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ABSTRACT

This thesis explores the phenomenon of algorithmic collusion, a term used to describe scenarios
where pricing algorithms facilitate, enable, or even autonomously engage in explicit or tacit
collusive behavior. In recent years, this issue has drawn significant attention within the global
antitrust community, as highlighted by the extensive body of research stemming from Ezrachi and
Stucke’s seminal work, Virtual Competition (2016).

The debate surrounding algorithmic collusion is driven by three main concerns. First, pricing
algorithms may indirectly foster human collusion by enhancing market transparency, simplifying
coordination, and easing enforcement. Second, algorithms can act as tools for firms to implement
collusive strategies, making such behavior more stable and less detectable. Third, and most
critically, Al-driven algorithms might independently learn to collude without explicit
programming, raising the question of whether firms should bear responsibility for unintended
collusive outcomes.

Against this backdrop, this research seeks to “decode the puzzle” of algorithmic collusion,
focusing on its compatibility with the EU antitrust legal framework, specifically Article 101 TFEU
on agreements and concerted practices. The study is structured around three objectives: (1)
categorizing algorithmic collusion based on existing literature, (2) assessing the applicability of
Article 101 TFEU to each category, and (3) proposing alternative remedies where Article 101
proves insufficient.

The findings reveal that when pricing algorithms act as tools to support collusive strategies, Article
101 TFEU should apply, and the use of such algorithms may influence the severity of fines. For
autonomous algorithmic collusion, which often mimics human behavior, explicit collusion can be
addressed under Article 101 through an expansive interpretation of “meeting of minds”. Even
when firms do not directly program algorithms to collude, they can still be held liable based on
principles of vicarious liability. However, tacit collusion, whether human or algorithmic, remains
outside the scope of Article 101 due to the legal acceptance of outcomes driven by
interdependence.

This thesis challenges the exclusion of algorithmic tacit collusion from antitrust scrutiny, arguing
that algorithms could make tacit collusion more pervasive and effective than human-driven
interdependence. As such, the legal treatment of algorithmic tacit collusion warrants reevaluation.
To address this, the thesis maps and evaluates existing remedies within and beyond the antitrust
framework, while also proposing new approaches. Central to this is the concept of ‘outcome
visibility,” which holds firms accountable for the observable market effects of their algorithms,
even when unintentional. By advancing this framework, the thesis contributes to bridging
regulatory gaps and ensuring that antitrust law keeps pace with technological advancements.
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CHAPTER 1
ALGORITHMIC PRICING AND ITS IMPLICATIONS FOR COMPETITION LAW

Summary: 1. Introduction — 2. Personalized pricing — 2.1. Definition of personalized pricing — 2.2.
Understanding whether personalized pricing is unlawful requires establishing whether competition
law privileges consumer welfare or total welfare — 2.3. The appropriate legal basis to address
personalized pricing under EU competition law — 3. Algorithmic collusion — 3.1. The research
questions raised by algorithmic collusion — 3.2. Goal and scope of the research — 4. Conceptual
and terminological clarifications — 4.1. Definition of “algorithm” — 4.2. Categorization of pricing
algorithms — 4.2.1. Categorization by task — 4.2.2. Categorization by degree of sophistication — 5.

Conclusions
1. Introduction

In recent years, we have witnessed a significant shift in how firms make decisions, as they
progressively move from human judgement to algorithmic systems. Tasks that were once firmly
in the hands of human employees — such as inventory management, customer service, and data
analysis — are now being handed over to algorithmic software, often powered by Artificial
Intelligence (Al). The logic behind this transformation is straightforward: algorithms can work
faster, more accurately, and with greater objectivity than their human counterparts, ultimately

driving long-term profitability for businesses.

This “algorithmic revolution™ is also impacting firms’ pricing decisions. Until recently, companies
and physical stores relied on dedicated staff to set prices. Now, increasingly, firms are turning to
algorithmic pricing, defined as a computerized, automated, real time pricing mechanism which
relies on pricing algorithms.! This technology can either assist humans in making pricing decisions

or, in many cases, operate entirely on its own, without human intervention.

! Peter Seele et al., “Mapping the Ethicality of Algorithmic Pricing: A Review of Dynamic and Personalized
Pricing’ (2021) 170 Journal of Business and Ethics 697, 698. The definition of algorithm and the various
categories of pricing algorithms will be provided in section 4.



Initially emerged in the financial sector, algorithmic pricing has rapidly spread across industries,
including e-commerce, travel, and ride-sharing services.? Even traditional brick and mortar
retailers are beginning to feel its effects.® While it remains unclear how extensively firms rely on
algorithmic pricing today, evidence suggests a growing trend. For instance, in the European Union
(EV), the E-commerce Sector Inquiry conducted by the Commission between 2015 and 2016
gathered data from 1051 retailers, nearly all operating online. The inquiry revealed that a majority
of retailers were using automated software to track competitors’ prices, with two-thirds adjusting
their own prices accordingly.* Similarly, in the United States (US), some researchers developed a
methodology to identify algorithmic pricing on Amazon Marketplace and discovered at least 500

sellers likely using algorithmic pricing.®

While these studies offer only a snapshot of the broader trend,® there is little doubt that algorithmic
pricing is poised to become a dominant phenomenon in the near future. This shift has important

implications for competition and, by extension, competition law.

2 Salil K. Mehra, ‘Antitrust and the Robo-Seller: Competition in the Time of Algorithms’ (2016) 100
Minnesota Law Review 1323, 1334 and footnotes accompanying the text.

¥ OECD, Algorithmic Competition — OECD Competition Policy Roundtable Background Note (2023) 11
available at <https://web-archive.oecd.org/temp/2024-01-22/652359-algorithmic-competition.htm> (last
accessed November 2024).

* Report from the Commission to the Council and the European Parliament — Final Report on the E-
Commerce Sector Inquiry, Staff Working Document Accompanying the Document SWD(2017) 154 final,
part 1/2 paras 147-157 and 602-606.

® Le Chen, Alan Mislove, Christo Wilson, ‘An Empirical Analysis of Algorithmic Pricing on Amazon
Marketplace’ (2016) WWW '16: Proceedings of the 25th International Conference on World Wide Web
1339 available at < https://dl.acm.org/doi/10.1145/2872427.2883089> (last accessed November 2024).

® See also the studies conducted by some national competition authorities which show, among other things,
survey results on firms’ use of pricing algorithms. Netherlands Authority for Consumers and Markets,
‘Algorithmic Trading in Wholesale Energy Markets’ (2024) available at
<https://www.acm.nl/en/publications/acm-market-study-algorithmic-trading-wholesale-energy-markets>
(last accessed April 2025); Netherlands Authority for Consumers and Markets, ‘Position Paper Oversight
of algorithms’ (2020) available at <https://www.acm.nl/en/publications/study-oversight-algorithmic-
applications> (last accessed November 2024); Norwegian Competition Authority, ‘What Effect Can
Algorithms Have on Competition? — The Norwegian Competition Authority’s market survey on the use of
monitoring and  pricing algorithms’ (2021) English translation available at
<https://konkurransetilsynet.no/wp-content/uploads/2021/03/Report-Algorithms-english-version-
2021.pdf> (last accessed November 2024).



On the one hand, algorithmic pricing brings clear efficiency gains and pro-competitive effects.’
For businesses, pricing algorithms provide significant advantages over manual price setting.
Dynamic pricing algorithms, for example, adjust prices in real time based on market conditions
and competitors’ prices, while personalized pricing algorithms enable firms to differentiate prices
for individual consumers or groups of consumers, extracting maximum value from each
transaction. This not only streamlines pricing operations, reducing production costs,® but also

drives innovation as more firms adopt these tools, pushing traditional competitors to keep up.®

Consumers, too, stand to benefit from this transformation. They gain indirectly from lower prices,
higher quality products, personalized offers, and greater market transparency. Just as companies
are adopting algorithms for sales, so too are consumers for shopping — using tools like price
comparison websites to make smarter purchasing decisions.'? Research even suggests that digital
assistants will soon play a larger role in helping consumers make their choices, ushering in an era

of “algorithmic consumers”.*!

Yet, as with any technological shift, algorithmic pricing raises new challenges, including for
competition law. This growing reliance on pricing algorithms has indeed sparked significant
interest among academics, policymakers, and antitrust practitioners worldwide. Two major
concerns dominate the current debate: personalized pricing, which uses pricing algorithms and

customers’ data to set prices aligned with their willingness to pay, and algorithmic collusion, where

" OECD, Algorithms and Collusion: Competition Policy in the Digital Age (2017) 14-18

<www.oecd.org/competition/algorithms-collusion-competition-policy-in-the-digital-age.htm> (last
accessed November 2024).

8 1bid. 15.

% lbid. 14.

10 Ibid. 17. See also UK Digital Competition Expert Panel, ‘Unlocking digital competition. Report of the
Digital Competition Expert Panel’ (2019) 3 available at

<https://www.gov.uk/government/publications/unlocking-digital-competition-report-of-the-digital-
competition-expert-panel> (last accessed November 2024).

11 Michal S. Gal and Niva Elkin-Koren, ‘Algorithmic Consumers’ (2017) 30 Harvard Journal of Law &
Technology 311.



pricing algorithms facilitate — or directly implement — coordinated pricing strategies that achieve

stable, supra-competitive outcomes.*?

This dissertation focuses only on algorithmic collusion for two connected reasons. First,
personalized pricing and algorithmic collusion are behaviors that are unlikely to coexist
effectively, as their simultaneous implementation would likely undermine the profitability and
practicality of each.'® Specifically, personalized pricing complicates the identification of a single,
jointly profit-maximizing price across a market, as it requires consideration of an expanding array
of individualized parameters. As will be discussed more in detail, personalized pricing involves
setting different prices for different consumers rather than adhering to a uniform market price.
Consequently, in markets with highly customized transactions, the absence of a uniform price

makes it significantly more challenging for pricing algorithms to coordinate effectively.

Similarly, the maintenance of a collusive equilibrium through algorithms appears incompatible
with personalized pricing strategies. Firms pursuing algorithmic collusion would likely be
discouraged from implementing personalized pricing, given the operational and strategic conflicts

between these approaches.** Therefore, studying these phenomena in isolation — or at least with

12 OECD (n 3) 8; and UK Competition and Markets Authority (a), ‘Pricing Algorithms: Economic Working
Paper on the Use of Algorithms to Facilitate Collusion and Personalized Pricing’ (2018)
<https://www.gov.uk/government/publications/pricing-algorithms-research-collusion-and-personalised-
pricing> (last accessed November 2024). To be sure, more recent studies have focused on algorithmic
exclusionary practices, including self-preferencing, predatory pricing, rebates, and tying and bundling, as
well as on algorithmic exploitative conduct, such as excessive pricing. For further details see OECD (n 3)
17-25; and UK Competition and Markets Authority (b), ‘Algorithms: How they can reduce competition and
harm consumers’ (2021) <https://www.gov.uk/government/publications/algorithms-how-they-can-reduce-
competition-and-harm-consumers/algorithms-how-they-can-reduce-competition-and-harm-consumers>
(last accessed November 2024).

13 See Viktoria H.S.E. Robertson, ‘Algorithmic Pricing A Competition Law Perspective on Personalised
Prices” (2023) Graz Law  Working  Paper No. 08-2023 17  available at
<https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4422896> (last accessed November 2024); Michal
S. Gal, ‘Algorithms as Illegal Agreements’ (2019) 34 Berkley Technology Law Journal 67, 91-92; and
Joseph E. Harrington, Jr., ‘Developing Competition Law for Collusion by Autonomous Artificial Agents’
(2018) 14 Journal of Competition Law and Economics 331, 354.

14 While recognizing the negative relationship between personalized pricing and algorithmic collusion,
some authors have nonetheless identified possible strategies that firms may use to combine both practices.
For example, Gal argues that «[f]irms may reach market-division agreements (e.g., Firm A sell to businesses
and Firm B sell to individuals), where they all agree not to enter each other’s market segment, and each can

10



an emphasis on their incompatibility — seems more productive® as their (positive) intersection
appears implausible.® In this dissertation, we have opted for the former approach, focusing solely

on algorithmic collusion to better explore its dynamics and implications.

Second, we have already explored personalized pricing in a previous publication, and we now wish

to shift the focus to algorithmic collusion.

