ(τ) = 0 for τ > θ. If m = 0, the conditional revenue is zero,
because a positive price induces no purchase and a zero price generates no revenue. Therefore,
every realized message satisfies

Rev(s, p) ≤ m(s, p) · θ∗Ḡ(θ∗).

Step 2: Aggregate the upper bound. This step converts the messagewise bound into an
ex-ante revenue bound. We take expectations under the joint distribution induced by F and κ and
then apply the law of iterated expectations.

For any κ ∈ M, we obtain the following upper bound on expected revenue

R(κ) = Eq∼F, (s,p)∼κ(·|q)[Rev(s, p)]

≤ θ∗Ḡ(θ∗) · Eq∼F, (s,p)∼κ(·|q)[m(s, p)]

= θ∗Ḡ(θ∗) · Eq∼F, (s,p)∼κ(·|q)[E[q | s, p]]

= θ∗Ḡ(θ∗) · Eq∼F [q]

= m0θ
∗Ḡ(θ∗),

where m0 := Eq∼F [q]. Because κ ∈ M was arbitrary, no joint information–pricing mechanism can
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generate expected revenue above m0θ
∗Ḡ(θ∗).

Step 3: Attain the bound under any information structure. We next establish that the
upper bound is tight for every feasible information structure. We pair an arbitrary information
structure with a deterministic price proportional to its induced posterior mean.

Fix any feasible information structure (S, π), where q ∼ F and s ∼ π(· | q). Let m(s) := E[q | s]
denote the posterior mean under the joint distribution induced by F and π. Construct a joint
mechanism κπ that draws s according to π(· | q) and posts the deterministic price p∗(m(s)) :=
θ∗m(s). Because the posted price is a deterministic function of s, observing the pair (s, p∗(m(s)))
leaves the posterior mean equal to m(s).

Whenever m(s) > 0, the pricing rule induces the purchase cutoff p∗(m(s))/m(s) = θ∗. When
m(s) = 0, the posted price is also zero, so this realization contributes no revenue. Using the
independence of θ from (q, s), the induced joint mechanism earns

R(κπ) = Eq∼F, s∼π(·|q), θ∼G[θ∗m(s) · 1{θ ≥ θ∗}]

= θ∗ · Eθ∼G[1{θ ≥ θ∗}] · Eq∼F, s∼π(·|q)[m(s)]

= θ∗Ḡ(θ∗) · Eq∼F, s∼π(·|q)[E[q | s]]

= θ∗Ḡ(θ∗) · Eq∼F [q]

= m0θ
∗Ḡ(θ∗).

Thus, the proportional pricing rule attains the upper bound under every feasible information
structure. Consequently,

max
κ∈M

R(κ) = m0θ
∗Ḡ(θ∗),

and the seller solves Problem Pmono by charging p∗(m) = θ∗m after every posterior mean m.

B Proofs of Section 4

Proof of Theorem 2. The proof has two parts. First, fixing the rivals’ mechanisms, we reduce
seller i’s problem to a statewise choice of the buyer’s net utility and show that the resulting upper
bound is attained by transparent contingent pricing, proving part (i). Second, we derive and verify
a symmetric pricing rule whose induced score is strictly increasing, so the highest-quality seller
wins almost surely and the outside option is never chosen, proving part (ii).

Step 1: Reduce the joint mechanisms to scores. The first step is to show that, holding the
rivals’ mechanisms fixed, an arbitrary joint information–pricing mechanism affects seller i’s revenue
only through the net utility it induces for the buyer.

Fix seller i and an arbitrary strategy profile κ−i of rival mechanisms. Let (si, pi) denote seller
i’s realized signal–price pair, let mi := E[qi | si, pi] be the induced posterior mean, and define
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Bi := mi −pi as the buyer’s net utility from seller i, which we also refer to as seller i’s score. Recall
that H(b) is the probability that a nonnegative score b weakly exceeds all rival scores.

Conditional on (si, pi), both pi and Bi are fixed. Moreover, seller i’s message is independent
of the rivals’ realized offers. For expositional convenience and to ensure that a best response is
attained even when the distribution of rival scores has atoms, we use the seller-favorable tie-breaking
convention of Section 4.1. Specifically, when evaluating seller i’s payoff, every tie involving seller
i is resolved in his favor. Under any other fixed tie-breaking rule, the same reduction guarantees
a transparent contingent pricing ε-best response for every ε > 0; an exact transparent contingent
pricing best response continues to exist whenever the distribution of B−i is atomless. Under the
maintained convention, seller i is chosen with conditional probability H(Bi) when Bi ≥ 0 and with
probability zero otherwise. By the law of iterated expectations,

Ri(κi, κ−i) = Eqi∼F, (si,pi)∼κi(·|qi)[pi ·H(Bi) · 1{Bi ≥ 0}]

= Eqi∼F, (si,pi)∼κi(·|qi)[(qi −Bi) ·H(Bi) · 1{Bi ≥ 0}] .

To establish the second equality, define gi := H(Bi)1{Bi ≥ 0}. Because Bi is determined by
(si, pi), the variable gi is measurable with respect to (si, pi). Using pi = mi − Bi and mi = E[qi |
si, pi], the tower property implies

Eqi∼F, (si,pi)∼κi(·|qi)[migi] = Eqi∼F, (si,pi)∼κi(·|qi)[E[qi | si, pi]gi]

= Eqi∼F, (si,pi)∼κi(·|qi)[qigi] .

Substituting this identity into the term Eqi∼F, (si,pi)∼κi(·|qi)[(mi −Bi)gi] yields the second equal-
ity. This representation replaces the posterior mean with realized quality and reduces the seller’s
problem to the problem of choosing the score Bi given any realized quality qi.

For each realized quality qi ∈ [0, 1], define the statewise value

V (qi) := max
b∈[0,qi]

(qi − b)H(b).

This value is the highest revenue seller i can obtain by directly choosing the buyer’s score after
observing qi. Restricting the choice to b ∈ [0, qi] is without loss: a negative score cannot beat the
outside option and therefore generates no revenue, while any b > qi yields (qi − b)H(b) ≤ 0 and
is weakly dominated by b = qi. Moreover, because H is a CDF, it is nondecreasing and right-
continuous. At every b ∈ [0, qi], the objective (qi − b)H(b) is therefore continuous from the right,
while its left limit is (qi − b)H(b−) ≤ (qi − b)H(b). Hence, the objective is upper semicontinuous
on the compact interval [0, qi], so a maximizer exists. Applying this statewise bound to the score
representation above and conditioning on qi gives the following revenue upper bound

Ri(κi, κ−i) = Eqi∼F

[
E(si,pi)∼κi(·|qi)[(qi −Bi) ·H(Bi) · 1{Bi ≥ 0}]

]
≤ Eqi∼F [V (qi)] .
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Step 2: Construct a transparent best response. We show that the statewise upper bound
derived in Step 1 is attainable through transparent contingent pricing. The construction fully
reveals realized quality and uses the price to implement a revenue-maximizing score in each state.

For every qi ∈ [0, 1], define the score function

b†(qi) := min argmax
b∈[0,qi]

(qi − b)H(b).

This selection is well defined because Step 1 shows that the argmax set is nonempty and compact.
We next verify that b† is a measurable function. In fact, it is nondecreasing. To see this, fix
0 ≤ q < q′ ≤ 1 and write x := b†(q) and y := b†(q′). Suppose, toward a contradiction, that y < x.
Then both x and y are feasible at both qualities, and optimality gives

(q − x)H(x) ≥ (q − y)H(y) and (q′ − y)H(y) ≥ (q′ − x)H(x).

