
Subsidizing Sequential Search

Salvador Candelas
Penn State

Nicole Immorlica
MSR / Yale

Brendan Lucier
MSR

1



New ways of searching

2



New ways of searching

2



AI Agents

AI assistants act as agents: they process information
and deliver a curated short list or even make a
purchase.

Traditional advertising targets human attention:
clicks, views, impressions.

But assistants, not humans, now search.

How should advertising be reimagined when AI
agents control the market actions?
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Motivation

Advertising as Information
• Reveals existence of products.
• Conveys characteristics such as price or features.
• Yet many goods can only be evaluated through inspection.
• Firms can pay to reduce inspection costs ⇒ subsidizing inspection.

Why Now?
• In the agentic economy, assistants conduct search.
• Attention is metered (tokens, API calls).
• Subsidies can steer which options are inspected first.
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Search with Vertical Uncertainty

Keyword search: black shirt
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But How to Search?

• Random search ⇒ inefficient.
It’s like searching for a needle in a haystack.

• One celebrated solution: ranked list through ad auctions
Google-like: high–type firms bid to be shown first.

• But consumers still pay inspection costs.

What if inspection itself were free / subsidized?
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Subsidizing Inspection

Gift cards • Free trials • Try now, pay later
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This Paper

• Firms can directly subsidize inspection costs.

• Higher subsidies ⇒ lower search cost, more attention.

• Key questions:
• How does this shape the search order?
• Does it lead to efficiency?
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Main Findings

1 Subsidy–sorting principle
Higher–type firms offer larger subsidies; search follows descending order.

2 Efficient equilibrium under refinement
Unique separating outcome minimizes search costs.

3 Platform pricing
Optimal per–token price implements the efficient allocation.
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Related Literature

Consumer Search as Optimal Stopping Problem: Weitzmann, 1979; Chade and
Smith, 2006; ...

Sponsored Search Auctions: Edelman, Ostrosky, and Schwarz, 2007; Varian, 2007;
Athey and Ellison, 2011; ...
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Model of Search



Search with Vertical Uncertainty

• A consumer has a need; n firms may or may not match it.

• Firm private type tj ∈ [0, 1]: probability product satisfies the need.

• Types are i.i.d. from common prior F (full support).

• Consumer searches sequentially.

• Inspects a product ⇒ learns if it matches.

• Each inspection costs c > 0, common and publicly known.

• A successful match yields payoff 1 to both consumer and firm.

12



Environment and Timeline

Environment. Search takes place on a platform. The platform lets firms subsidize
consumers’ inspection cost. Each unit of subsidy costs the firm a price p ∈ R+.

Timeline.
1 Platform sets the per–unit price p (observed by all).
2 Each firm privately learns its type ti ∈ [0, 1].
3 Firms simultaneously announce subsidies si ∈ [0, c].
4 Consumer observes the subsidy profile s = (s1, . . . , sn) and conducts sequential

search.
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Strategies

Firms. A (pure) strategy for firm j is a measurable function

σj : [0, 1] → [0, c], tj 7→ sj = σj(tj).

Symmetry. We restrict attention to symmetric profiles in which all firms adopt the
same subsidy policy σ. The realized subsidy vector is then s⃗ = (sj)

n
j=1, where sj = σ(tj).

Consumer strategy.
• A search policy ι : [0, c]N → R maps subsidy profiles to inspection rules.
• An inspection rule specifies a search path, including stopping, based on the history

of inspected firms and outcomes.
• Belief system: ρ : [0, c]N → ∆([0, 1]N) assigns posteriors over firm types.

14



Symmetric Perfect Bayesian Equilibrium (s-PBE)

A symmetric PBE is a triple (σ, ι, ρ) such that:

1 Consumer best response. Given (σ, ρ), the inspection policy ι maximizes the
consumer’s expected utility:

UC (σ, ι, ρ) = Pr{match} − E

 K∑
j=1

(c − sj)

 .

2 Firm best response. Given (ι, ρ), each firm j with type tj chooses

sj = σ(tj) ∈ arg max
s∈[0,c]

(tj − ps) · Pr{j inspected | ι(s, s−j)}.

3 Belief consistency. ρ is Bayes–consistent on the path of play.
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The Subsidy–Sorting Principle

Theorem

In any symmetric equilibrium (σ, ι, ρ):

1 Monotone subsidies.
Higher–type firms never offer smaller subsidies: σ is weakly increasing.

2 Descending–subsidy search.
The consumer follows the descending–subsidy index rule (DSIR):

• Ordering. Inspect firms in descending subsidy order (ties broken at random).

• Stopping. Continue searching only if the next firm’s expected match benefit > net
inspection cost.
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Monotone Subsidies

Theorem (First part)
In any symmetric equilibrium, the subsidy policy is weakly increasing in type.

Proof sketch. If there’s an inversion, either the lower type or the higher type gains from
deviating to the other’s subsidy.
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Descending-Order Search

Theorem (Second part)
In any symmetric equilibrium, consumer performs search in decreasing-subsidy order.

Proof sketch. A subsidy s reveals that firm’s type lies in the level set σ−1(s).
• Posterior belief about success from a subsidy s is E[t | σ(t) = s]

• Monotone subsidy policy implies higher subsidy has weakly higher belief
• Higher subsidy has lower net inspection cost
• Therefore higher subsidy items more attractive
• So search in decreasing subsidy order; stop if for next item E[t | σ(t) = s] < c − s

Formal proof follows from Weitzman, 1979.
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What We Have Learned So Far

In any equilibrium:

• The subsidy policy is weakly increasing.

• The consumer searches according to the descending–subsidy index rule (DSIR).

What next? We now turn to examples that illustrate the structure of equilibria beyond
these basic properties.
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Subsidy policy examples
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Off-Path Beliefs
Claim. No positive subsidy can be supported in equilibrium.

Pessimistic beliefs: any off-path subsidy is attributed to type 0.
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An intuitive consumer might use the following criterion: who could profit from
deviating?

Firms subsidize only if profits stay non-negative:

π(t, s) = [t − ps] q ≥ 0 =⇒ t/p ≥ s.
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The Intuitive Criterion

The Intuitive Criterion.
• Ask: who could profit from deviating to this subsidy?
• If only higher types would benefit, assign belief to higher types.
• If no type can profit, put zero belief on the deviation.

Implication here.
• Any interior pooling at s ∈ (0, c) unravels:

• A slightly higher subsidy improves rank,
• Intuitive Criterion attributes this deviation to higher types,
• ⇒ deviation is profitable.

• The only pooling that survives is at the cap s = c , where further increases are
infeasible.
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Consumer Optimal Equilibrium

Theorem
Aside from the no–inspection region, there is a unique subsidy policy that survives the
intuitive criterion.

This policy has a simple form:
• No subsidy.* Low types do not subsidize and are never inspected.
• Strictly increasing subsidies. Intermediate types fully reveal by offering strictly

increasing subsidies.
• Pooling at the top. High types pool at the full subsidy c , and ties are broken

uniformly at random.

This is the consumer optimal equilibrium.
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Consumer Optimal Equilibrium
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Note: Consumers search optimally as if they knew the types!
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Conclusion

• Advertising creates competition among firms for human attention.
• In agentic markets, subsidized search can replace advertising.
• Consumers benefit from this structure, performing optimal search in equilibrium.
• Platforms provide the service of subsidizing costs at a fee; if they set the fee to

maximize revenue this further helps consumers and harms firms as it results in
excessive search.
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