Nevertheless, in order to provide a comprehensive framework for this discussion, this chapter sets
the stage by addressing both topics. Section 2 outlines the key findings from our earlier work on
personalized pricing, while Section 3 introduces algorithmic collusion, outlining the primary
research questions it raises, with a more detailed analysis reserved for later chapters. Finally,

Section 4 defines key concepts and terminology that will be used throughout the dissertation.
2. Personalized pricing

From the perspective of a competition law scholar, it is hardly surprising that the primary research
question surrounding personalized pricing is whether this practice is anticompetitive and, as such,
infringes EU competition law. To address this question meaningfully, two preliminary and
interrelated issues must first be explored: (i) defining a clear notion of personalized pricing, as the
law currently provides none, and (ii) assessing the economic effects of personalized pricing. In a
discipline like antitrust law, this latter step is essential, as any conclusion regarding the legality of

a given practice must rest on sound economic theory.

exploit information regarding consumer preferences in its designated market. Another possibility is that all
firms will come to possess similar information, either because consumers’ individual preferences are easily
calculated, or because all firms refer to a common database and similar data analysis tools. If so, firms can
in theory coordinate with respect to the prices charged to each and every consumer. While such coordination
would be almost impossible for humans, it can be facilitated by algorithms under certain market conditions.
Alternatively, the difficulties involved in coordination might lead to market equilibriums that, while not
fully embracing personalized pricing, would still increase all player’s profits under the circumstances».
Robertson, instead, contends that firms could collude on the personalized pricing algorithms to be used.
Ibid.

15 Nicolas Petit, ‘Antitrust and Artificial Intelligence: A Research Agenda’ (2017) 8 Journal of European
Competition Law and Practice 361.

18 For an opposite view, analyzing the synergies between price discrimination and algorithmic collusion see
Salil K. Mehra, ‘Price Discrimination-Driven Algorithmic Collusion: Platforms for Durable Cartels’ (2021)
26 Stanford Journal of Law, Business & Finance 171.
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In our paper, we focused on these foundational questions and sought to provide answers.!’
However, we did not address other, equally significant, questions — for instance, the prevalence of
personalized pricing or empirical evidence of its use.'® Nor did we explore its implications for
other legal domains, such as consumer protection or data protection law, which remain important

but outside the scope of our study.*®

2.1 Definition of personalized pricing

While the practice of tailoring prices to different groups of customers is nothing new, the rise of
algorithmic software and big data analytics has made this process easier, more precise and
sophisticated, leading to the rise of personalized pricing (also referred to in the text as “price

personalization™). Today, companies can collect data on everything from a user’s online behavior

17 Valeria Caforio and Mariateresa Maggiolino, ‘EU Competition Law and Personalized Pricing’
forthcoming in Mateusz Grochowski and Fabrizio Esposito (eds), The Cambridge Handbook on
Personalized Pricing and the Law (Cambridge University Press 2024).

18 Indeed, many studies suggest there is not enough evidence to show that personalized pricing is widely
used to date. See OECD (n 3) 12, suggesting that the uncertainty surrounding personalized pricing can be
reconducted either to its limited implementation — stemming from firms’ concerns over potential consumer
backlash — or to the lack of transparency in how firms deploy these pricing strategies.

1% An important aspect of personalized pricing is consumer perception. Despite the potential for some
consumers to benefit from lower prices, research shows that personalized pricing is generally viewed
negatively (see in this regard Natali Helberger et al., EU Consumer Protection 2.0.: Structural Asymmetries
in Digital Consumer Markets, A joint report from research conducted under the EUCP2.0 project, BEUC
(2021) 114-115; and Andreas Leibbrandt, ‘Behavioral constraints on price discrimination: Experimental
evidence on pricing and customer antagonism’ (2020) 121 European Economic Review 103303. In
particular, the use of big data and algorithms to set prices often appears opaque and manipulative, leading
consumers to feel that pricing is arbitrary and beyond their control. Therefore, it is worth exploring whether
personalized pricing violates consumer and data protection laws and how to harness its benefits while
making it acceptable to consumers. See in this respect Pascale Chapdelaine, ‘Algorithmic Personalized
Pricing: A Personal Data Protection and Consumer Law Perspective’ (2024) 102 The Canadian Bar Review;
Zeyu Zhao, ‘Algorithmic Personalized Pricing with the Right to Explanation’ (2023) 19 Journal of
Competition Law and Economics 367; Fabrizio Esposito, ‘The GDPR enshrines the right to the impersonal
price’ (2022) 45 Computer Law and Security Review 105660; Christophe Samuel Hutchinson and Diana
Trescakova, ‘The challenges of personalized pricing to competition and personal data protection law’
(2022) 18 European Competition Journal 105; Fabrizio Esposito, ‘Making Personalised Prices Pro-
Competitive and Pro-Consumers’ (2020) Cahiers due CeDIE Working Papers 2020/02 available at
<https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3777595> (last accessed November 2024).
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to their preferences, creating detailed profiles that allow them to gauge how much each individual

is willing to pay with unprecedented accuracy.?°

In the academic literature, it is widely accepted that personalized pricing is a form of price

discrimination®* where companies use big data and sophisticated algorithms to estimate each

20 Cristopher Townley et al., ‘Big Data and Personalized Price Discrimination in EU Competition Law’ in
Albors-Llorens A. et al. (eds.), Yearbook of European Law (Oxford University Press 2017) vol. 36, 683,
684-685.

21 In economics, price discrimination (also known as “discriminatory pricing” or “differential pricing”)
refers to a strategy where a firm sells the same product or service to different buyers or groups of buyers at
varying prices, assuming that its production costs are unchanged. The aim is to charge each buyer a price
that reflects their willingness to pay, thereby maximizing profits by capturing as much consumer surplus as
possible.

For price discrimination to be successful and profitable, certain economic conditions must be met. First, the
firm must have some degree of market power, meaning it operates in a market that is not perfectly
competitive. In perfectly competitive markets, firms cannot engage in price discrimination without losing
profits and thus charge uniform prices equal to their marginal costs.

Second, arbitrage must be prevented. If low-end buyers can resell a product to high-end buyers, the
profitability of differential pricing is compromised. This prevention can be due to the intrinsic
characteristics of the product or through active measures by the firm, such as imposing restrictions on
parallel imports.

Third, the firm must be able to estimate customers’ willingness to pay. This typically involves gathering
and analyzing data about buyers’ behaviors or characteristics to approximate the value they attribute to the
product or service.

Price discrimination can be categorized based on how accurately it targets customers. First-degree price
discrimination, also known as perfect price discrimination, involves charging each customer the exact
maximum they are willing to pay. While this strategy is theoretically ideal, it is rarely feasible in practice.
Second-degree price discrimination, also called menu pricing, involves offering different versions of a
product at different prices, allowing buyers to select the option that best matches their willingness to pay.
Over time, if firms can retain and use buyer information, this can approach perfect discrimination. Finally,
third-degree price discrimination involves grouping customers based on observable criteria like age or
location and offering each group a different price.

The body of economic literature on price discrimination is extensive. Here are a few notable examples,
though this list is by no means exhaustive: Lars A. Stole, ‘Price Discrimination and Competition’ in Mark
Armstrong and Robert Porter (eds.), Handbook of Industrial Organization, 3 vols. (North-Holland 2007)
vol. 3 2221; Mark Armstrong, ‘Price Discrimination’ (2006) MPRA Paper available at
<https://discovery.ucl.ac.uk/id/eprint/14500/1/14500.pdf> (last accessed November 2024); Damien
Geradin and Nicolas Petit, ‘Price Discrimination under EC Competition Law: Another Antitrust Doctrine
in Search of Limiting Principles?” (2006) 3 Journal of Competition Law and Economics 479; Massimo
Motta, Competition Policy — Theory and Practice (Cambridge University Press 2004) 491; Harl R. Varian,
‘Price Discrimination’, in Richard Schmalensee and Robert Willing (eds), Handbook of Industrial

13



customer’s willingness to pay — i.e., the maximum price they are prepared to pay for a given
product or service. Based on these estimates, firms charge different prices to different customers
or customer segments for the same or similar products or services.?? As a result, customers who
are willing to pay more are charged higher prices, while those willing to pay less are offered lower
prices.”® From a business’ perspective, the goal is to maximize profits by capturing as much

consumer surplus as possible.?*

Although it is widely accepted that personalized pricing originates from traditional price
discrimination, the specific points of overlap and distinction between the two practices remain

unclear.

Organization (North-Holland Publishing Company 1989), vol I, 597-654; Jean Tirole, The Theory of
Industrial Organization (The MIT Press 1988) 133; Harl R. Varian, ‘Price Discrimination and Social
Welfare’ (1985) 75 The American Economic Review 870; Louis Philps, The Economics of Price
Discrimination (Cambridge University Press 1983); Arthur Cecil Pigou, The Economics of Welfare (4™
edn, Macmillan 1932).

22 Here are some examples of competition law literature on personalized pricing: Robertson (n 13);
Hutchinson and Tres¢akova (n 19) 105; Marco Botta and Klaus Wiedemann, ‘To discriminate or not to
discriminate? Personalised pricing in online markets as exploitative abuse of dominance’ in European
Journal of Law and Economics 50 (2020) 381; Chiara Muraca and Mariateresa Maggiolino, ‘Personalized
Prices under EU Competition Law’ (2019) 40 European Competition Law Review 483; Ramsi A.
Woodcock, ‘Personalized Pricing as Monopolization’ (2019) 51 Connecticut Law Review 311; Inge Graef,
‘Algorithms and Fairness: What Role For Competition Law in Targeting Price Discrimination Towards
End Consumers?” (2018) 24 Columbia Journal of European Law 541; Mariateresa Maggiolino,
‘Personalized Prices in European Competition Law’ (2017) Bocconi Legal Studies Research Paper No.
2984840, available at <https://ssrn.com/abstract=2984840> (last accessed November 2024); Townley et al.
(n 20) 683; Ariel Ezrachi and Maurice E. Stucke, Virtual Competition: The Promise and Perils of the
Algorithm-Driven Economy (Harvard University Press 2016) 83-143. For policy papers, key references are:
Peter Rott, Joanna Strycharz, and Frank Alleweldt, Personalised Pricing (European Parliament —
Publication for the Committee on Internal Market and Consumer Protection, Policy Department for
Economic, Scientific and Quality of Life Policies 2022); OECD, Personalized Pricing in the Digital Era —
Background Note by Secretariat, 28 November 2018, DAF/COMP (2018)13; OFT, Personalised Pricing —
Increasing Transparency to Improve Trust, May 2013 available at
<https://webarchive.nationalarchives.gov.uk/ukgwa/20140402142426/http://www.oft.gov.uk/shared_oft/
markets-work/personalised-pricing/oft1489.pdf> (last accessed November 2024).

23 The same result can be achieved through the use of personalized rebates. See Robertson (n 13) 3.

24 Herber Hovenkamp, Federal Antitrust Policy: The Law of Competition and its Practice (West Academic
Publishing, 5" edn 2016).
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One key issue is whether personalized pricing encompasses all forms of price discrimination (first,
second, and third-degree). Many scholars equate personalized pricing with first-degree
discrimination, or perfect discrimination, where firms charge each customer the maximum price
they are willing to pay, thereby capturing the entire consumer surplus.?® Others argue that
personalized pricing represents a more granular version of third-degree discrimination. In line with
the OECD’s perspective, we argue that personalized pricing can embody all forms of price

discrimination, including second-degree.®

However, personalized pricing differs from traditional price discrimination in its greater precision
when estimating consumer’s willingness to pay. For example, in third-degree personalization,
consumer segments are more numerous and narrowly defined.?” In second-degree personalization,
the pricing options offered to customers are more complex, often combining product features and
pricing in a highly tailored manner. Furthermore, while first-degree discrimination is typically seen
as difficult to achieve in practice, advances in big data analytics and pricing algorithms now enable
companies to closely approximate individual consumers’ willingness to pay with such precision
that perfect personalization may soon become a reality. 28 Thus, even though personalized pricing
is not limited to first-degree (perfect) personalization, it can be at least argued first that this form

represents the most typical expression of personalized pricing.

Additionally, the three conditions required for price discrimination — market power, the absence
of arbitrage, and the ability to measure customers’ willingness to pay — are also applicable to
personalized pricing. However, in the context of personalized pricing, the ability to accurately

estimate consumers’ willingness to pay becomes especially crucial.

Finally, we contend that personalized prices, like discriminatory prices, can be applied not only to
individual consumers but also businesses. While personalized pricing is often viewed as a

consumer-focused strategy, there is no reason to exclude its potential application in business-to-

% Rott, Strycharz, and Alleweld (n 22) 9.
26 OECD (n 22) 8.

2 Marc Bourreau and Alexandre De Streel, ‘The regulation of personalized pricing in the digital era’ 25
September 2020, DAF/COMP/WD(2018)150 available at
<https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3312158> (last accessed November 2024).