Adding these inequalities yields

(q′ − q)
(
H(y) −H(x)

)
≥ 0.

Because H is nondecreasing and y < x, the left-hand side is also nonpositive. Hence both optimality
inequalities must bind. In particular, y is also a maximizer at quality q, contradicting y < x = b†(q)
and the definition of b†(q) as the smallest maximizer. Therefore, b† is Borel measurable.

Consider the mechanism that fully reveals qi and posts the deterministic price p†
i (qi) := qi −

b†(qi). This price is nonnegative because b†(qi) ∈ [0, qi]. Under this mechanism, full revelation
implies mi = qi, so the buyer’s score is Bi = mi − p†

i (qi) = b†(qi). Conditional on qi, seller i is
therefore chosen with probability H(b†(qi)) and earns

p†
i (qi)H(b†(qi)) = (qi − b†(qi))H(b†(qi)) = V (qi).

Taking expectations, the mechanism yields E[V (qi)], attaining the upper bound established in
Step 1. Hence, for any profile κ−i of rival mechanisms, seller i has a best response within the
family of transparent contingent pricing mechanisms. This proves part (i).

Step 3: Derive the symmetric candidate. We derive a candidate symmetric pricing rule within
the family of transparent contingent pricing mechanisms. We parameterize each score choice by the
quality type whose equilibrium score it mimics and then solve the resulting first-order condition.

Under transparent contingent pricing, seller i with realized quality qi chooses a score b ∈ [0, qi]
for the buyer and charges the residual price p = qi − b. Suppose all rivals use the same strictly
increasing score schedule b(·). For any pseudo-quality x ∈ [0, 1], consider a deviation in which seller
i offers the score b(x). Because b(·) is strictly increasing, this score beats rival j’s offer if and only
if qj ≤ x. Independence across qualities then implies that seller i wins with probability F (x)n−1.
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Conditional on quality qi, the revenue from mimicking type x is therefore

Wqi(x) := (qi − b(x)) · F (x)n−1.

To construct a symmetric candidate, impose that each seller optimally chooses the score pre-
scribed for its own quality, so that x = qi maximizes Wqi(x). At every point of differentiability, the
associated first-order condition is

0 = W ′
qi

(qi) = −b′(qi) · F (qi)n−1 + (n− 1) ·
(
qi − b(qi)

)
· F (qi)n−2 · f(qi).

Let p(qi) := qi − b(qi) denote the corresponding price schedule. Since b′(qi) = 1 − p′(qi), the
first-order condition reduces to the linear differential equation

p′(qi) + (n− 1)f(qi)
F (qi)

· p(qi) = 1 for a.e. qi ∈ (0, 1].

Multiplying both sides by the integrating factor F (qi)n−1 gives d
dqi

[
p(qi)F (qi)n−1] = F (qi)n−1.

Integrating from 0 to qi yields

p(qi) · F (qi)n−1 =
∫ qi

0
F (t)n−1 dt+ C.

Feasibility under transparent contingent pricing requires 0 ≤ p(qi) ≤ qi. Because feasibility
bounds 0 ≤ p(qi) ≤ qi ≤ 1 and F (qi) → 0 as qi ↓ 0, it follows that p(qi)F (qi)n−1 → 0. The
integral on the right-hand side also converges to zero, so the boundary condition implies C = 0.
The candidate pricing rule is therefore

p(qi) =
∫ qi

0 F (t)n−1 dt

F (qi)n−1 = p∗(qi), qi ∈ (0, 1],

which coincides with (2). The next step verifies that the induced score schedule is strictly increasing
and that p∗ is globally optimal against itself.

Step 4: Verify global optimality. We next verify that the candidate pricing rule derived in
Step 3 is a global best response to itself. We first establish that the induced score schedule is feasible
and strictly increasing, and then use this monotonicity to parameterize every score deviation by a
pseudo-quality.

Define p∗(0) := 0 and b∗(qi) := qi − p∗(qi) for all qi ∈ [0, 1]. For every qi > 0, the numerator in
(2) is strictly positive, so p∗(qi) > 0. Moreover, because F is strictly increasing,

∫ qi
0 F (t)n−1 dt <

qi · F (qi)n−1, which implies p∗(qi) < qi. Hence, b∗(qi) ∈ (0, qi) for every qi > 0.
We next establish that b∗ is strictly increasing. Differentiating the identity p∗(qi) · F (qi)n−1 =∫ qi

0 F (t)n−1 dt at points of differentiability yields

b∗′(qi) = (n− 1)f(qi)
F (qi)

· p∗(qi) > 0 for a.e. qi ∈ (0, 1].

Because b∗ is locally absolutely continuous on (0, 1], this derivative condition implies that it is
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strictly increasing on every compact subinterval of (0, 1]. Moreover, 0 < b∗(qi) < qi implies b∗(qi) →
0 as qi ↓ 0. Thus, b∗ is strictly increasing on (0, 1].

Now suppose all rivals use the pricing rule p∗, or equivalently the score schedule b∗. Fix seller i
with realized quality qi > 0 and consider an arbitrary deterministic score y ∈ [0, qi]. It is sufficient
to consider deterministic scores because the seller’s expected revenue is linear in the distribution
over score realizations.

Consider first a score y ∈ [0, b∗(1)]. Because b∗ is strictly increasing, there exists a unique
pseudo-quality x ∈ [0, 1] such that y = b∗(x). Seller i then beats each rival if and only if that rival’s
quality is at most x, so the probability of winning is F (x)n−1. The resulting revenue is Wqi(x) :=
(qi − b∗(x)) · F (x)n−1. Using the derivative formula for b∗ and the identity p∗(x) = x − b∗(x), we
obtain

W ′
qi

(x) = −b∗′(x) · F (x)n−1 + (qi − b∗(x)) · (n− 1)F (x)n−2f(x)

= (n− 1)f(x)F (x)n−2 · (qi − x) for a.e. x ∈ (0, 1].

Therefore, Wqi is increasing for x < qi and decreasing for x > qi. Since Wqi is absolutely continuous,
it is globally maximized at x = qi. The optimal score within the range of b∗ is consequently
y = b∗(qi).

It remains to consider a feasible score y > b∗(1). Such a score wins with probability one, but
yields revenue qi − y < qi − b∗(1) = Wqi(1) ≤ Wqi(qi). Thus, no score above the equilibrium range
is profitable. The case qi = 0 is immediate, because the only feasible nonnegative price and score
generate zero revenue.

It follows that, for every realized quality qi, the score b∗(qi) maximizes the statewise objective
(qi − b) · H(b) over b ∈ [0, qi]. The corresponding transparent contingent pricing rule p∗(qi) =
qi − b∗(qi) therefore attains the upper bound derived in Step 1. Hence, p∗ is a best response to
itself not only within transparent contingent pricing mechanisms, but within the full mechanism
space M. The resulting symmetric strategy profile is therefore an equilibrium.

Step 5: Characterize the equilibrium allocation. This step derives the allocation induced
by the symmetric equilibrium. The argument uses the strict monotonicity and positivity of the
equilibrium score schedule established in Step 4.

Because b∗(·) is strictly increasing, equilibrium scores preserve the ranking of realized qualities:
a seller with a higher quality offers the buyer a strictly higher net utility. Since F is atomless, the
highest realized quality is unique almost surely. The seller with the highest quality therefore also
offers the highest score, so the buyer purchases the highest-quality product almost surely.

