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Abstract

We propose a new framework for banner ad auctions, leveraging diffusion models to allow
for multiple bidders to co-win a single banner ad opportunity, and in particular influence the
ad shown on the banner depending on the strength of their bids, enabling a far richer outcome
space compared to standard banner ad auctions, where there is a single winner who shows their
ad. In our framework, the outcomes are images (what ad to show) and each bidder expresses
their preferences over outcomes by declaring their value per unit of alignment between the
image chosen by the mechanism and a textual description of their desired image. Our proposed
mechanism combines the advertisers’ bids and textual descriptions into a score that drives the
reverse process of a diffusion model. This is used to sample a set of candidate images from which
the welfare maximizing one is eventually chosen. Extensive experimentation evaluates our
proposed mechanism around the following axes: (1) efficiency improvements of our allocation
rule relative to the single-winner allocation rule; (2) monotonicity of our allocation rule; and (3)
approximate incentive compatibility when combining our allocation rule with Myerson lemma-
based or Clarke rule-based payments. Improvements along all these axes are shown with the
number of Monte Carlo samples. Meanwhile, these benefits are attained while preserving the
image quality.
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1 Introduction

Online advertising auctions, including sponsored search and banner ad auctions, are a cornerstone
of the digital economy. A fundamental limitation of these auctions, however, is that they make
discrete allocations, in that every ad opportunity is allocated to a single advertiser. However, this
might leave economic efficiency on the table. It stands to reason that augmenting the allocation
space to allow multiple advertisers to co-win an advertising opportunity and co-influence the
shown ad according to their combined preferences could substantially improve efficiency in many
contexts. The challenge is that, in order to unlock this source of increased efficiency, the allocation
rule of the mechanism needs to optimize over images to output one that is both natural and
aggregates the advertisers’ preferences according to the strength of their bids. The goal of this
paper is to investigate how to do this by combining methods from mechanism design and diffusion
models.

Taking a step back, our work belongs to a growing line of literature investigating the interface
between mechanism design and generative AI. While monetization of generative AI is certainly
one motivation for pursuing this line of research, our motivation is different. We want to explore
whether generative AI can be leveraged to overcome the limitation of optimizing over a discrete
set of candidate allocations, encountered in many mechanism design settings involving digital
goods. When a generative model for this type of goods is available, the outcome of the auction can
be taken to be much richer and the allocation of the auction can leverage the generative model to
select from this richer set of alternatives.

Consider banner ads, for example. In a standard banner ad auction, the allocation rule of the
auction effectively selects one (or none) out of a finite set of banners corresponding to the different
bidders, as there is at most one winner of the auction. Instead, we want to think of the outcome
space as continuous, allowing all possible images to be placed on the banner! By allowing a larger
set of outcomes, we can combine the preferences of multiple bidders in the chosen allocation, and
increase the efficiency, or other economic property of the auction.

Analogous opportunities arise for other data modalities. Consider, e.g., asking “What should I do
in Boston?” to a Large Language Model (LLM). The LLM’s response could be:

Boston is a great city for Italian food. . . Try f<Italian Restaurant Ad 1>g in the North End,
then stop by f<Local Shop Ad 2>g for souvenirs.

By allowing multiple bidders to influence the text generation process, we can allow multiple
advertisers to win exposure from the answer to a single query. Indeed, recent works by Dütting
et al. (2024); Hajiaghayi et al. (2024); Feizi et al. (2023); Dubey et al. (2024) make various different
proposals for how to use mechanism design methods in auto-regressive generation to enable
multiple advertisers to influence the sampled text according to their bid strength.

Our goal in this paper is to study the visual domain and, in particular, to explore how diffusion
models, as opposed to autoregressive ones, can be leveraged to enable mechanisms whose allocation
space is the continuum of all possible images. To fix ideas, consider the banner ad auction example
discussed earlier. We want to design an auction whose goal is to select what content to show on
a banner, when there are several advertisers interested to show their advertising content on the
banner, and we want to allow any possible content to appear on the banner (subject perhaps to
certain ground rules that prevent offensive or otherwise undesirable content). To approach this
question we need to model how different bidders express their preferences, how the allocation rule
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