28 Botta and Wiedemann (n 22) 384.
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business contexts. Companies may well use personalized pricing strategies with their corporate

clients to the same effects.?°

Therefore, in conclusion, although personalized pricing is derived from traditional price
discrimination and the two practices have many commonalities, still some features distinguish the
first from the latter. These include: (i) the use of advanced technology to analyze customer
characteristics and behaviors; (ii) the precision with which companies can profile and segment
their customers using these tools; and (iii) the ability to nearly perfectly estimate individual
customers’ willingness to pay. As a result: (i) unlike perfect discrimination, first-degree price
personalization may become a feasible reality in the long run, and (ii) the third requirement for
successful personalization (i.e., the ability to estimate customers’ willingness to pay), is now more

easily achievable than in traditional forms of price discrimination.*

2.2. Understanding whether personalized pricing is unlawful requires establishing whether

competition law privileges consumer welfare or total welfare

Having clarified what personalized pricing is, in order to understand whether personalized prices

are desirable or not, it is essential to examine their impact on competition.

The academic literature has demonstrated that the effects of price personalization on competition
are ambiguous.® This ambiguity can be interpreted in two ways. First, it indicates that reaching a
definitive conclusion about the economic effects of personalized pricing on competition is
challenging. Numerous economic models suggest that these effects can vary significantly,
essentially depending on two factors: market structure and the type of information firms have about
their customers.3 For instance, perfect price personalization — where firms charge each customer
a price equal to their willingness to pay — has different competitive effects in a monopolistic market
compared to an imperfectly competitive market where firms only have imperfect information
about their customers. Even in imperfectly competitive markets, personalized pricing can either

increase or reduce competition depending on the specific type of information used to set

2 For example, in its report about personalized pricing, the former UK Office of Fair Trading only refers
to business-to-consumer relationships. See OFT (n 22) 2.

% For a more extensive discussion see Caforio and Maggiolino (n 17).
31 Townley et al. (n 20) 744-745; and Botta and Wiedemann (n 22) 388.
32 Townley et al. (n 20) 692.
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personalized prices.®® This variability suggests that analyzing the competitive effects of
personalized pricing on a case-by-case basis is more appropriate than attempting a one-size-fits-

all conclusion.®*

Second, the welfare effects of personalized pricing are also ambiguous. Typically, practices that
harm consumer welfare also negatively affect total welfare.3> For example, cartels or abuses of
dominant positions reduce both consumer welfare and total welfare. However, this is not the case
for personalized pricing — and in particular for perfect price personalization by a monopolist.

Indeed, this practice produces opposite effects on total welfare and consumer welfare.*

% In particular, when companies have information on customers’ brand preferences, price personalization
tends to intensify competition and increase consumer welfare. Sellers charge higher prices to those who
prefer their brand while offering significant discounts to attract customers from rival brands. Conversely,
when companies have information on customers’ search costs, personalized pricing tends to weaken
competition and reduce consumer welfare. Sellers charge low prices to price-sensitive customers and high
prices to those with high search costs. Because these customers are less likely to compare prices, sellers
have less incentives to compete aggressively with lower prices. As a consequence, this type of price
personalization can reduce competition compared to uniform pricing. Ibid. 692-693. For economic studies
on the effects of price discrimination on competition in oligopolistic markets see David Ulph and Nir
Vulkan, ‘Electronic Commerce and Competitive First-Degree Price Discrimination’ (2000) ESRC Centre
for Economic Learning and Social Evolution (UCL) Working paper available at
<https://www.researchgate.net/publication/2421241 Electronic_Commerce_and_Competitive First-
Degree_Price_Discrimination_Working_Paper> (last accessed November 2024); Kenneth S. Corts, ‘Third-
Degree Price Discrimination in Oligopoly: All-Out Competition and Strategic Commitment’ (1998) 29
RAND Journal of Economics 306; and Thomas J. Holmes, ‘The Effects of Third-Degree Price
Discrimination in Oligopoly’ (1989) 79 American Econic Review 244.

% Botta and Wiedemann (n 22) 388.

3 We interpret consumer welfare and total welfare according to standard economic theory. Consumer
welfare is the sum of individual consumers’ surplus — the difference between what a consumer is willing to
pay and the actual price paid for a product or service. This concept shows how wealth is distributed between
consumers and producers. Total welfare, on the other hand, is the sum of consumer welfare and producer
welfare (the sum of all profits made by producers in an industry). It is closely tied to static efficiency, which
ensures that resources are allocated optimally and that goods and services are produced at the lowest
possible cost. Using an illustrative example, consumer welfare focuses on how the cake is divided among
the various market actors, while total welfare looks at the overall size, regardless of how the slices are
divided between consumers and producers. See Motta (n 21) 18; and Federico Ghezzi and Gustavo Olivieri,
Diritto Antitrust (Giappichelli 3rd edn 2023) 47-50.

% Motta (n 21) 19.
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On the one hand, perfect price personalization increases output to the level of a perfectly
competitive market. Imagine two consumers, A and B. A has a willingness to pay of, say, 10, while
B has a willingness to pay equal to 6. Firm X sells, let us say, books. With a uniform price of 8
(meaning each book is sold at 8) only A can afford the book, while B is excluded from the purchase.
Thus, under uniform prices, X only sells one book. But if X can sell books at personalized prices
— respectively, 10 to A and 6 to B — then both consumers can buy the product. Thus, X can sell
books to both A and B and it ultimately sells two books. Put it differently, with perfect
personalization, consumers who could not afford goods and services at a uniform price can

purchase them at personalized prices, driving sales growth and maximizing total welfare.

On the other hand, the same practice zeroes out consumer welfare because the monopolist captures
the entire consumer surplus, resulting in a wealth transfer from consumers to producers.®” With
uniform prices, A, who has a willingness to pay of 10, pays a single book 8. Thus, they retain a
share of consumer surplus (consumer surplus is equal to consumers’ willingness to pay minus the
price paid) equal to 2. Differently, with personalized prices, A’s surplus is equal to 0, because X
charges a price which corresponds exactly to their willingness to pay. In other words, personalized
prices cause a distributive effect from A to X and, at a larger scale, a distributive effect which is
beneficial to producers — their surplus is maximized — and detrimental to consumers — their surplus

is zeroed.

That said, therefore, establishing whether personalized pricing is anticompetitive — and whether it
violates competition law — in similar scenarios requires a policy decision: should competition law
prioritize total welfare or consumer welfare?%® It is evident that adopting one standard over the
other leads to contrasting outcomes regarding the legality of such practices: by choosing to protect
total welfare, personalized pricing by a monopolistic firms should be deemed as a lawful — and
also procompetitive — behavior; by contrast, electing consumer welfare as the preferred standard

would mean condemning personalized pricing.

The total welfare/consumer welfare dichotomy traces back to the longstanding debate over

antitrust law objective(s). In our paper, due to space constraints, we did not delve into such

37 See Motta (n 21) 493-494.
% Maggiolino (n 22) 16.
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discourse. However, we note that, in the EU legal system, competition law leans towards consumer
welfare.®® This stance is evident from an examination of both the law and jurisprudence, and is

supported by the academic community.*°

This suggests that, at least in the EU, personalized pricing should be considered prohibited when
it reduces consumer welfare, even if it improves total welfare. However, more nuanced issues

complicate this seemingly straightforward conclusion. We briefly outline them here.

First, we asked what is the precise meaning of “consumer welfare” in EU antitrust law and policy.**
Rather than interpreting it literally, we argued that this term functions as a term of art designed to
make economic concepts accessible to non-experts. More to the point, the consumer welfare
standard aims to emphasize the benefits of antitrust policies for consumers as citizens — and thus
voters — while avoiding technical jargon. It should not be seen as the expression of a policy choice
directed specifically towards final consumers, fairness, or distributive justice, as some authors
argue. Instead, the consumer welfare standard serves as a tool for evaluating the well-functioning

of the market in terms of prices, output, quality, variety, and innovation.*? Under this

39 Motta (n 21) 19. See also Alison Jones and Brenda Sufrin, EU Competition Law. Text, Cases, and
Materials (6th edn, Oxford University Press 2016) 37-42.

0 Townley et al. (n 20) 731-732.

Considering substantive competition law, for instance, provisions such as Article 101(3) TFEU allows an
otherwise prohibited cartel to be deemed legal if it not only produces efficiencies but also passes those
efficiencies onto consumers. Similarly, Article 2 of Regulation (EC) No 139/2004 states that the assessment
of concentrations can consider technical and economic progress, provided it benefits consumers. Several
judgements directly or indirectly refer to consumer welfare, one of the most recent being the SEN case, in
which the Court of Justice of the European Union (CJEU) held that EU competition law should protect
consumer welfare both directly, via the prohibition of exploitative abuses, and indirectly, via the prohibition
of exclusionary practices. See Case C-377/20 Servizio Elettrico Nazionale SpA and Others v Autorita
Garante della Concorrenza e del Mercato and Others [2022] ECLI:EU:C:2022:379, para 44.

41 See in particular Herbert Hovenkamp, ‘Selling Antitrust® (2022) Hastings Law Journal 1539. See also
Mariateresa Maggiolino, ‘The Application of Competition Law to Labour Markets: Some Unresolved
Issues’ (2023) 11 Journal of Antitrust Enforcement i127; and Renato Nazzini, The Foundations of European
Union Competition Law: The Objectives and Principles of Article 102 (Oxford University Press 2011) 44-
45.

2 As Maggiolino notes, this does not mean «that antitrust law does not serve the interests of end consumers
and citizens; it does so, but indirectly, by protecting the proper functioning of markets, on the premise —
which, in market economies, should be a given — that well-functioning markets deliver wealth and growth
to everybody, end consumers and citizens included». Ibid. i132.
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interpretation, anticompetitive practices are those that diminish consumer welfare by raising
market prices, reducing output, decreasing product quality or variety, and slowing innovation. This
interpretation brings us to say that, while EU competition law professes to prioritize consumer
welfare, it effectively adopts a total welfare perspective.

Second, as we have previously argued, the effects of conduct on consumer welfare and total
welfare tend to align: conduct that harms consumer welfare usually also reduces total welfare.*®
This means that choosing between safeguarding consumer or total welfare typically leads to the
same outcome. In other words, in practice, the adoption of one standard over the other by antitrust
enforcers — whether the EU Commission or the courts — does not influence the decision’s
outcome.** Now, however, given that perfect price personalization is an exception to this rule, one
should ask whether, by choosing to protect consumer welfare, EU institutions also intentionally
choose to penalize price personalization even if it does not diminish total welfare, or if they assume
that protecting consumer welfare usually aligns with protecting total welfare. The latter seems
likely, given that exceptions to the consumer welfare-total welfare equation are rare, and perfect
price personalization remains largely hypothetical.*®

However, we argued that this question is becoming more relevant as price personalization targeting
final consumers may become not only possible but pervasive in digital markets. This development
could make the consumer welfare-total welfare equation less reliable, necessitating a revaluation

of antitrust objectives and how EU competition law addresses personalized pricing.

In conclusion, while the impact of personalized pricing on competition and welfare underscores
the need for a case-by-case analysis rather than a blanket policy, the prevailing approach within
EU competition law is to prioritize consumer welfare. Under this approach, personalized pricing
should be prohibited when it harms consumer welfare. However, given the evolving nature of
digital markets and potential for widespread personalized pricing, it is crucial to reassess whether
the current focus on this standard effectively addresses the broader positive implications for total

welfare and competition.

3 Motta (n 21) 19. See also Nazzini (n 41) 44-45.
* Motta (n 21) 20.
> Motta (n 21) 19.
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2.3. The appropriate legal basis to address personalized pricing under EU competition law

In the previous section, we explored how personalized pricing affects competition in complex
ways, influenced by factors such as market concentration and the type of information available to
firms. This complexity is particularly relevant in imperfectly competitive markets, which are the
most common in practice. Therefore, we concluded that the effects of personalized pricing should
be analyzed on a case-by-case basis, considering all relevant circumstances. Similarly, the legality
of personalized pricing should not be predetermined. Instead of outright banning certain forms of

personalized pricing, antitrust authorities should evaluate each specific case individually.*®

It is important to clarify, however, that antitrust law will address price personalization — like any
other conduct — only when it consists in (i) a multilateral conduct (an agreement or a concerted
practice), or (ii) a unilateral practice by a dominant undertaking. In other words, antitrust scrutiny

is directed only to practices implemented by firms with either joint or individual market power.

In our paper, indeed, we examined whether Article 101 and Article 102 TFEU can be applied to
personalized pricing practices that affect final consumers.*” Given the pressing concern that firms
might exploit consumers through personalized pricing, we focused on business-to-consumers
(B2C) conduct. This issue is particularly relevant as there have been no cases addressing
personalized pricing to date, and existing case law on discriminatory pricing pertains only to
business-to-business (B2B) practices.*® We conclude that while personalized pricing agreed upon
by multiple firms can be effectively addressed under Article 101, cases of personalized prices
imposed unilaterally by dominant undertakings on end consumers present a more complex
challenge under the various legal provisions of Article 102 TFEU. To address the latter cases, it is
thus necessary to move beyond the non-exhaustive list in Article 102 and instead rely on its general

clause.