It remains to rule out the outside option. Step 4 establishes that b∗(qi) > 0 for every qi > 0.
Moreover, atomlessness of F implies Pr{qi = 0} = 0, so at least one seller offers a strictly positive
score almost surely. Because the outside option yields zero utility, the buyer never selects it. This
proves part (ii) and completes the proof.
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Proof of Proposition 1. The proof uses the observation that the equilibrium price is the recip-
rocal of the slope of the log cumulative payoff function. This identity yields the exact monotonicity
condition, while a tangent-line argument establishes the stated sufficient conditions.

Step 1: Characterize price monotonicity. This step links the monotonicity of p∗ directly
to the log-concavity condition in the proposition. The argument rewrites the equilibrium price in
terms of the logarithmic derivative of a single auxiliary function.

Define A(q) :=
∫ q

0 F (t)n−1 dt. Because F (q) > 0 for every q > 0, we have A(q) > 0 and
A′(q) = F (q)n−1 > 0 on (0, 1]. By Equation (2), we have

p∗(q) = A(q)
A′(q) ,

(
logA(q)

)′ = A′(q)
A(q) = 1

p∗(q) .

Because p∗(q) > 0, the price schedule p∗ is strictly increasing if and only if 1/p∗ is strictly
decreasing. The identity above shows that this is equivalent to (logA)′ being strictly decreasing,
which, since logA is differentiable, is equivalent to logA being strictly concave. Therefore, p∗ is
strictly increasing on (0, 1] if and only if A(q) =

∫ q
0 F (t)n−1 dt is strictly log-concave in q.

Step 2: Verify the sufficient conditions. We next show that strict log-concavity of F guar-
antees strict monotonicity of the equilibrium price. We use the supporting-tangent inequality for
strictly log-concave functions and then verify that strict log-concavity of f implies the same prop-
erty for F .

Suppose first that F is strictly log-concave on (0, 1]. Let g(q) := F (q)n−1 and define λ(q) :=
(log g(q))′ = (n − 1)f(q)/F (q) at points of differentiability. The function g is strictly log-concave,
and λ(q) > 0 under the maintained assumption that f is strictly positive. Thus, for every t ∈ (0, q),

g(t) < g(q) · e(λ(q)(t−q)).

Integrating this strict tangent bound gives

p∗(q) =
∫ q

0 g(t) dt
g(q) <

1 − e−λ(q)q

λ(q) <
1

λ(q) .

Differentiating p∗(q) = A(q)/g(q) at points of differentiability yields p∗′(q) = 1 − λ(q)p∗(q).
The preceding bound therefore implies p∗′(q) > 0 for almost every q ∈ (0, 1]. Because p∗ is locally
absolutely continuous, it follows that p∗ is strictly increasing on (0, 1].

It remains to show that strict log-concavity of f implies strict log-concavity of F . Suppose that
f is strictly log-concave, and define the reverse hazard rate

ρ(q) := f(q)/F (q) = (logF (q))′.

At a point where log f is differentiable, let η(q) := (log f(q))′. If η(q) ≤ 0, then ρ(q) > 0 ≥ η(q). If
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η(q) > 0, strict log-concavity of f gives f(t) < f(q) exp(η(q)(t− q)) for every t < q, and hence

F (q) < f(q)(1 − e−η(q)q)/η(q) < f(q)/η(q).

Thus, ρ(q) > η(q) in either case. Consequently,

ρ′(q) = ρ(q)
(
η(q) − ρ(q)

)
< 0 for a.e. q ∈ (0, 1].

Since ρ = (logF )′ is strictly decreasing, logF is strictly concave. Strict log-concavity of f therefore
implies strict log-concavity of F , which in turn implies strict monotonicity of p∗.

Step 3: Recover quality from prices. When p∗ is strictly increasing, it is one-to-one on
(0, 1] and therefore admits an inverse on its range. Replace the explicit quality message in the
TCP mechanism with a degenerate signal while retaining the pricing rule p∗(qi). Upon observing
a price p∗(qi), the buyer recovers the realized quality as qi = (p∗)−1(p∗(qi)). Her posterior mean,
net utility, and purchase decision are therefore unchanged. The price-only mechanism induces the
same allocation and equilibrium payoffs as the original TCP mechanism, establishing the claimed
implementation result.

Proof of Proposition 2. We first represent equilibrium revenue, buyer utility, and social welfare
through the two highest order statistics Q(1;n) and Q(2;n). We then establish the uniform asymptotic
behavior of the pricing rule using a quantile transformation and derive the relevant order-statistic
expansions from the concentration of their quantile kernels near the upper endpoint.

Step 1: Express equilibrium outcomes through order statistics. This first step reduces the
equilibrium outcome measures to the highest and second-highest realized qualities. Let Q(1;n) and
Q(2;n) denote the highest and second-highest values among Q1, . . . , Qn

i.i.d.∼ F , respectively. Because
the equilibrium score b∗(·) is strictly increasing, the buyer purchases from the highest-quality seller
almost surely. Hence,

SWgen(n) = E
Q1,...,Qn

i.i.d.∼ F
[Q(1;n)].

The density of Q(1;n) is nF (y)n−1f(y). Using p∗
n(y)F (y)n−1 =

∫ y
0 F (t)n−1 dt and changing the

order of integration, the total expected seller revenue satisfies

n · Rgen(n) = E
Q1,...,Qn

i.i.d.∼ F

[
p∗

n(Q(1;n))
]

= n

∫ 1

0

(∫ y

0
F (t)n−1 dt

)
f(y) dy

= n

∫ 1

0
F (t)n−1(1 − F (t)

)
dt

= E
Q1,...,Qn

i.i.d.∼ F

[
Q(1;n)

]
− E

Q1,...,Qn
i.i.d.∼ F

[
Q(2;n)

]
.

The last equality follows from Pr{Q(1;n) ≤ t} = F (t)n and Pr{Q(2;n) ≤ t} = F (t)n + nF (t)n−1(1 −
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F (t)). By symmetry, each seller receives a 1/n share of the total expected revenue. The buyer’s
expected utility is consequently

Ugen(n) = SWgen(n) − n · Rgen(n) = E
Q1,...,Qn

i.i.d.∼ F
[Q(2;n)].

Step 2: Establish uniform price convergence. Then we derive a uniform first-order approx-
imation for p∗

n(·). Because f is continuous and strictly positive on [0, 1], F is strictly increasing
and admits a continuous inverse. Define h(u) := 1/f(F−1(u)) for u ∈ [0, 1]. The function h is
continuous and bounded. For q > 0, let a := F (q) and apply the changes of variables z = F (t) and
v = z/a to obtain

n · p∗
n(q) = a

∫ 1

0
nvn−1h(av) dv, F (q)

f(q) = ah(a).

The same identities extend to q = 0 after setting p∗
n(0) = 0.

To make the concentration of the kernel nvn−1 explicit, introduce an auxiliary random variable
Vn ∼ Beta(n, 1) with density nvn−1 on [0, 1]. Its role is purely notational. In particular, for
a := F (q), we have

n · p∗
n(q) = a · EVn∼Beta(n,1)[h(aVn)] , F (q)

f(q) = a · h(a).

Let ωh(δ) := sup{|h(u) −h(v)| : u, v ∈ [0, 1], |u− v| ≤ δ} denote the modulus of continuity of h.
Since h is uniformly continuous on [0, 1], ωh(δ) → 0 as δ ↓ 0. For any δ ∈ (0, 1), splitting according
to whether Vn lies within δ of 1 gives

sup
q∈[0,1]

∣∣∣∣n · p∗
n(q) − F (q)

f(q)

∣∣∣∣ ≤ sup
a∈[0,1]

EVn∼Beta(n,1)[|h(aVn) − h(a)|]

≤ ωh(δ) + 2∥h∥∞ · (1 − δ)n.