The first legal basis for addressing personalized pricing, whether it involves an agreement or a
concerted practice or the unilateral conduct of a dominant firm, is found in Articles 101(d) and

102(c) TFEU. These provisions address general discrimination offences and could potentially

46 Botta and Wiedemann (n 22) 388.

4" We do not instead consider the application of Council Regulation (EC) 139/2004 on the control of
concentrations between undertakings (EC Merger Regulation) [2004] OJ L24/1.

8 Geradin and Petit (n 21) 488.
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cover price personalization. Both articles stipulate that an agreement is anticompetitive, and a
dominant firm is deemed to abuse its position, when «dissimilar conditions are applied to
equivalent transactions with other trading parties, thereby placing them at a competitive
disadvantage».*® Consequently, Articles 101(d) and 102(c) may be relevant to cases of
personalized pricing, as this practice involves “dissimilar conditions™° (i.e., varying prices) and
“equivalent transactions™® (i.e., the sale of the same product or service where costs remain

unchanged).

However, it is difficult to argue that consumers paying personalized prices are at a “competitive
disadvantage” as required by Articles 101(d) and 102(c), since competitive disadvantage is a
concept that applies to firms, not consumers. Although consumers may face higher prices, this
disadvantage cannot be qualified as competitive. The MEO judgement, dealing with abuses of
dominance, has confirmed this approach by clarifying that the discriminatory conduct must have
the effect of altering the competitive process.®? Additionally, the provisions explicitly refer to the

“trading parties” of the firms, further indicating that Articles 101(d) and 102(c) are applicable only

49 EU Courts have also considered as an abuse the application of similar conditions to unequal transactions.
See Case 13/63, Italy v Commission [1963] ECR 165, para. 6.

O Indeed, as far as ‘dissimilar conditions’ are concerned, it seems to be common ground that these can also
include differences in the prices charged, as occurs with price personalization. See Geradin and Petit, (n
21) 486.

°1 It is often unclear when two transactions can be considered truly equivalent, as numerous factors that can
make dealings dissimilar. However, these dealings should be assessed objectively, without adopting the
perspective of any involved party, and by considering all possible distinguishing elements.

%2 In the MEO case, the CJEU clarified that for Article 102(c) to apply, the Commission must demonstrate
that discrimination has distorted the competitive process by undermining the competitive position of the
discriminated customers relative to their horizontal rivals. In other words, merely showing that customers
suffer a disadvantage due to higher prices does not automatically indicate that the competitive process has
been distorted. Instead, the «whole of the circumstances of the case» must be considered to determine
whether there is a potential distortion of competition. See Case C-525/16 MEOQ — Servicos de Comunicacdes
e Multimédia SA v Autoridade da Concorréncia [2018] ECLI:EU:C:2018:270, paras 24-27. See also
Richard O’Donoghue, ‘The Quiet Death of Secondary-Line Discrimination as an Abuse of Dominance:
Case C-525/16 MEO’ (2018) 9 Journal of Competition Law & Practice 443.
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to B2B practices — and Article 102(c), specifically, to secondary line injuries by non-vertically

integrated, mono-product dominant undertakings® — rather than B2C scenarios.>

However, in cases of concerted personalized pricing, it may not be necessary to invoke Article
101(d) to address an agreement where multiple firms decide to charge their customers the same,
albeit different, personalized prices. Such behavior would inherently qualify as an illegal price
fixing agreement, and the mere fact of collusion would be sufficient to bring an action under
Article 101 TFEU, without needing to prove the discriminatory offence’s constituent elements.*
Thus, concerted personalized pricing would be prohibited regardless of whether it affects final
consumers. Conversely, following the MEO judgement, applying Article 102(c) to these situations

is unequivocally precluded.

The same issue arises with Article 102(b) TFEU, which addresses exclusionary and

anticompetitive abuses.>® Although the Commission and the Courts have sometimes examined

% This point is undisputed. In the context of price discrimination, a primary-line injury occurs when a
dominant undertaking charges different prices to its customers in order to exclude its rivals in the upstream
market. Secondary line injuries, on the other hand, occur when: (i) a vertically integrated or multi-product
dominant undertaking imposes different prices on its subsidiaries to the detriment of its competitors (ii)
when a non-vertically integrated, mono-product dominant undertaking applies different prices to some
buyers to the disadvantage of other buyers. Therefore, by stating that discrimination must place the
dominant firm’s “trading parties at a competitive disadvantage”, Article 102(c) clearly aims to protect the
customers of the dominant undertaking rather than its competitors, thus addressing only secondary line
injuries by non-vertically integrated, mono-product dominant undertakings. See Geradin and Petit (n 21)
486-489, arguing that, in practice, the Commission and the Courts have largely ignored the limitations
imposed by the Treaty provision.

° Some authors, however, have convincingly argued that final consumers should be considered “trading
parties” under Article 102(c). See Pinar Akman, ‘To Abuse, or not to Abuse: Discrimination between
Consumers’ (2007) 32 European Law Review 492.

% A similar behavior should be prohibited due to its anticompetitive object and its failure to meet the
conditions outlined in Article 101(3) TFEU, regardless of whether the affected parties are consumers or
businesses. See Maggiolino (n 22) 18.

% At first glance, it may seem implausible that personalized pricing could lead to exclusionary and
anticompetitive effects. Typically, for pricing practices to be exclusionary and anticompetitive, they must
be part of a deliberate strategy by the dominant firm and exhibit specific characteristics. For instance, a
uniform price would need to be set below the dominant firm’s costs to prevent equally efficient competitors
from matching it. Similarly, a discriminatory pricing strategy like loyalty rebates — which apply only to
customers who exclusively purchase from the dominant firm — can be exclusionary if the rebates are below
the dominant firm’s costs and effectively exclude its rivals.
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such cases under Article 102(c), when personalization involves primary- or secondary-line injury
intended to shelter dominance by excluding actual competitors, marginalizing them to a niche of
the market, or preventing potential entrants, Article 102(b) should take precedence over other
abuse categories under Articles 102 TFEU.>" However, this provision is focused on protecting
firms, specifically the dominant firm’s rivals, and promoting competition more broadly. True, one
could argue that, by ensuring the market is well-functioning, Article 102(b) indirectly benefits

final consumers. However, this does not mean that this provision directly protects these subjects.

For these reasons, the most appropriate legal basis under EU competition law to address
personalized pricing imposed unilaterally by a dominant firm on final consumers seems to be
Avrticle 102(a) TFEU. This provision targets exploitative abuses, i.e., conduct directly harming
suppliers or customers (including consumers), where a dominant undertaking extracts surplus from

them in a manner that would not be possible under perfect competition.® Specifically, personalized

In contrast, personalized pricing does not inherently aim to exclude rivals, as it is (i) not related to the
dominant firm’s costs, which are assumed to be constant for each transaction, and (ii) based solely on each
buyer’s willingness to pay. Thus, the dominant firm sets personalized prices according to what each buyer
is willing to pay, rather than to strategically harm competitors.

Nevertheless, it cannot be ruled out a priori that personalized pricing might inadvertently lead to
exclusionary and anti-competitive effects as a secondary consequence of discriminatory practices. See
Caforio and Maggiolino (n 17).

57 Geradin and Petit (n 21) 488. Therefore, if personalized pricing results in exclusionary and anti-
competitive effects, the Commission must apply the same rigorous standard of evidence used for cases
involving conduct designed to foreclose rivals. Specifically, the Commission must: (i) demonstrate that the
dominant firm’s conduct caused the exit of one or more competitors from the market and (ii) establish that
these competitors were less efficient than the dominant firm. Simply proving exclusion is insufficient to
show an abuse of dominance under Article 102(b). As illustrated by the Intel case, it is crucial to
differentiate between “good” exclusions — that targeting less efficient competitors in terms of price, choice,
guality, or innovation, and which adhere to the principle of competition on the merits —and “bad” exclusions
—those aimed at competitors as efficient as the dominant firm. See Muraca and Maggiolino (n 22) 488; and
Case C-413/14 P Intel v. Commission [2017] EU:C:2017:632, paras 133-134.

%8 See Jones and Sufrin (n 39) 351. The literature on exploitative abuses is abundant. See, inter alia, Jorge
Padilla, ‘What is an exploitative abuse?’ Working Paper available at
<https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5024309> (last accessed November 2024); Marco
Botta, ‘Exploitative abuses: recent trends and comparative perspectives’ in Pinar Akman, Or Brook, and
Konstantinos Stylianou (eds), Research Handbook on Abuse of Dominance and Monopolization (Edward
Elgar 2023) 101; Michal S. Gal, ‘Abuse of dominance — Exploitative abuses’ in Pinar Akman, Or Brook,
and Konstantinos Stylianou (eds), Research Handbook on Abuse of Dominance and Monopolization
(Edward Elgar 2023) 385; Giorgio Monti and Alexandre De Streel, ‘Exploitative abuses: the scope and the
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prices might be deemed “unfairly excessive” within the meaning of Article 102(a) if they
excessively absorb surplus from consumers who purchase from the dominant firm. Therefore,
personalized pricing directed at final consumers could, in principle, be prosecuted under this
provision. However, applying Article 102(a) to personalized pricing presents significant
challenges, particularly in assessing whether personalized prices are unfairly excessive compared

to the assessment of a uniform price.

According to the United Brands test, to determine if the prices charged by the dominant firm are
excessive and unfair, the Commission must identify a benchmark price and compare it with the
price charged by the dominant undertaking to understand if it significantly and persistently exceeds
the price that would prevail in a competitive scenario.>® As it is apparent, this test is designed for
uniform prices.®° By contrast, applying the same process to personalized prices would be difficult,
as these prices vary for each buyer based on their willingness to pay. Here, then, the Commission
would need to apply Article 102(a) in a differentiated manner for each buyer, proving that all
personalized prices significantly and persistently exceed a uniform competitive price.%! This
approach is therefore practically difficult and seems to be contrary to antitrust law’s goal of

ensuring the overall well-functioning of the market.%

In conclusion, applying Article 102 TFEU to personalized pricing practices affecting final
consumers appears to present significant challenges. First, the application of Article 102 (b) and

(c) is limited by the qualification of the addressee, as these provisions apply only to business

limits of Article 102 TFEU’ (2023) EUI RSC Working Paper 2023/62 available at
<https://cadmus.eui.eu/handle/1814/76022> (last accessed November 2024); and Pinar Akman,
‘Exploitative Abuse in Article 82EC: Back to Basics?’ (2009) ESRC Centre for Competition Policy CCP
Working Paper No. 09-1 available at <https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1328316> (last
accessed November 2024).

%9 Case 27/76 United Brands v. Commission [1978] ECR 207, paras 254-268. See also the more recent
judgement Case C-177/16 AKKA/LAA [2017] ECLI:EU:C:2017:689, para 36.

% Robertson (n 13) 10.
61 Muraca and Maggiolino (n 22) 485.

62 Some authors have suggested adapting the United Brands test to personalized pricing by assessing
«whether the price charged to a customer is unreasonable compared to prices offered to other consumers».
However, this approach faces additional challenges, as consumers may have different perceptions of what
is “fair”. Determining which notion of “fairness” antitrust law should endorse would therefore be complex
and contentious. See Robertson (n 13) 10-11 and footnotes accompanying the text.
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customers, not end consumers — what brings us to argue that the same provisions can be easily
applied to B2B, personalized pricing, conduct. On the other hand, although Article 102(a) can
theoretically be used to protect final consumers, the nature of personalized pricing — i.e., the
presence of numerous, sometimes individualized, prices — makes it difficult to apply this provision

effectively.

Nevertheless, as has been observed, these obstacles may be overcome by invoking the general
clause of Article 102 TFEU. Since the list of abusive practices under Article 102 is non-
exhaustive®® and the liability tests developed by the Courts are non-binding on antitrust enforcers,®*
there is scope to address behaviors that fall outside the traditional boundaries of the provision. This
approach aligns «with the effects-based concept of abuse and the teleological interpretation of

Treaty rules».%®

Without delving into the matter in depth, there is an additional factor that complicated the
application of Article 102 to unilateral personalized pricing: the fact that many firms engaging in
these practices in the digital economy — those with access to vast amounts of consumer data and
the technology to analyze it — are not necessarily large tech giants but can also be medium-sized
companies without significant market power. The absence of market power in such cases may
further hinder the application of Article 102 to personalized pricing, raising broader questions
about the adequacy of antitrust law to address harmful practices targeting final consumers.% In
other words, in conclusion, it seems that other legal domains can be better suited to address the
concerns raised by personalized pricing. Relevant examples include unfair competition, consumer

protection, and data protection laws.

& Richard Whish and David Bailey, Competition Law: Text, Cases, and Materials (9" edn, Oxford
University Press 2018) 198.

8 See, in this respect, Mariateresa Maggiolino ‘The Value of Liability Tests in Abuse of Dominance’ (2023)
7 Market and Competition Law Review 41.

% lbid. 48.

% Muraca and Maggiolino (n 22) raised this point while discussing the opportunity to introduce a universal
anti-discrimination rule applicable also to non-dominant undertakings. In this respect, see also Akiva A.
Miller, ‘What Do We Worry About When We Worry About Price Discrimination? The Law and Ethics of
Using Personal Information for Pricing’ (2014) 19 Journal of Technology Law and Policy 41.
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3. Algorithmic collusion

Having previously dealt with personalized pricing, in this dissertation we explore the topic of
algorithmic collusion. This expression encompasses various scenarios where price-related
algorithmic software is involved in explicit or tacit collusion (broadly defined as “algorithmic
collusion”). Specifically, two sub-categories of behaviors can be identified: “algorithmically-
facilitated or enabled collusion”, where pricing algorithms act as tools to facilitate and sustain
human explicit collusion — i.e. the conclusion of unlawful cartels or concerted practices; and
“algorithmically-implemented collusion” (or “algorithmic collusion in a narrow sense”), where
pricing algorithms operate as autonomous collusive agents, either through the formation of “digital
cartels” and “digital concerted practices” (“algorithmic explicit collusion) or by achieving supra-

competitive outcomes through mere interdependence (“algorithmic tacit collusion™).%’

Algorithmic collusion (in a broad sense)

Algorithmically-facilitated or enabled collusion

I . ) Algorithmic explicit collusion
Algorithmically-implemented collusion

(algorithmic collusion in a narrow sense) Algorithmic tacit collusion

Table 1: Algorithmic collusion

In recent years, the topic of algorithmic collusion has garnered substantial attention within the
antitrust community around the world. This is evident from the numerous policy papers issued by
institutions and National Competition Authorities (NCASs),® as well as the plethora of academic

67 Ezrachi and Stucke have provided a foundational categorization of algorithmic collusive conduct in their
seminal paper on the subject. They delineate potential illicit conduct into three distinct categories: “The
Computer as Messenger,” “Hub and Spoke,” and “Predictable Agent.” Building on this categorization, |
further develop it to encompass other potentially relevant algorithmic collusive scenarios, though | employ
different labels for these scenarios. Chapter 3 of this dissertation will specifically examine the various
manifestations of algorithmic collusion in detail. See Ariel Ezrachi and Maurice E. Stucke, ‘Artificial
Intelligence and Collusion: When Computers Inhibit Competition’ (2017) 2017 University of Illinois Law
Review 1775.

68 See, in particular, Italian Competition Authority, ‘Indagine conoscitiva 156. Algoritmi di prezzo nel
trasporto aereo passeggeri sulle rotte nazionali da e per la Sicilia e la Sardegna’ (2024) available at

27



papers published since 2015.%° Additionally, in some jurisdictions, algorithmic collusion is a top

priority on the antitrust enforcement policy agenda.”® At the highest level, the concern is that

<https://service.agcm.it/competenze/tutela-della-concorrenza/indagini-conoscitive/lista-indagini-
conoscitive> (last accessed January 2025); Finnish Competition and Consumer Authority ‘Algoritmien
aiheuttamat kolluusiotilanteet (Collusion situations caused by algorithms)’ (2021) available at
<https://www.kkv.fi/uploads/sites/2/2021/11/2021-kkv-selvityksia-1-2021-algoritmien-aiheuttamat-
kolluusiotilanteet.pdf> (last accessed November 2024); Swedish Competition Authority, ‘Collusion in
Algorithmic Pricing’ (2021) available at
<https://www.konkurrensverket.se/globalassets/dokument/informationsmaterial/rapporter-och-
broschyrer/uppdragsforskning/forsk-rapport_2021-3.pdf> (last accessed November 2024); UK
Competition and Markets Authority (b) (n 12); Autorité de la concurrence and Bundeskartellamt,

‘Algorithms and Competition’ (2019) available at
<https://www.autoritedelaconcurrence.fr/sites/default/files/algorithms-and-competition.pdf> (last
accessed November 2024); Portuguese Competition Authority, ‘Digital ecosystems, Big Data and
Algorithms Issues Paper’ (2019) available at

<https://www.concorrencia.pt/sites/default/files/processos/epr/Digital%20Ecosystems%2C%20Big%20D
ata%20and%20Algorithms%20-%20Issues%20Paper.pdf> (last accessed November 2024); UK
Competition and Markets Authority (a) (n 12); OECD (n 7).

% Here we only refer to some authoritative examples: Renato Nazzini and James Henderson, ‘Overcoming
the Current Knowledge Gap of Algorithmic “Collusion” and the Role of Computational Antitrust’ (2024)
4 Stanford Computational Antitrust 1; Emilio Calvano et al., ‘Artificial Intelligence, Algorithmic Pricing,
and Collusion’ (2020) 110 American Economic Review 3267; Gal (n 13); Ulrich Schwalbe, ‘Algorithms,
Machine Learning, and Collusion’ (2019) 14 Journal of Competition Law and Economics 568; Stephan
Thomas, ‘Harmful Signals: Cartel Prohibition and Oligopoly Theory in the Age of Machine Learning’
(2019) 15 Journal of Competition Law and Economics 159; Harrington (n 13); Ezrachi and Stucke (n 67)
1775; Andreas Heinemann and Aleksandra Gebicka, ‘Can Computers Form Cartels? About the Need for
European Institutions to Revise the Concertation Doctrine in the Information Age’, (2016) 7 Journal of
European Competition Law & Practice 431; Mehra (n 2) 1323. For a more extensive examination of the
relevant literature see Chapter 3 of the present work.

0 Consider, for example, the US, where the Federal Trade Commission (FTC) and the Department of Justice
(DoJ) are actively investigating potential instances of algorithmic collusion. A notable example is the DoJ’s
recent complaint against RealPage, a company offering property management software, highlighting
concerns in sectors such as hospitality. See Luis Blanquez, ‘The FTC has Algorithmic Price-Fixing in its
Antitrust Crosshairs’ (Bona Law PC, 20 May 2024) available at <https://www.theantitrustattorney.com/the-
ftc-has-algorithmic-price-fixing-in-its-antitrust-crosshairs/> (last accessed November 2024). See also
Department of Justice, ‘Justice Department Sues RealPage for Algorithmic Pricing Scheme that Harms
Millions of American Renters’ (Press Release, 23  August 2024) available at
<https://www . justice.gov/opa/pr/justice-department-sues-realpage-algorithmic-pricing-scheme-harms-
millions-american-renters> (last accessed November 2024).
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pricing algorithms could not only make traditional collusion easier and more stable than ever

before but also give rise to new, unexplored forms of collusion.’®

However, despite this widespread agreement on the (potential) harmfulness of algorithmic
collusion, two opposing perspectives have emerged. On one side, some argue that algorithmic
collusion — especially algorithmic tacit collusion — does not yet pose a credible threat.”? They point
out that the few known cases involve algorithms merely assisting human collusion, for instance by
monitoring compliance with a common strategy, quickly identifying deviations from a collective
equilibrium, or facilitating hub-and-spoke arrangements via third-parties.”® These cases, they
contend, can be effectively addressed within the boundaries of current antitrust law.”* Moreover,
no real-world examples of fully autonomous algorithmic collusion — whether explicit or tacit —
have been documented to date; these remain hypothetical scenarios.”® As a result, some
commentators view concerns over algorithmic collusion as overstated, suggesting that current
algorithmic systems are not yet capable of independently engaging in anticompetitive conduct

outside controlled experimental settings.”® From this perspective, the phenomenon is seen as

L OECD (n 7) 18-19.

2 See, for example, Axel Gautier, Ashwin Ittoo, and Pieter Van Cleynenbreugel, ‘Al algorithms, price
discrimination and collusion: a technological, economic and legal perspective’, (2019) 50/3 European
Journal of Law and Economics 405; Thibault Schrepel, ‘Collusion by Blockchain and Smart Contracts’,
(2019) 33 Harvard Journal of Law & Tech 117; Schwalbe (n 70) 568; Ashwin Ittoo and Nicolas Petit,
‘Algorithmic Pricing Agents and Tacit Collusion: A Technological Perspective’ in Hervé Jaquemin and
Alexandre De Streel (eds), L 'intelligence artificielle et le droit (Larcier 2017) 241-259; Petit (n 15).

3 An example is the US Topkins case, where online retailers agreed to use automated repricing software to
avoid undercutting each other’s prices for posters and frames sold on Amazon marketplace. See US
Department  of  Justice, US. v. David Topkins 6 April 2015 available at
<https://www.justice.gov/atr/case/us-v-david-topkins> (last accessed November 2024). Other cases of
algorithmic collusion will be explored in Chapter 3.

"4 Maureen K. Ohlausen, ‘Should We Fear the Things That Go Beep in the Night? Some Initial Thoughts
on the Intersection of Antitrust Law and Algorithmic Pricing’ (2017) available at
<https://www.ftc.gov/publicstatements/2017/05/should-we-fear-things-go-beep-night-some-initial-
thoughts-intersection> ( last accessed November 2024).

® Thibault Schrepel, ‘The Fundamental Unimportance of Algorithmic Collusion for Antitrust Law’
(Harvard  Journal of Law and Technology, 7 February 2020) available at
<https://ssrn.com/abstract=3535561> (last accessed November 2024).

6 Gautier, Ittoo, and Van Cleynenbreugel (n 73) 418-420; and Schwalbe (n 70) 599-600.
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premature grounds for regulatory overhaul or extensive scholarly focus — at least for the time

being.”’

On the other side, a growing body of experimental research has fueled concerns that algorithmic
collusion could soon pose a serious and immediate challenge for antitrust enforcement.’® These
concerns are particularly driven by studies showing that certain pricing algorithms are capable of
autonomously reaching and sustaining supra-competitive equilibria without explicit instructions
to do so. Notably, Calvano et al. demonstrated that Q-learning algorithms — a class of
reinforcement learning techniques — can independently learn to coordinate on collusive pricing
strategies in simulated market environments that replicate key features of real-world competition,
such as imperfect monitoring and stochastic demand.” Such findings suggest that algorithmic
agents, by optimizing for long-term profits, may converge on outcomes resembling tacit collusion,
even in the absence of human intervention or direct communication. Proponents of this view
contend that the current legal framework, including Article 101 TFEU in the EU, may fall short in
capturing the broad spectrum of algorithmic collusion.®’ As algorithmic sophistication increases,
they warn, so too does the risk of undetectable and unpunishable forms of collusion, thereby

creating enforcement blind spots in existing competition law regimes.
In particular, this perspective raises a set of critical questions:

a) Can existing competition law provisions be effectively applied to algorithmic collusion, or does

this phenomenon reveal significant enforcement gaps?

b) If such gaps exist, what remedies are appropriate? Should solutions be sought within the

boundaries of the current legal framework (de iure condito), or is there a need to develop new

"Schrepel (n 75).

8 Gal (n 13); Ezrachi and Stucke (n 67); Heinemann and Gebicka (n 69); Mehra (n 2).

9 Calvano et al. (n 69) 3267. See also Eshwar Ram Arunachaleswaran et al., ‘Algorithmic Collusion
Without Threats® (2024) Working Paper available at <https://arxiv.org/abs/2409.03956> (last accessed
April 2025); Stephanie Assad et al., ‘Algorithmic Pricing and Competition: Evidence from the German
Retail Gasoline Market’ (2024) 132 Journal of Political Economy 723; Sara Fish, Yannai A. Gonczarowski,
Ran Shorrer, ‘Algorithmic Collusion by Large Language Models’ (2024) Working Paper available at
<https://arxiv.org/abs/2404.00806> (last accessed April 2025).

8 Gal (n 13) 97-99.
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approaches — either through amendments to competition law or the introduction of sector-specific

regulatory regimes (de iure condendo)?