Indeed, on the event {Vn ≥ 1 − δ}, we have |aVn − a| ≤ δ uniformly over a ∈ [0, 1]. On the
complementary event, the difference is bounded by 2∥h∥∞, while PrVn∼Beta(n,1){Vn < 1 − δ} =
(1 − δ)n. Letting n → ∞ and then δ ↓ 0 yields

sup
q∈[0,1]

∣∣∣∣n · p∗
n(q) − F (q)

f(q)

∣∣∣∣ −→ 0.

Therefore, for every q ∈ (0, 1], p∗
n(q) ∼ F (q)/(nf(q)). Moreover, F/f is continuous and bounded

on [0, 1], with (F/f)(1) = 1/f(1) > 0. The uniform approximation consequently implies n∥p∗
n∥∞ →

∥F/f∥∞ ∈ (0,∞). Hence, p∗
n converges uniformly to zero at rate Θ(1/n), proving part (i).

Step 3: Derive the order-statistic asymptotics. This step obtains the first-order behavior
of the two highest qualities. Using the tail-integral representation and the change of variables
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u = F (t), we can rewrite these two quantities as follows

1 − E
Q1,...,Qn

i.i.d.∼ F

[
Q(1;n)

]
=
∫ 1

0
unh(u) du,

1 − E
Q1,...,Qn

i.i.d.∼ F

[
Q(2;n)

]
=
∫ 1

0

[
un + nun−1(1 − u)

]
h(u) du.

The kernels un and un +nun−1(1−u) have total masses 1/(n+1) and 2/(n+1), respectively. After
normalization, both concentrate at u = 1: for every ε > 0, their mass on [0, 1 − ε] converges to zero
exponentially. Since h is bounded and continuous at 1, it follows that

1 − E
Q1,...,Qn

i.i.d.∼ F

[
Q(1;n)

]
= 1
nf(1) + o

( 1
n

)
,

1 − E
Q1,...,Qn

i.i.d.∼ F

[
Q(2;n)

]
= 2
nf(1) + o

( 1
n

)
.

Step 4: Conclude the payoff asymptotics. We finally combine the outcome identities from
Step 1 with the order-statistic expansions from Step 3. In particular, we obtain the following
asymptotic expansions for the equilibrium outcomes

Ugen(n) = E
Q1,...,Qn

i.i.d.∼ F

[
Q(2;n)

]
= 1 − 2

nf(1) + o

( 1
n

)
∼ 1 − 1

n
· 2
f(1) ,

Rgen(n) =
E

Q1,...,Qn
i.i.d.∼ F

[Q(1;n)] − E
Q1,...,Qn

i.i.d.∼ F
[Q(2;n)]

n

= 1
n2f(1) + o

( 1
n2

)
∼ 1
n2 · 1

f(1) ,

SWgen(n) = E
Q1,...,Qn

i.i.d.∼ F

[
Q(1;n)

]
= 1 − 1

nf(1) + o

( 1
n

)
∼ 1 − 1

n
· 1
f(1) .

These expansions imply the asymptotic relations stated in parts (ii)–(iv).

C Proofs of Section 5

Proof of Proposition 3. Let pn := p∗
ff(n) denote the common equilibrium price in the full-

information, fixed-price benchmark, and letQ(1;n) := max{Q1, . . . , Qn}, where the qualitiesQ1, . . . , Qn

are i.i.d. draws from the prior distribution F .

Step 1: Compare finite-market efficiency. We first compare the three decision spaces along
the extensive margin of trade and the allocative margin of product selection.

Under M, Theorem 2 implies that b∗(q) > 0 for every q > 0. Because F is atomless, at least one
seller offers a strictly positive score almost surely, and the buyer always purchases. Moreover, the
strict monotonicity of b∗ implies that she selects the highest-quality seller. Hence, MCgen(n) = 1
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and SWgen(n) = E[Q(1;n)].
Under Mnf , Bertrand competition yields the equilibrium price p∗

nf = 0. The buyer therefore
always purchases, so MCnf(n) = 1. Because no information about realized qualities is disclosed, the
selected product has expected quality E[Q], and thus SWnf(n) = E[Q].

Under Mff , the equilibrium price satisfies pn ∈ (0, 1). Indeed, a price of zero can be profitably
increased while retaining positive demand, whereas a price of at least one generates no demand
and is dominated by a sufficiently small positive price. Given full disclosure and the common
price pn, the buyer purchases if and only if Q(1;n) ≥ pn and, conditional on purchasing, selects the
highest-quality seller. Therefore,

MCff(n) = 1 − F (pn)n < 1, SWff(n) = E
[
Q(1;n) · 1{Q(1;n) ≥ pn}

]
.

This establishes part (i).
To compare social welfare, observe that Q(1;n) ≥ Q1 almost surely, with strict inequality with

positive probability because F is nondegenerate and n ≥ 2. Hence, SWgen(n) = E[Q(1;n)] > E[Q] =
SWnf(n). Moreover,

SWgen(n) − SWff(n) = E
[
Q(1;n) · 1{Q(1;n) < pn}

]
> 0,

where strictness follows from pn > 0 and the strictly positive density of F . Thus, SWgen(n) >
max{SWnf(n), SWff(n)}, proving part (ii).

Step 2: Establish the large-market ranking. We next show that market exclusion under Mff

vanishes as the number of sellers grows. A deviation argument first bounds the equilibrium price
away from the upper endpoint of the quality support.

At the symmetric fixed-price equilibrium, each seller receives an equal share of equilibrium
demand. His expected revenue is therefore

pn

n
(1 − F (pn)n) ≤ 1

n
.

Suppose that pn ≥ 3/4. A seller could deviate to the price 1/2. Whenever his realized quality
satisfies qi > 3/4, his offer gives the buyer net utility qi − 1/2 > 1/4, whereas every rival offers net
utility at most 1−pn ≤ 1/4. The deviating seller therefore wins with probability at least 1−F (3/4)
and earns expected revenue of at least 1

2
(
1−F (3/4)

)
> 0. For all sufficiently large n, this deviation

payoff exceeds 1/n, contradicting equilibrium. Consequently, there exists N0 such that pn < 3/4
for every n > N0.

It follows that the probability of market exclusion satisfies

Pr{Q(1;n) < pn} = F (pn)n ≤ F (3/4)n −→ 0.
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At the same time, Q(1;n) → 1 almost surely and, because Q(1;n) ∈ [0, 1], E[Q(1;n)] → 1. Moreover,

E[Q(1;n)] − F (pn)n ≤ SWff(n) ≤ E[Q(1;n)],

which implies that SWff(n) → 1.
Finally, SWnf(n) = E[Q] < 1 is independent of n. Hence, there exists N ∈ Z+ such that

SWff(n) > SWnf(n) for every n > N , which proves part (iii).

Proof of Proposition 4. We proceed with the proof in six steps.

Step 1: Establish the finite-market ranking. We first prove part (i) by making the source of
strict positivity explicit in each decision space. Under Mnf , Bertrand competition yields p∗

nf = 0,
and hence Rnf(n) = 0. At the TCP equilibrium, strict monotonicity of the buyer’s score implies that
a seller with quality q wins with probability F (q)n−1. Substituting the price in (2) and applying
Fubini’s theorem therefore gives

Rgen(n) =
∫ 1

0
p∗(q)F (q)n−1f(q) dq =

∫ 1

0

(
1 − F (x)

)
F (x)n−1 dx.