While this dissertation does not engage with the question of whether algorithmic collusion is likely
to materialize in practice, it does aim to address these latter questions, which form the core of the

present inquiry.
3.1. The research questions raised by algorithmic collusion

Each of the forms of algorithmic collusion outlined above raises distinct and significant legal and
policy questions, beginning with the most straightforward scenario: algorithmically-facilitated or
enabled collusion. At first glance, this case appears relatively unproblematic. Here, pricing
algorithms are merely instrumental tools employed to execute or sustain an unlawful agreement
or concerted practice that has already been devised by human actors. In other words, human
collusion precedes, and the algorithm simply follows, functioning as a means to monitor,
implement, or refine the existing collusive arrangement. Consequently, there appears to be little
difficulty in applying Article 101 TFEU, since the involvement of technological tools to implement

a cartel does not alter the fundamental nature of the underlying infringement 8

Yet, despite this seemingly clear-cut conclusion, the use of pricing algorithms as facilitative
instruments introduces further complexities. As will be explored in subsequent chapters, sustaining
a stable collusive equilibrium typically requires firms to overcome several obstacles —
coordination, detection of deviation, and punishment of defectors. Algorithms may dramatically
lower these barriers by increasing the speed, precision, and subtlety of coordination efforts. In
doing so, they can render cartels more robust, harder to detect, and more insulated from
enforcement, thereby potentially increasing the burden on antitrust enforcers. This raises the
question of whether the deployment of pricing software to support traditional cartels should be
treated as an aggravating factor under Article 101 TFEU — possibly warranting heightened scrutiny

or increased sanctions.8?

8 Luca Calzolari, ‘La collusione fra algoritmi nell’era dei big data: I’imputabilita alle imprese delle intese
4.0 ai sensi dell’art. 101 TFUE (2018) 3 MediaLaws — Rivista di diritto dei media 219, 223.

82 Luca Calzolari, ‘The Misleading Consequence of Comparing Algorithmic and Tacit Collusion: Tackling
Algorithmic Concerted Practices Under Article 101 TFEU’ (2021) 6 European Papers 1193, 1200.
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More challenging still is the scenario of algorithmic collusion in the narrow sense, in which pricing
software operates not merely as a tool, but as a direct agent of collusion. In this context, algorithms
may learn — often autonomously and without explicit programming — to achieve and sustain supra-
competitive pricing. In the case of algorithmic explicit collusion, pricing tools engage in repeated
reciprocal interactions, adapting to one another’s pricing strategies and gradually converging on a
coordinated equilibrium. Such interactions can give rise to what some describe as a “digital

cartel”, characterized by a functional equivalent to the human meeting of minds.

This raises profound legal questions: can the iterative behavior of algorithms amount to an
“agreement” or a “concerted practice” for the purposes of Article 101 TFEU? Can the law
accommodate a scenario where the “meeting of minds” is replaced by a “meeting of algorithms™?
8 And if so, how should liability be allocated? Should firms be held responsible for algorithmic

conduct that may evolve beyond their control or anticipation?

Even greater conceptual and normative uncertainty surrounds algorithmic tacit collusion, which
deserves particularly close scrutiny. This form of collusion occurs when algorithms, acting
autonomously — i.e., without human intervention — and unilaterally — i.e., reciprocal interaction —
achieve and maintain supra-competitive outcomes by observing and reacting to rivals’ pricing
behavior. This mirrors traditional human tacit collusion (also known as “oligopolistic
interdependence”, or “conscious parallelism”) in which firms rationally align their behavior in

response to market signals, without entering into any agreement or concerted practice.

Tacit collusion, by its very nature, falls outside the scope of Article 101 TFEU, which presupposes
some form of coordination. While the question of whether competition law should address such
conduct has long been debated — famously dubbed the “oligopoly problem”, for the plausibility of
this scenario only in oligopolistic markets — a general consensus has emerged: absent an agreement

8 See OECD (n 7) 39; Giuseppe Colangelo, Artificial Intelligence and Anticompetitive Collusion in EU
and the U.S.: From the ‘Meeting of Minds’ towards the ‘Meeting of Algorithms’?’ (2021) TTLF Working
Papers No. 74 6 available at <https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3751255> (last
accessed November 2024); and Harrington (n 13) 347.
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or concerted practice, even harmful parallel conduct is not prohibited under current EU

competition law.®

Therefore, in principle, also algorithmic tacit collusion should be considered a lawful behavior.
However, as mentioned earlier, recent empirical studies challenge this settled understanding.
Experimental research has demonstrated that pricing algorithms can replicate collusive outcomes
even in non-oligopolistic markets — i.e., where traditional prerequisites such as high concentration,
product homogeneity, and perfect transparency are absent. This possibility reactivates the long-
standing debate over the limits of antitrust enforcement, potentially transforming what was once

an oligopoly problem into a broader “wide-market problem”.8

This development brings to the forefront a set of fundamental questions: Should algorithmic tacit
collusion be treated differently from its human counterpart and brought within the ambit of
antitrust prohibitions? Would such a shift require a reinterpretation — or a reformulation — of Article
101 TFEU, decoupling it from the traditional requirement of a “meeting of minds”? Are there
alternative remedies available within the current competition law framework beyond the
prohibition of collusion per se? Or, instead, should regulators look beyond competition law and
develop sector-specific or technology-oriented regulatory solutions aimed at preventing

algorithmic coordination before it occurs?

These questions lie at the core of contemporary debates on algorithmic collusion and underscore
the need for a rethinking of both enforcement strategies and legal doctrine in light of rapidly
evolving technological capabilities.

3.2. Goal and scope of the research

Against this background, this work aims to address the challenges that algorithmic collusion poses
for competition law. Specifically, it investigates the various potential forms of algorithmic

collusion and explores their compatibility with competition law, with a particular focus on Article

8 Or, stated differently, it is well-established that an agreement (or a concerted practice) is required to find
a violation of Article 101 TFEU. See joined cases 40 to 48, 50, 54 to 56, 111, 113 and 114/73 Co0peratieve
Vereniging “Suiker Unie” UA and others v Commission [1975] ECR 1663, para 174.

8 OECD (n 7) 34. See also Calzolari (n 81) 226-227; Salil K. Mehra, ‘US v. Topkins: can price fixing be
based on algorithms?’ (2016) 7 Journal of European Competition Law and Practice 470, 473, contending
that “robo-selling” may worsen the oligopoly problem.
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101 TFEU. As previously noted, this work does not aim to determine whether algorithmic
collusion — especially in its narrow sense — has already materialized in real-world markets. Rather,
it adopts a theoretical perspective: it seeks to reconstruct the current state of the art, assess whether
the existing competition law framework can effectively address these scenarios, and, where
appropriate, consider alternative approaches beyond that framework, evaluating their feasibility

and normative desirability.

Special attention is devoted to identifying potential remedies for algorithmic tacit collusion,
drawing both on national measures adopted in certain Member States and on proposals developed
in academic scholarship. The primary legal focus of this work is EU competition law, although
comparative insights from the US legal and enforcement experience are interwoven throughout.
The analysis is grounded in a close reading of relevant economic and legal literature, as well as

existing case law.

The structure of this work is as follows. Chapter 2 delves into traditional economic and legal
theories of collusion. This theoretical framework serves a dual purpose. First, it clarifies the
divergent understandings of collusion in economics and in competition law — a divergence that
underpins the so-called “oligopoly problem”, whereby tacit collusion, despite its potentially
harmful effects, falls outside the purview of Article 101 TFEU. Second, it provides a normative
and conceptual basis for evaluating the legality of algorithmic collusion scenarios in subsequent

chapters.

Building on this foundation, Chapter 3 classifies various algorithmic behaviors relevant to
collusion, distinguishing primarily between algorithmically-facilitated (or enabled) collusion and
algorithmically-implemented collusion. While building on existing literature, the aim is to offer a
deeper analytical lens through which to interpret and understand these phenomena. The chapter
also evaluates the extent to which each scenario can be addressed under current competition rules,
with particular emphasis on algorithmic tacit collusion — an issue that, according to prevailing legal

principles, appears to elude the reach of antitrust prohibitions.

Chapter 4 turns to the question of remedies, examining both antitrust and regulatory responses,
and distinguishing between de iure condito and de iure condendo approaches within each. It
concludes by proposing a novel conceptual tool: “outcome visibility”. Although not presented as

a definitive solution, this proposal is intended to foster further debate and contribute, even if
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incrementally, to the ongoing discourse on algorithmic tacit collusion. The chapter recognizes the
need for continued interdisciplinary research to fully grapple with the complexities of this

emerging field.
4. Conceptual and terminological clarifications

Before delving into the core of this dissertation, it is essential to first clarify some key concepts
and terminology. Indeed, terms like “algorithms™ and “pricing algorithms”™ are frequently used
without universally accepted definitions or clear categorizations, leading to inconsistent usage
across academic literature and policy papers. This section seeks to demystify these key terms and
provide a classification of algorithms, helping to identify which types of software are involved in

the various algorithmic collusion scenarios explored in this thesis.

It is important to emphasize that, while this thesis borrows extensively from the lexicon of
scientific fields such as computer science, its foundation is firmly rooted in competition law.
Consequently, the use of technical jargon is kept to a minimum. We acknowledge these limitations
and apologize in advance to specialists in those fields who may find some of the terminology

lacking in precision.
4.1. Definition of “algorithm”

For algorithmic collusion to occur, firms must employ some form of algorithmic pricing — defined
as a computerized, automated and real time pricing mechanism that relies on pricing algorithms.®
Pricing algorithms constitute a specific subset within the broader category of algorithms.
Understanding algorithmic collusion, therefore, requires first establishing a clear definition of what
an “algorithm” is. This task is not straightforward, as there is no universally accepted definition of

the term.8” Nevertheless, two fundamental conceptualizations can be distinguished.

The first is a broad and non-formalistic interpretation, which describes an algorithm as «a sequence
of simple and/or well-defined operations that should be performed in an exact order to carry out a

certain task or class of tasks or to solve a certain problem or class of problems».28 Under this

% Seele et al. (n 1) 698.
87 UK Competition and Markets Authority (a) (n 12) 9; OECD (n 7) 8.
8 Autorité de la concurrence and Bundeskartellamt (n 68) 3.
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interpretation, algorithms are not limited to digital or computational contexts. For example, the
quadratic formula offers a step-by-step method to find the roots of a quadratic equation. Likewise,
a cooking recipe sets out the ordered steps required to prepare a dish, while sheet music provides
instructions that allow musicians to perform a composition accurately. In this sense, many

everyday processes can be understood as algorithms.&

The second interpretation, rooted in computer science, is narrower and refers exclusively to
computational algorithms. In this thesis, we adopt a version of this latter view, following the
definition proposed by Cormen et al., who describe an algorithm as «any well-defined
computational procedure that takes some value, or set of values, as input and produces some value,
or set of values, as output in a finite amount of time».*° At first glance, this definition may appear
similar to the broader one, but it is distinguished by the critical qualifier “computational,” which

confines the concept to computerized, automated decision-making — potentially Al techniques.®*

Accordingly, unless otherwise specified, the term “algorithm” in this work refers exclusively to

computer algorithms.

In principle, all software consists of one or more algorithms, and every computational step
executed by hardware systems relies on algorithmic processes. It is nonetheless important to
distinguish between the concepts of algorithm, software, and hardware: algorithms refer to the
underlying code or logic, while software and hardware represent its implementation.®? However,
in both academic and policy discussions, the term “algorithm” is often used interchangeably with
software or hardware, particularly when referring to algorithmic collusion. It is common to
encounter formulations such as “algorithms collude” or “algorithms implement cartels,” despite
the fact that it is the pricing software — rather than the abstract algorithm itself — that is responsible
for these behaviors. For the sake of consistency with common usage, this thesis adopts the term
“algorithm” as a practical shorthand for the broader technological systems (software and, at times,

hardware) in which the algorithm is embedded.

89 0OECD (n7) 8.

% Thomas H. Cormen et al., Introduction to Algorithms (4" edn, The MIT Press 2022) 5.
% Autorité de la concurrence and Bundeskartellamt (n 68) 3.

92 UK Competition and Markets Authority (a) (n 12) 9.
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4.2. Categorization of pricing algorithms

Given that algorithmic collusion necessarily involves pricing algorithms, our focus now turns to
this particular subcategory. Here too, a distinction can be drawn between two interpretative

approaches: a narrow and a broad definition.

Under the narrow interpretation, pricing algorithms are categorized based on their specific function
— namely, the setting of prices.®® According to this view, a pricing algorithm is «an algorithm that
uses price as an input, and/or uses a computational procedure to determine price as an output».®*
In other words, such an algorithm is a sequence of rules designed to calculate the optimal price of
a good or service in line with a firm’s objectives,® such as maximizing profit under varying market
conditions. This definition clearly distinguishes pricing algorithms from other software tools such

as search, communication, filtering, or scoring algorithms, which serve different functions.

By contrast, the broad interpretation defines pricing algorithms more expansively, including not
only tools that directly set prices but also those used for related purposes, such as price monitoring

and price recommendations.®’

In this thesis, we adopt the broader definition. We further classify pricing algorithms along two
dimensions: their functional purpose and their degree of sophistication (or technological
advancement). This classification framework can be extended beyond pricing algorithms and

serves to clarify which types of software are most relevant to the issue of algorithmic collusion.
4.2.1. Categorization by task
Pricing algorithms can perform two core tasks: price setting and price monitoring.

(i) Price setting algorithms

% This categorization is the one followed by OECD (n 7) 8-9; and Autorité de la concurrence and
Bundeskartellamt (n 68) 4-8.

% UK Competition and Markets Authority (a) (n 12) 9.

% Seele et al. (n 1) 702.

% OECD (n 7) 8-9; and Autorité de la concurrence and Bundeskartellamt (n 68) 4-8.
9 UK Competition and Markets Authority (a) (n 12) 9.
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As previously discussed, price-setting algorithms automatically determine the prices that a firm
charges for its products or services. Rather than relying on manual human decision-making, firms
delegate this function to software. While the output is always a price, the algorithm may process a
wide variety of input variables, depending on the firm's pricing strategy.

Two principal algorithmic pricing strategies can be identified: dynamic pricing and personalized

pricing.

Dynamic pricing refers to the continuous and automated adjustment of prices in real time, based
on fluctuations in internal and external data.®® Inputs include internal metrics such as costs,
inventory levels, and pending orders, as well as external data like competitor prices and customer
demand. By analyzing this information, the algorithm seeks to identify the price point that
maximizes profits. The hallmark of dynamic pricing is its adaptability: algorithms can revise prices
rapidly and even anticipate future shifts in demand or supply conditions, providing a competitive
advantage in fast-moving digital markets.

However, the widespread use of dynamic pricing algorithms heightens the risk of algorithmic
collusion. When firms deploy similar or even identical algorithms, these tools may, unintentionally
or by design, converge on similar pricing patterns.®® In particular, algorithms programmed to
respond to competitors’ prices may end up coordinating on high prices or suppressing price
competition. Moreover, firms may intentionally adopt dynamic pricing systems with the specific
purpose of facilitating collusion — by embedding shared rules or reactive pricing triggers that

sustain supra-competitive pricing.

In contrast, personalized pricing is based on the use of big data and algorithmic tools to
discriminate among consumers according to their individual willingness to pay. The goal is to
maximize surplus extraction from each customer by tailoring prices to their preferences, behaviors,
or other personal characteristics. Although both dynamic and personalized pricing use automated

systems, they differ in important respects.

% Seele et al. (n 1) 699.
% Ezrachi and Stucke (n 22) 47-48.
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First, the type of data used diverges: dynamic pricing typically relies on market-level data, while

personalized pricing is grounded in individual-level (and often personal) data.

Second, their objectives differ: dynamic pricing adjusts a uniform price in real time in response to
market trends, whereas personalized pricing sets differentiated prices for each consumer or
consumer segment.'®® However, both strategies challenge the traditional model of uniform market
pricing that had characterized our market economies, leading to a more fragmented pricing

landscape where prices vary significantly based on the underlying data used.

Third, personalized pricing is generally less conducive to collusion. Since firms charge different
prices to different consumers, a uniform price level — often necessary for successful collusion — is
absent. Even if multiple firms implement personalized pricing strategies, coordination becomes

exceedingly difficult due to the individualized nature of the price points.
(i) Price monitoring algorithms

Price-monitoring algorithms are designed to track competitors’ prices in real time and respond
according to pre-set instructions.’®® For instance, a firm might instruct its algorithm to match a
competitor’s price when it falls below a certain threshold or to undercut rival prices in specific
scenarios. In practice, price monitoring is often coupled with price setting, creating hybrid tools

that both observe and react to market conditions.

These algorithms can play a key role in sustaining collusion. Once a collusive equilibrium is
established, price-monitoring software can detect deviations — i.e., undercutting or discounting —
and trigger retaliatory price reductions to discipline defectors. Their speed and precision make
them especially effective at both detecting and punishing deviations, thereby reinforcing the
stability of cartel-like arrangements. In this sense, price-monitoring algorithms address some of

the classical obstacles to sustaining collusion, particularly in terms of detection and enforcement.
4.2.2. Categorization by degree of sophistication

Pricing algorithms can also be distinguished by their level of technological sophistication,

particularly in terms of their decision-making autonomy. Generally, more advanced algorithms are

100 Seele et al. (n 1) 699

101 This specific software is known as “spider”, “scraper”, or “crawler”. See Calzolari (n 82) 1197.
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more independent in their operation. Two broad generations can be identified: first-generation

(adaptive) algorithms and second-generation (learning) algorithms.%2

First-generation algorithms, also known as “adaptive”, are rule-based and rely on static, predefined
instructions.'% Their defining feature is the capacity to continuously adjust prices in response to
fluctuations in the parameters selected by the programmer.1% For example, a rule might instruct
the algorithm to always match the lowest competitor price. These algorithms operate
deterministically: given the same inputs, they will always produce the same outputs. Their

behavior is predictable and fully determined by the programmer’s design.

Second-generation algorithms, by contrast, are based on machine learning (ML) techniques.®
Rather than following pre-programmed rules, they learn optimal pricing strategies through trial
and error. The programmer sets the objective (e.g., profit maximization), and the algorithm
identifies the most effective way to achieve it. To illustrate how a learning algorithm operates,
consider the example of teaching it to play chess. The algorithm does not require pre-programmed
strategies; it only needs to be given the rules of the game.'% These algorithms often operate as
“black boxes,” meaning that their internal decision-making processes are opaque — even to their
developers.’%” While this enables greater adaptability and performance, it also introduces
unpredictability and raises significant challenges for accountability and oversight.

5. Conclusions

The progressive shift from human decision-making to algorithm-driven pricing, known as
algorithmic pricing, carries significant implications for competition law and enforcement, raising
a host of complex questions. In this context, two concerns are particularly salient: personalized

pricing and algorithmic collusion.

102 Emilio Calvano et al., ‘Algorithmic Pricing What Implications for Competition Policy?’, (2019) 55
Review of Industrial Organization 155, 158-160.

103 I pid.

104 Colangelo (n 83) 2.

15 OECD (n 7) 9.

106 Calvano et al. (n 102) 160.

07 UK Competition and Markets Authority (n 12) 10.
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With personalized pricing, we have seen that firms employ pricing software to gather vast amounts
of consumer data and adjust prices based on individuals’ inferred or stated willingness to pay. This
results in a multiplicity of prices offered by a single firm, replacing the traditional model of a
uniform market price shared across competitors. In cases of perfect personalization, pricing can be

tailored down to the individual level.

Although concerns have been raised about potential consumer harm, we have argued that the role
of competition law in addressing personalized pricing remains uncertain. First, the welfare effects
are ambiguous: while consumer welfare may decrease, total welfare might actually increase. If
competition law is interpreted as safeguarding total welfare, then personalized pricing should be
considered lawful when it enhances overall efficiency. Second, even if consumer welfare is the
guiding standard, we have shown that the legal basis for intervening — particularly under Article
102 TFEU - is limited, especially where personalized pricing targets final consumers and not

intermediaries.

We have also briefly noted another issue: the erosion of the uniform market price, which
undermines the application of conventional legal tests — such as the United Brands framework —
originally developed to assess pricing behavior within a uniform pricing environment. This
suggests that future debate should go beyond personalized pricing per se and consider the broader
implications of the declining relevance of uniform pricing in digital markets, particularly for

enforcement tools premised on that model.

In contrast, algorithmic collusion arises when different pricing algorithms — either under human
direction or operating autonomously — converge on a supra-competitive price through forms of
explicit or tacit coordination. While the anticompetitive harm of such practices is relatively clear,
a pressing issue is whether existing rules, especially Article 101 TFEU — crafted with human actors
in mind — can effectively capture collusive conduct that unfolds without human involvement.
Furthermore, when pricing software commits a competition law infringement, a crucial question

arises: who bears responsibility for that conduct?

Thus, we identify two major challenges for competition law in the algorithmic age: the
applicability of existing legal frameworks to algorithm-driven collusion, and the attribution of

liability for algorithmic misconduct. While these concerns have been introduced here, the
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following chapters are devoted to a more detailed exploration of potential solutions and regulatory

responses.
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CHAPTER 2
COLLUSION IN EU COMPETITION LAW

Summary: 1. Introduction — 2. The economic theory of collusion — 2.1. Explicit and tacit collusion
— 2.2. The economic conditions for collusion to be possible — 2.3. Factors that facilitate/undermine
collusion — 2.3.1. Endogenous market features (structural factors) — 2.3.2. Exogenous market
features — 2.4. The social costs of collusion — 3. The legal theory of collusion — 3.1. Defining the
boundaries of unlawful collusion with respect to Article 101 TFEU — 3.2. Defining the boundaries
of unlawful collusion with respect to economic collusion — 3.3. Defining the boundaries of
unlawful collusion with respect to lawful independent conduct — 3.3.1. The notions of agreements
and concerted practices — 3.3.2. The proof of agreements and concerted practices — 4. Tacit
collusion: the “oligopoly problem” in competition law — 4.1. Classical remedies to address tacit
collusion —4.1.1. Ex post remedies against tacit collusion: collective dominance under Article 102
TFEU —4.1.2. Ex ante remedies against tacit collusion: merger control and facilitating practices —

5. Conclusions

1. Introduction

There is a fundamental difference in approach between economic and legal theory in the context
of antitrust. Economic theory focuses on describing the effects of certain firm behaviors on
efficiency and welfare, providing an analytical framework to understand these dynamics. Legal
theory, on the other hand, defines the conditions under which behaviors identified by economic
analysis are deemed unlawful because they harm the specific form of welfare that competition

policy seeks to protect.

In simple terms, while economic theory seeks to explain what occurs in reality when firms adopt
certain behaviors, legal theory provides a normative framework to guide firms on what actions to

avoid to remain compliant with antitrust laws and avoid sanctions.

This divergence in approach is also evident in the theory of collusion. Collusion is widely regarded
as harmful and socially undesirable because it enables firms to exercise joint market power,

resulting in supra-competitive outcomes such as higher prices, lower output, reduced variety,
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diminished quality, and stifled innovation. However, as this chapter will demonstrate, the
differences between economic and legal perspectives have significant implications for the

understanding and regulation of collusion.

This chapter explores the interplay between the economic and legal theories of collusion,
emphasizing their distinct objectives and methodologies. While economic theory is primarily
concerned with supra-competitive outcomes regardless of how they are achieved, legal theory
focuses on the mechanisms and processes by which such outcomes are reached. This distinction

forms the theoretical foundation for the subsequent analysis of algorithmic collusive conduct.
2. The economic theory of collusion

In this section we provide a brief overview of the economic theory of collusion, aiming to clarify
that, within economic theory, collusion refers to a strategy where firms coordinate their actions to
achieve supra-competitive outcomes that increase their joint profits by reducing competition. This
typically involves practices such as price-fixing, output limitations, market division, or bid-

rigging.1%

What is important is that economists define collusion by its supra-competitive outcome, rather

than the specific methods firms use to achieve it (e.g., forming an agreement).'®® Accordingly, the

108 See Massimo Motta, Competition Policy. Theory and Practice (Cambridge University Press 2004) 138.
The economic literature on collusion is extremely vast. We refer to a non-exhaustive list of works: Joseph
E. Harrington, Jr., The Theory of Collusion and Competition Policy (The MIT Press 2017);
Herbert Hovenkamp, Federal Antitrust Policy. The Law of Competition and Its Practice (5" edn, West
Academic Publishing 2016) 191-252; Robert C. Marshall and Leslie M. Marx, The Economics of Collusion.
Cartels and Bidding Rings (The MIT Press 2012); Joseph E. Harrington, Jr., ‘How Do Cartels Operate?’
(2006) 2 Foundations and Trends in Microeconomics 1; Margaret C. Levenstein and Valerie Y. Suslow,
‘What Determines Cartel Success?” (2006) 44 Journal of Economic Literature 43; Robert H. Porter,
‘Detecting Collusion’ (2005) 26 Review of Industrial Organization 147; Marc Ivaldi et al., ‘The Economics
of Tacit Collusion’, Final Report for DG Competition, European Commission, (IDEI Toulouse, March
2003); Jean Tirole, The Theory of Industrial Organization (The MIT Press 1988) 239; Edward J. Green and
Robert H. Porter, ‘Noncooperative Collusion under Imperfect Price Information’ (1984) 52 Econometrica
87; Robert H. Porter, ‘A Study of Cartel Stability: The Joint Executive Committee, 1880-1886° (1983) 14
The Bell Journal of Economics 301; George J. Stigler, ‘A Theory of Oligopoly’ (1964) 72 The Journal of
Political Economy 44.