For every realization of the i.i.d. qualities, Q(1;n) −Q(2;n) =
∫ 1

0 1{Q(1;n) > x, Q(2;n) ≤ x} dx. Taking
expectations and using independence,

E[Q(1;n) −Q(2;n)] = n

∫ 1

0

(
1 − F (x)

)
F (x)n−1 dx.

Hence Rgen(n) = E[Q(1;n) − Q(2;n)]/n. The strictly positive density implies F (x) ∈ (0, 1) for every
x ∈ (0, 1), so this revenue is strictly positive.

For the full-disclosure fixed-price benchmark, let pn := p∗
ff(n) denote the symmetric equilibrium

price. Under Assumption 1, (FOCff) can be written as

pn = 1 − F (pn)n

nDn(pn) , Dn(p) := F (p)n−1f(p) + (n− 1)
∫ 1

p
F (x)n−2f(x)2 dx.

The denominator is strictly positive. Moreover, neither pn = 0 nor F (pn) = 1 can satisfy this
equation; therefore pn > 0 and 1 − F (pn)n > 0. It follows that Rff(n) = pn

(
1 − F (pn)n

)
/n > 0.

This proves part (i).

Step 2: Expand TCP revenue at the upper endpoint. We next derive the third-order
expansion of Rgen(n). The argument rewrites revenue in quantile space, where the beta kernel
concentrates at the upper endpoint.

Write b := f(1) > 0 and c := f ′(1). Under condition (a), there exist constants 0 < m ≤ M < ∞
such that m ≤ f(x) ≤ M on [0, 1]. Because F is strictly increasing, the function g(u) := f(F−1(u))
is well defined on (0, 1) and also satisfies m ≤ g(u) ≤ M . The preceding order-statistic identity
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and the substitutions u = F (x) and t = 1 − u yield

Rgen(n) =
∫ 1

0

(1 − u)un−1

g(u) du =
∫ 1

0

t(1 − t)n−1

g(1 − t) dt.

To expand the last integrand, let y := 1 −F−1(1 − t). Continuous differentiability at the upper
endpoint gives

1 − F (1 − y) = by − c

2y
2 + o(y2), f(1 − y) = b− cy + o(y).

Thus y = t/b+O(t2) as t ↓ 0, and therefore

g(1 − t) = b− c

b
t+ o(t), 1

g(1 − t) = 1
b

+ c

b3 t+ o(t).

Using these two equations∫ 1

0
t(1 − t)n−1 dt = 1

n(n+ 1) and
∫ 1

0
t2(1 − t)n−1 dt = 2

n(n+ 1)(n+ 2) ,

we obtain the final expression

Rgen(n) = 1
b n2 +

(
−1
b

+ 2c
b3

) 1
n3 + o(n−3).

For completeness, write the endpoint remainder as r(t) = o(t). Given ε > 0, choose η > 0 such
that |r(t)| ≤ εt for t ≤ η. The contribution from (0, η] is bounded by 2ε/[n(n+ 1)(n+ 2)], whereas
boundedness of g−1 makes the contribution from [η, 1] exponentially small. After multiplication by
n3 and then letting ε ↓ 0, these bounds establish the stated o(n−3) remainder.

Step 3: Control the fixed-price equilibrium. We now obtain a uniform bound on pn and show
that the lower endpoint is asymptotically irrelevant. These bounds justify replacing the truncated
denominator in the fixed-price first-order condition by an integral over the full support.

Changing variables from x to u = F (x) gives

Dn(p) = F (p)n−1f(p) + (n− 1)
∫ 1

F (p)
un−2g(u) du.

The two terms form a weighted average: their weights are F (p)n−1 and 1 − F (p)n−1, respectively.
Since both f(p) and g(u) lie in [m,M ], m ≤ Dn(p) ≤ M for every p ∈ [0, 1]. Combining the lower
bound with the first-order condition yields

0 < pn ≤ 1
mn

. (C-1)

Because F (x) ≤ Mx on [0, 1], (C-1) further implies

F (pn)n ≤
(
M

mn

)n

= o(n−k) for every fixed k > 0.

Define

Dn := (n− 1)
∫ 1

0
F (x)n−2f(x)2 dx.
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The omitted boundary term is bounded by MF (pn)n−1, while the lower truncation is bounded by
(n − 1)M2pnF (pn)n−2. The preceding super-polynomial bound therefore gives Dn(pn) = Dn +
o(n−1).

Step 4: Expand fixed-price revenue. This step uses the same endpoint expansion as Step 2
to evaluate Dn, and then substitutes the result into the equilibrium first-order condition.

The changes of variables u = F (x) and t = 1 − u imply

Dn = (n− 1)
∫ 1

0
(1 − t)n−2g(1 − t) dt.

Substituting g(1 − t) = b− (c/b)t+ o(t) and using

(n− 1)
∫ 1

0
(1 − t)n−2 dt = 1, (n− 1)

∫ 1

0
t(1 − t)n−2 dt = 1

n
,

gives

Dn(pn) = b− c

b n
+ o(n−1).

The remainder is o(n−1) by the same split-and-bound argument used in Step 2. Hence,
1

Dn(pn) = 1
b

+ c

b3n
+ o(n−1).

Since F (pn)n is smaller than every polynomial order, the first-order condition yields

pn = 1
b n

+ c

b3n2 + o(n−2).

Substituting this expansion into Rff(n) = pn
(
1 − F (pn)n

)
/n gives

Rff(n) = 1
b n2 + c

b3n3 + o(n−3).

Step 5: Compare the two revenue expansions. The leading n−2 terms coincide, so the
revenue ranking is determined at order n−3. Subtracting the TCP expansion in Step 2 from the
fixed-price expansion in Step 4 gives

Rff(n) − Rgen(n) = b2 − c

b3
1
n3 + o(n−3).

Condition (c) makes the leading coefficient strictly positive. Therefore, there exists N ∈ Z+ such
that Rff(n) > Rgen(n) for every n ≥ N , which is stronger than the weak inequality stated in part (ii).

Step 6: Verify the log-concavity implication. It remains to justify the sufficient condition
stated in part (ii). Suppose that f is log-concave and let ϕ := log f . If ϕ′(1) ≤ 0, then c ≤ 0 < b2.
If instead λ := ϕ′(1) = c/b > 0, concavity implies f(q) ≤ b exp{λ(q − 1)} for every q ∈ [0, 1].
Integrating and using

∫ 1
0 f(q) dq = 1 gives

1 ≤ b

∫ 1

0
eλ(q−1) dq = b

λ

(
1 − e−λ).
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Thus λ ≤ b(1 − e−λ) < b, or equivalently c < b2. Hence log-concavity implies condition (c),
completing the proof.

Proof of Proposition 5. Let n ≥ 2 and set m := minq∈[0,1] f(q) > 0, which exists because f is
continuous and strictly positive on [0, 1]. We establish the three comparisons separately.

Step 1: Compare no disclosure with TCP. We first prove part (i) by exploiting the mono-
tonicity of the second-highest quality as the market expands. The equilibrium characterizations
give Unf(n) = E[Q] and Ugen(n) = E[Q(2;n)]. Define ∆(n) := E[Q(2;n)] − E[Q].

Couple the markets with n and n+ 1 sellers by using the same first n quality draws and adding
one independent draw. Then Q(2;n+1) ≥ Q(2;n) almost surely, so ∆(n) is weakly increasing. At
n = 2, Q(2;2) = min{Q1, Q2} ≤ Q1 almost surely, with strict inequality with positive probability
because F has a strictly positive density. Hence ∆(2) < 0.

It remains to verify the limiting sign. For every ε ∈ (0, 1), the event Q(2;n) ≤ 1 − ε occurs
precisely when at most one of the n qualities exceeds 1 − ε. Therefore,

Pr{Q(2;n) ≤ 1 − ε} = F (1 − ε)n + n
(
1 − F (1 − ε)

)
F (1 − ε)n−1 −→ 0.

Thus Q(2;n) → 1 in probability. More explicitly, 0 ≤ 1 − E[Q(2;n)] ≤ ε+ Pr{Q(2;n) ≤ 1 − ε}, so first
letting n → ∞ and then ε ↓ 0 gives E[Q(2;n)] → 1. Moreover, absolute continuity on [0, 1] gives
E[Q] < 1, and hence ∆(n) → 1 − E[Q] > 0.

Consequently, the set {n ≥ 2 : ∆(n) > 0} is nonempty. Define N1 := min{n ≥ 2 : ∆(n) > 0}.
Monotonicity implies ∆(n) ≤ 0 for every n < N1 and ∆(n) > 0 for every n ≥ N1. In particular,
Unf(n) ≥ Ugen(n) for every n < N1, whereas Unf(n) ≤ Ugen(n) for every n > N1, as claimed.

Step 2: Compare no disclosure with fixed-price full disclosure. We next establish part (ii)
by bounding both the fixed equilibrium price and the gap between the highest quality and the top
of the support. Let pn := p∗

ff(n). The denominator bound in (C-1), whose derivation uses only
continuity and strict positivity of f , gives 0 < pn ≤ 1/(mn).

For every t ∈ [0, 1], the lower density bound yields 1 −F (1 − t) ≥ mt and therefore F (1 − t)n ≤
(1 −mt)n ≤ e−mnt. The tail-integral identity then implies

1 − E[Q(1;n)] =
∫ 1

0
Pr{Q(1;n) ≤ 1 − t} dt ≤

∫ 1

0
e−mnt dt ≤ 1

mn
.

Because (q − p)+ ≥ q − p for every q ∈ [0, 1] and p ≥ 0, we obtain

Uff(n) = E
[
(Q(1;n) − pn)+

]
≥ E[Q(1;n)] − pn ≥ 1 − 2

mn
.

Set δ := 1 − E[Q] > 0 and choose N2 := ⌈2/(mδ)⌉. For every n > N2, we have 2/(mn) < δ, and
hence

Uff(n) > 1 − δ = E[Q] = Unf(n).
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This strict inequality is stronger than part (ii).

Step 3: Compare the two full-information regimes. We impose the additional conditions
in part (iii). By part (ii) of Proposition 4, there exists N3 ∈ Z+ such that Rff(n) ≥ Rgen(n) for
every n ≥ N3. In addition, part (ii) of Proposition 3 gives SWgen(n) > SWff(n) for every finite n.

Since R is per-seller revenue, the accounting identity U = SW − nR gives, for every n ≥ N3,

Ugen(n) − Uff(n) = SWgen(n) − SWff(n) + n
(
Rff(n) − Rgen(n)

)
> 0.

Therefore, Ugen(n) > Uff(n) for every n ≥ N3, which proves our part (iii).

D Proofs of Section 6

Proof of Proposition 6. The proof establishes the result by mapping the asymmetric pricing
problem into an asymmetric first-price auction. The key observation is that, without buyer-side
private information, every seller’s offer can be summarized by the net utility left to the buyer.

Step 1: Reduce transparent contingent pricing to bidding. Fix seller i with realized quality
qi. Under a transparent contingent pricing mechanism, define the buyer’s net utility from seller i
as bi(qi) := qi − pi(qi). Because the buyer’s valuation is common across all sellers and normalized
to one, she purchases from the seller offering the highest nonnegative net utility. Therefore, seller
i wins if and only if

bi(qi) ≥ max{0, bj(qj), j ̸= i}.

Hence, choosing a price function pi(·) is equivalent to choosing a bid function bi(·) in which the
seller’s value is his realized quality qi and his payment is the residual pi(qi) = qi − bi(qi).

The seller’s expected payoff becomes

(qi − bi(qi)) Pr
{
bi(qi) ≥ max

j ̸=i
bj(Qj)

}
,

which is exactly the payoff function of seller i in a first-price auction with independent but non-
identically distributed bidder values.

Step 2: Construct the equilibrium pricing rule. Because each Fi has a continuous, strictly
positive density on the common support [0, 1], the associated asymmetric first-price auction admits
a pure-strategy equilibrium (b∗

1, . . . , b
∗
n) in strictly increasing bidding functions (Maskin and Riley,

2000b). Strict monotonicity and the atomlessness of Fi imply that the induced bid b∗
i (Qi) is

atomless for every seller i: the preimage of any bid under b∗
i contains at most one quality type.

Hence, ties among equilibrium bids occur with probability zero. Moreover, the highest rival bid
has a continuous distribution and therefore ties with any unilateral bid that is independent of the
rivals with probability zero. Thus, the tie-breaking rule is immaterial in this construction.
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For each seller i, define the corresponding quality-contingent price rule as

p∗
i (qi) := qi − b∗

i (qi).

Consider the mechanism in which seller i fully reveals qi and posts the price p∗
i (qi). Under this

mechanism, the buyer’s net utility from seller i is exactly qi−p∗
i (qi) = b∗

i (qi). Therefore, the induced
allocation and seller payoffs coincide with those in the asymmetric first-price auction equilibrium.

Because no seller can profitably deviate in the auction problem, no seller can profitably deviate
within transparent contingent pricing mechanisms. Thus, the constructed pricing profile constitutes
an equilibrium. Finally, because the buyer has no private information, any signal-price pair is
evaluated only through the induced posterior mean quality and price. Under the constructed
equilibrium, each seller fully reveals quality, so the posterior mean equals the realized quality.

Therefore, the equilibrium outcome is implemented by transparent contingent pricing, even
though sellers are ex-ante asymmetric.

Proof of Proposition 7. We first establish the claim by enlarging the signal space without chang-
ing any observable outcome. Start from an arbitrary mechanism that generates (si, pi) conditional
on qi. Define the augmented signal ŝi := (si, pi) and the deterministic pricing rule p̂i(ŝi) := pi. The
joint distribution of (Qi, si, pi) is unchanged, so the buyer’s posterior belief, choice probabilities,
and all sellers’ payoffs are unchanged. Applying this transformation seller by seller preserves every
mechanism profile and every unilateral deviation payoff. Hence, an equilibrium, if one exists, has
an outcome-equivalent GCP representation.

Then we derive the substantive reduction. Let (Si, Pi) be the realized offer under an arbitrary
deviation and define Mi := E[Qi | Si, Pi]. The distribution of Mi belongs to MPC(F ). Conditional
on (Mi, Pi) = (m, p), seller i earns Πi(m, p;κ−i) ≤ Vi(m;κ−i). Therefore,

Ri(κi, κ−i) ≤ E[Vi(Mi;κ−i)] ≤ sup
H∈MPC(F )

∫
Vi(m;κ−i) dH(m).

Conversely, fixH ∈ MPC(F ). By the definition of MPC(F ), there exists an information structure
that induces a posterior mean Mi ∼ H. It remains to construct a measurable near-optimal price
rule. Define Wi := max {0,maxj ̸=i(θMj − Pj)}. Under the seller-favorable tie-breaking,

Πi(m, p;κ−i) = p Pr
θ,κ−i

{θm− p ≥ Wi}.

The map (m, p, ω) 7−→ p1{θ(ω)m − p ≥ Wi(ω)} is Borel measurable and bounded. Hence,
Πi(·, ·;κ−i) is Borel measurable. For fixed m, if pk ↑ p, then

{θm− pk ≥ Wi} ↓ {θm− p ≥ Wi}.

Continuity of probability from above therefore implies that p 7→ Πi(m, p;κ−i) is left-continuous.
Then we define D :=

(
Q ∩ [0, p]

)
∪ {p} = {r1, r2, . . .}. Because every positive price can be approxi-
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mated from below by prices in D, left-continuity gives

Vi(m;κ−i) = sup
r∈D

Πi(m, r;κ−i).

Thus, Vi(·;κ−i) is Borel measurable as a countable supremum of Borel functions. For every ε > 0,
define

kε(m) := min {k : Πi(m, rk;κ−i) > Vi(m;κ−i) − ε} , pε
i (m) := rkε(m).

For every k, the set {m : kε(m) = k} is Borel, so pε
i is measurable. Using Mi as the signal and

posting pε
i (Mi) therefore defines a GCP mechanism whose expected revenue is at least∫

[0,1]
Vi(m;κ−i) dH(m) − ε.

Taking the supremum over H ∈ MPC(F ) and then letting ε ↓ 0 proves the result.

Proof of Proposition 8. We divide the proof into three steps.

Step 1: Reduce survival to posterior-mean values. This step expresses the seller’s full-
revelation payoff and his maximal information-design payoff through V . We also establish that V
is automatically continuous under the maintained bounded-type and flexible-price assumptions.

Let Π(m, p) denote the seller’s continuation payoff at posterior mean m and price p, so that
V (m) = supp≥0 Π(m, p). Because the seller’s pricing problem in the auxiliary game separates
across realized qualities, the equilibrium condition in that game implies χ∗(q) ∈ argmaxp≥0 Π(q, p)
for F -almost every q. The seller’s expected payoff under full revelation is therefore EQ∼F [V (Q)].

By the posterior-mean reduction established above, an arbitrary joint information–pricing de-
viation induces a feasible posterior-mean random variable M and yields at most E[V (M)]. Con-
versely, any feasible distribution of posterior means can be paired with posterior-mean-contingent
prices that attain, or approximate arbitrarily closely, the corresponding value E[V (M)]. Hence, full
revelation survives if and only if

EQ∼F [V (Q)] ≥ EM∼H [V (M)] for every H ∈ MPC(F ). (FI)

We next show that V is continuous. Fix m2 ≥ m1 and let δ := m2 −m1. At any fixed price, a
higher posterior mean weakly raises the seller’s utility for every buyer type, so V (m2) ≥ V (m1).

For the reverse bound, fix any price p at posterior mean m2. If p < θδ, then Π(m2, p) ≤ p < θδ.
If p ≥ θδ, define p′ := p− θδ. For every buyer type θ ≤ θ,

θm1 − p′ = θm2 − p+ (θ − θ)δ ≥ θm2 − p.

Thus, every realization under which the seller wins at (m2, p) also leads him to win at (m1, p
′).

Consequently, Π(m2, p) ≤ Π(m1, p
′) + θδ. Taking the supremum over p gives

0 ≤ V (m2) − V (m1) ≤ θ(m2 −m1).
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Therefore, V is θ-Lipschitz continuous on [0, 1].

Step 2: Prove sufficiency. This step applies the martingale property of posterior means.
Convexity makes the seller prefer the dispersion generated by full revelation to every Bayes-plausible
garbling.

Let M be any feasible posterior mean. Bayes plausibility implies M = E[Q | M ] almost surely.
If V is convex, conditional Jensen’s inequality gives

E[V (M)] = E[V (E[Q | M ])] ≤ E[V (Q)].

Thus, condition (FI) holds for every feasible M , and no joint information–pricing deviation is
profitable. Full revelation together with χ∗ therefore constitutes an equilibrium of the general
mechanism game.

Step 3: Prove necessity. We next show that any violation of convexity generates a profitable
information deviation. Full support and atomlessness allow the seller to pool small sets of qualities
around the points involved in the convexity violation.

Suppose that V is not convex. Then there exist qL < qH , λ ∈ (0, 1), and η > 0 such that,
defining q := λqL + (1 − λ)qH ,

V (q) ≥ λV (qL) + (1 − λ)V (qH) + 4η. (NC)

Choose disjoint neighborhoods of qL and qH . Because F is atomless and has full support, these
neighborhoods contain measurable subsets AL and AH satisfying

Pr{Q ∈ AL} = λα, Pr{Q ∈ AH} = (1 − λ)α

for some α > 0. The seller pools AL ∪ AH into a common signal and fully reveals all qualities
outside this set.

Let µL := E[Q | Q ∈ AL] and µH := E[Q | Q ∈ AH ]. The posterior mean following the pooled
signal is mA = λµL + (1 − λ)µH . As the two neighborhoods shrink to qL and qH , respectively, we
have mA → q and

E[V (Q) | Q ∈ AL ∪AH ] −→ λV (qL) + (1 − λ)V (qH).

Because V is continuous by Step 1, condition (NC) implies that, for sufficiently small neighborhoods,

V (mA) > E[V (Q) | Q ∈ AL ∪AH ] + 2η.

After the pooled signal, choose a price that yields a continuation payoff within η of V (mA). The
seller then earns strictly more than under full revelation conditional on AL ∪AH , while his behavior
is unchanged outside this set. The pooling deviation is therefore strictly profitable, contradicting
condition (FI).
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Hence, if full revelation together with χ∗ survives in the general mechanism game, V must be
convex on [0, 1].

Proof of Example 3. We first establish existence and uniqueness of the candidate coefficient.
Define h(a) := a (λ/(θr − a) + (1 − λ)/(θl − a)) on [0, θl). The function h is continuous and strictly
increasing, with h(0) = 0 and h(a) → ∞ as a ↑ θl. Hence, the equation h(a) = 1 admits a unique
solution a∗ ∈ (0, θl).

Then, we check every price region and simultaneously compute the posterior-mean value func-
tion. Suppose the rival fully reveals quality and charges a∗qj . Fix a posterior mean m > 0 and
write a deviation price as p = ym. For a buyer of type θ ∈ {θl, θr}, the seller’s demand is

Dθ(m, y) = min
{
m(θ − y)+
θ − a∗ , 1

}
.

The deviation payoff is ym[λDθr (m, y) + (1 − λ)Dθl
(m, y)]. Using min{z, 1} ≤ z, this payoff is

bounded above by m2Φ(y), where

Φ(y) := y

[
λ

(θr − y)+
θr − a∗ + (1 − λ)(θl − y)+

θl − a∗

]
.

On [0, θl], Φ is a strictly concave quadratic. The defining equation for a∗ gives Φ′(a∗) = 0, while
Φ(a∗) = a∗. Hence, a∗ is the unique maximizer on this interval.

On [θl, θr], only the high type is active and Φ(y) = λy(θr − y)/(θr − a∗). Because θl ≥ θr/2,
this expression is decreasing on the interval. Moreover, the defining equation for a∗ implies

a∗ − λ
θl(θr − θl)
θr − a∗ = (θl − a∗)2

a∗ ≥ 0.

Thus, no high-type-only price yields more than a∗. Prices with y ≥ θr generate zero demand.
At y = a∗, neither demand term is truncated: Dθl

(m, a∗) = Dθr (m, a∗) = m. The upper bound
is therefore attained, and the optimized payoff is V (m) = a∗m2. The case m = 0 is immediate.
Setting m = q proves that χ∗(q) = a∗q is a global best response in the full-information pricing game.
Since V is convex, Proposition 8 implies that this equilibrium survives in the general mechanism
space.

Proof of Example 4. The proof first verifies global optimality of χ∗ in the auxiliary game. It
then identifies a strictly concave region of the posterior-mean value function and applies strict
Jensen’s inequality to an explicit pooling deviation.

Step 1: Verify the prior and price schedule. This step establishes that the constructed
prior is regular and records the reverse-hazard identity that implements the equilibrium first-order
condition. Direct differentiation gives, for q ∈ (0, 1],

f(q)
F (q) = (10 − 3q2)(10 − 9q2)

q(q2 + 5)(20 − 9q2) > 0.
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Thus, F is strictly increasing, with F (0) = 0 and F (1) = 1. Moreover, as q ↓ 0, F (q) = c0q+O(q3),

where c0 =
(

20
11

) 3
26
(

5
6

)− 55
26 ∈ (0,∞). The density therefore extends continuously to q = 0 by setting

f(0) = c0, and is strictly positive, bounded, and continuous on [0, 1].
The candidate price satisfies χ∗′(q) = 1/3 + q2/5 ≤ 8/15 < 5/9. Hence, for either buyer type

θ ∈ {5/9, 1}, the utility schedule uθ(q) := θq − χ∗(q) is strictly increasing.
Define

Γ(z) := 1
2

1
5
9 − z

+ 1
2

1
1 − z

.

A direct calculation yields

f(q)
F (q) = 1

χ∗(q)Γ(χ∗′(q)) . (D-2)

Step 2: Establish the full-information equilibrium. Here we provesprove global optimality
of χ∗. We establish concavity over prices that attract both buyer types and then rule out prices
that target only the high type.

Fix a perceived quality m ∈ [0, 1]. For type θ, let Dθ(m, p) denote the probability that the
seller wins at price p when the rival fully reveals quality and charges χ∗. Whenever the relevant
rival-quality threshold r is interior, it solves uθ(r) = θm− p. Implicit differentiation gives

∂2Dθ(m, p)
∂p2 = f(r)(

θ − χ∗′(r)
)3 [(log f)′(r)

(
θ − χ∗′(r)

)
+ x∗′′(r)

]
. (D-3)

For the two buyer types,

(log f)′(q)
(5

9 − χ∗′(q)
)

+ x∗′′(q) = −q(10 − 9q2)(54q4 − 335q2 + 350)
15(q2 + 5)(10 − 3q2)(20 − 9q2) ,

(log f)′(q)
(
1 − χ∗′(q)

)
+ x∗′′(q) = −3q(10 − 3q2)(54q4 − 175q2 + 250)

5(q2 + 5)(20 − 9q2)(10 − 9q2) .

Both expressions are strictly negative on (0, 1]. The two polynomials 54y2 − 335y + 350 and
54y2 − 175y + 250 are decreasing on [0, 1] and equal 69 and 129, respectively, at y = 1.

It follows from (D-3) that each Dθ(m, p) is concave in p over the region in which the correspond-
ing threshold is interior. The truncation at demand one preserves concavity because the derivative
drops from zero to a negative value when the threshold enters the support.

For p ∈ [0, 5m/9], both buyer types obtain nonnegative utility. The aggregate demandD(m, p) :=
1
2D5/9(m, p) + 1

2D1(m, p) is nonincreasing and concave. Therefore, Π(m, p) := pD(m, p) is concave
on this interval because Πpp = 2Dp + pDpp ≤ 0 on every smooth segment, with downward jumps
in slope at the remaining kinks.

At p = χ∗(m), both types rank sellers by quality, so D5/9(m,χ∗(m)) = D1(m,χ∗(m)) = F (m).
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Moreover,

∂D(m, p)
∂p

∣∣∣∣
p=χ∗(m)

= −f(m)Γ(χ∗′(m)).

Using (D-2),

∂Π(m, p)
∂p

∣∣∣∣
p=χ∗(m)

= F (m) − χ∗(m)f(m)Γ(χ∗′(m)) = 0.

Since χ∗(m)/m = (m2 + 5)/15 ≤ 2/5 < 5/9, the candidate lies in the region in which both types
are active. Concavity therefore makes χ∗(m) optimal over [0, 5m/9]. At m = 1, the preceding
derivative is the right derivative at the demand-saturation kink; the left derivative is positive, so
the same conclusion follows.

Now consider p ∈ [5m/9,m], where only the high type can purchase. Let d := D1(m, p). If
d > 0, let r solve r − χ∗(r) = m − p. At the lower price p/2, high-type demand is strictly greater
than d. For the low type,

5
9m− p

2 −
(5

9r − χ∗(r)
)

= p

18 + 4
9χ

∗(r) > 0.

Low-type demand at p/2 is therefore also strictly greater than d, and

Π
(
m,

p

2

)
>
p

2d = Π(m, p).

Thus, every positive-demand price that targets only the high type is strictly dominated. Prices
above m generate no demand. We conclude that χ∗(m) is a global maximizer for every m ∈ [0, 1].
Setting m = q establishes the symmetric equilibrium of the full-information pricing game.

Step 3: Identify a concave value region. Next we compute the posterior-mean value function
and identify an interval on which pooling is valuable. Since Step 2 applies to every m ∈ [0, 1],

V (m) = χ∗(m)F (m).

Differentiating twice gives

V ′′(m) = −F (m)567m6 − 3480m4 + 7500m2 − 4000
3m(m2 + 5)(20 − 9m2)2 , m ∈ (0, 1]. (D-4)

Let ψ(y) := 567y3 − 3480y2 + 7500y − 4000. Since ψ′(y) = 3(567y2 − 2320y + 2500) > 0 on [0, 1]
and ψ(64/81) = 216928/6561 > 0, (D-4) implies V ′′(m) < 0 for every m ∈ [8/9, 1].

Step 4: Construct a profitable pooling deviation. This step converts local concavity into a
strict information-design gain. Define

m := E
[
Qi

∣∣∣∣Qi ≥ 8
9

]
=
∫ 1

8/9 qf(q) dq
1 − F (8/9) .

The seller reveals every qi < 8/9 and continues to charge χ∗(qi), but pools all qi ∈ [8/9, 1] into one
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signal and charges χ∗(m) following that signal. The pooled signal induces posterior mean m, and
Step 2 implies that its optimized conditional payoff is V (m).

Under full revelation, the conditional payoff over the same interval is E[V (Qi) | Qi ≥ 8/9].
Strict concavity of V and nondegeneracy of the conditional distribution give

V (m) > E
[
V (Qi)

∣∣∣∣Qi ≥ 8
9

]
.

The ex-ante gain is therefore(
1 − F

(8
9

))
V (m) −

∫ 1

8/9
V (q)f(q) dq > 0.

Thus, the displayed full-information equilibrium does not survive in the general mechanism space.
Finally, F is atomless and each uθ(·) is strictly increasing, so payoff-relevant seller ties occur

with probability zero under both the full-information profile and the pooling deviation. The result
is independent of the seller tie-breaking rule.
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