109 Motta (n 108) 138. This perspective does not overlook the methods through which a supra-competitive
outcome is attained. Instead, it asserts that the diverse strategies employed by firms to reach this equilibrium
do not change its classification as collusion. This stance contrasts with the legal interpretation of collusion,
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economic concept of collusion encompasses both explicit collusion, where a supra-competitive
outcome is reached through cooperation or communication between firms, and tacit collusion,

where such an outcome emerges without any such cooperation or communication.°

After distinguishing between explicit and tacit collusion based on the presence or absence of
cooperation (section 2.1), we explore the conditions necessary for collusion to be sustainable
(section 2.2) and the market features that facilitate/undermine collusion (section 2.3). Finally, we
examine the social costs associated with collusion (2.4). It is important to emphasize that

throughout this discussion, we use the term collusion in its economic sense.!!

2.1. Explicit and tacit collusion

To explain the dynamics of explicit and tacit collusion, we describe how firms set prices and output
in competitive, monopolistic and oligopolistic markets — not in terms of the price and output levels
they achieve but the processes they follow.

In perfectly competitive markets, firms act independently of one another, making decisions about
prices and output without considering the actions of their competitors. This independence stems
from the structure of competitive markets, where a large number of small firms operate, each
producing an identical product and holding an insignificant share of the market. As a result, no
single firm has the market power to influence the overall price or output. Instead, firms are price-
takers, accepting the market-determined price as given.*'? In such a setting, if a firm attempts to
undercut prices or expand output to gain market share, its actions would have a negligible impact
on the market as a whole and leave competitors’ positions largely unaffected. Consequently, firms
in a perfectly competitive market can make autonomous decisions without needing to anticipate

or react to the behavior of their rivals.'3

where only specific methods of achieving a supra-competitive outcome (i.e., explicit collusion) are deemed
unlawful.

119 1hid.

111 1n the economic definition, the term collusion is defined independent of the legal framework. See
Harrington (n 13) 334; and Stigler (n 108) 45.

112 See Dennis W. Carlton and Jeffrey M. Perloff, Modern Industrial Organization (Pearson 2015) 85.

113 Richard A. Posner, ‘Oligopoly and the Antitrust Laws: A suggested Approach’ (1969) 21 Stanford Law
Review 1562, 1563, making this explanatory example.
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The same autonomy is evident in monopolistic markets, where a single firm dominates. With no
competitors to account for and assuming entry barriers prevent newcomers, the monopolist acts
independently by definition, maximizing profits without external constraints. However, this
independence comes at a social cost, as the monopolist behavior leads to higher prices and reduced

output.14

The situation changes fundamentally in oligopolistic markets. Here, repeated interaction between
firms make them aware that their pricing and output decisions influence, and are influenced by,
their rivals’ actions.!'® For instance, if an oligopolist lowers its price, the resulting reduction in
competitors’ output would be so large to prompt immediate retaliatory responses aimed at
neutralizing its competitive advantage.!'® Therefore, foreseeing these reactions from rivals, each
firm becomes hesitant to lower its price, understanding the counteractive nature of such actions.*’
In other words, as economists have long illustrated, firms operating within oligopolies
acknowledge their interdependence.’'® This understanding discourages aggressive competitive
behavior and creates conditions under which collusion — achieving supra-competitive outcomes —

can become more appealing than competition.®

As Harrington illustrates, this process functions like a “reward-punishment scheme”: «[i]f a firm
abides by the collusive outcome [...] then it is rewarded in the future by rival firms continuing to

abide by the collusive outcome [...]; while if it departs from the collusive outcome [...], then it is

114 Carlton and Perloff (112) 115.

115 Actually, Petit explains that this assumption finds its roots in the economic models elaborated by Cournot
and Bertrand which, however, being static in nature, provide only a partial understanding of how oligopolies
work. The most profound insights into oligopoly theory and their tendency to collusion emerge from
dynamic models, i.e. economic models where firms meet repeatedly. See Nicolas Petit, ‘The “Oligopoly
Problem” in EU Competition Law’ in Ioannis Lianos and Damien Geradin (eds.), Research Handbook in
European Competition Law (Edward Elgar 2013) 259.

116 Posner (n 113) 1564.

17 bid.

18 The idea that oligopolistic firms are interdependent is due to the work of Chamberlin. Edward H.
Chamberlin, ‘Duopoly: Value Where Sellers are Few’1929 (44) The Quarterly Journal of Economics 63.
119 |pid. This is true for markets where firms meet dynamically. As Ivaldi et al. explain, «[c]ollusion emerges
when firms conjecture that any attempt to undercut the collusive price will be followed by tough retaliation
from competitors. Since retaliation arises in the future while deviations generate immediate profits, the
ability to collude depends in turn on the relative importance of current profits compared to future profits in
the firms’ objective, as reflected by their discount factor» Ivaldi et al. (n 108) 7.
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punished in the future by rival firms acting aggressively to reduce that deviating firm’s profits
([...]- Collusion ties future rewards and punishments to current behavior and that is what sustains

a supracompetitive outcome».?°

Collusion in oligopolistic markets can take two forms. Explicit or cooperative collusion involves
firms reaching agreements to coordinate prices or limit output. Recognizing their interdependence,
they deliberately choose to forgo competition for mutual benefit. This cooperative approach,
however, often relies on direct communication and formal arrangements, which are typically

illegal under antitrust laws.'?!

Tacit or non-cooperative collusion, by contrast, occurs without communication or agreements.?2
Through repeated market interactions, firms develop a mutual understanding of the benefits of
maintaining higher prices or limiting output, aligning their behavior without explicit

coordination.!?
2.2. The economic conditions for collusion to be possible

Explicit and tacit collusion, among other things, share a common fact: their implementation is not
easy and involves costs.!?* To be more precise, economists have demonstrated that for collusion
to succeed, four cumulative conditions must be met: coordination, detection, enforcement, and

entry.1?°

120 Harrington (n 13) 335-336.

121 Motta (n 108) 141.

122 As Petit explains, «in terms of effects, the market works as if there were collusion. In terms of forms (or
process), however, there is no such thing as collusion on the market. Hence, the well-known oxymoron
“tacit collusion”». See Petit (n 115) 2.

123 Chamberlin (n 118) 85, explaining that «If each [oligopolist] seeks his maximum profit rationally and
intelligently, he will realize that when there are only two or a few sellers, his own move has a considerable
effect upon his competitors, and that this makes it idle to suppose that they will accept without retaliation
the losses he forces upon them. Since the result of a cut by anyone is inevitably to decrease his own profits,
no one will cut, and, altho the sellers are entirely independent, the equilibrium result is the same as tho there
were a monopolistic agreement between them». See also James W. Friedman, ‘A Non-cooperative
Equilibrium for Supergames’ (1971) 38 The Review of Economic Studies 1.

124 Stigler (n 108) 44, arguing that «collusion [...] like most things in this world is not free».

125 See Petit (n 115) 7 and accompanying footnotes; and Motta (n 1) 139-141. As Petit explains, the
difference between tacit and explicit collusion with regard to these conditions is that in the first case «the
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First, collusion is possible only if firms reach a common understanding regarding the collusive
terms, such as the price to charge or the output to produce.’?® As Hovenkamp explains, «[t]he
perfect [collusive scheme] would contain relatively few members who collectively account for
100% of production in a relevant market. All members would be the same size and equally
efficient, and they would produce identical products. The products would be sold by the sellers in
a market containing many, relatively small purchasers, and the winning bids publicly
announced».?” Under these ideal conditions, colluding firms would share the same profit-
maximizing price and so they would easily agree on the collusive price.?® However, markets rarely
conform to this ideal. Firms often differ in size, costs, and product offerings, leading to divergent
profit-maximizing prices and multiple potential collusive equilibria rather than a single, optimal

one.'?® As a result, coordination poses a significant challenge for colluding firms.**°

The extent of the coordination challenge largely depends on whether firms engage in explicit or
tacit collusion. In the case of explicit collusion, firms can directly communicate with one another,
enabling them to identify the optimal collusive price and adjust it in response to changes in market
conditions.®3! By contrast, when direct communication is either impractical or legally prohibited
—as is typically the case under antitrust law — firms must avoid overt interactions and instead rely

market characteristics are such that collusion arises spontaneously», while in the second case «rivals must
enter into an arrangement to reach and sustain collusion.

126 Hovenkamp (n 108) 146.

127 1bid. 147-148. The author adds that «[the] [collusive scheme] would have the most success in raising
price by reducing output if its members controlled 100% of the market. If they were equally efficient and
produced identical products, they would have the same profit maximizing price and would agree quite easily
about a [collusive] price. If they were the same size they would have little trouble allocating output
reduction among members. If the cartel had relatively few members, made its sales by auction bids with
publicly announced results, and sold to a large number of small buyers, there would be little opportunity
for cheating».

128 That collusive price would be equal to the monopolist’s profit maximizing price, as will be better
explained below (section 2.4.).

129 Notably, this spectrum ranges from the perfectly competitive price to the full collusive price, with each
strategy yielding different levels of profits. See Hovenkamp (n 108) 148; and Motta (n 108) 140.

130 Motta (n 108) 140.

131 |bid. 140-141. n the role of communication in sustaining collusion in the economic literature see among
the others, Yu Awaya and Vijay Krishna, ‘On Communication and Collusion’ (2016) 106 American
Economic Review 285; and Michihiro Kandori and Hitoshi Matsushima, ‘Private Observation,
Communication and Collusion’ (1998) 66 Econometrica 627
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on market signals and iterative experimentation to establish a mutually beneficial collusive price.
Tacit collusion, however, carries inherent risks of errors and misinterpretation. For instance, if a
firm lowers its price intending to coordinate on a new equilibrium, this action might be mistakenly
perceived as a deviation, prompting rival firms to retaliate rather than align, potentially

destabilizing the collusive arrangement.'32

The second and third conditions, often referred to as “Stigler’s conditions™ for collusion, are the
ability to detect and punish deviations from the collusive equilibrium.3® In his seminal work,
Stigler underscored the inherent instability of collusive arrangements, driven by the incentive for
individual firms to secretly deviate from the agreed terms by undercutting prices or increasing
output.* Such behavior can yield short-term gains for the cheater but ultimately jeopardizes the
long-term stability of the collusion **° Suppose, for example, that firms have agreed to maintain a
fixed price for a specific chemical product in a market for industrial chemicals. If one firm secretly
offers discounts to certain buyers while the others adhere to the agreed price, the cheating firm
may temporarily gain market share and increased revenues. However, once the other firms detect
this deviation, they may retaliate by undercutting prices as well, triggering a price war that
collapses the collusion and erodes the profits of all participants.

Thus, to mitigate the risk of cheating, colluding firms must establish effective detection
mechanisms to identify cheaters as a first step.1*® When prices and outputs are perfectly observable,
firms can monitor adherence to the collusive arrangement and easily identify deviations.'*’ By
contrast, in cases where observability of prices and output is limited, firms may not be able to

detect cheating and to distinguish whether a lower output is due to a negative shock in demand or

1322 Motta (n 108) 140-141.

133 Stigler (n 108) 46. See also Hovenkamp (n 108) 149-150, arguing that even the most stable collusive
scheme presents this issue, to the extent that cartel cheating can be considered as a universal issue. The
author explains that several cheating strategies exist, which aim at making detection more difficult. These
include price discrimination practices, secret rebates or reciprocity agreements in which the cheater buys
something back from the customer.

134 Dale K. Osborne, ‘Cartel Problems’ (1976) 66 The American Economic Review 835.
1% Hovenkamp (n 108) 149.
136 Stigler (n 108) 46.

137 Motta (n 108) 150-151.
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to a price cut by a rival.*® Therefore, colluding firms must resort to alternative ways to monitor
cach other’s behavior and safeguard compliance. These may include exchanging information about
past and current prices, using standardized reporting practices or consistent accounting methods,
making pricing transparent and public, vertically integrating into retail operations, or allocating
market shares to each participant.'*® These measures ensure that cheating can be quickly identified
and distinguished from legitimate deviations caused by external factors, such as demand

fluctuations.

In addition to detection mechanisms, a credible threat of retaliation is also necessary to deter
breaches of the collusive arrangement.2*? Retaliation typically involves more aggressive price cuts
or output increases by the non-cheating firms, neutralizing any advantage gained by the cheater.'4!
In some cases, firms may revert to competitive pricing or even engage in predatory pricing to
discipline the cheater. However, this approach can prove to be inconvenient and permanently break
the collusive scheme. In fact, while retaliation inevitably entails costs for all parties involved in
the collusion, these costs must be structured to disproportionately affect the cheater, ensuring that

adherence to the collusive agreement remains the more attractive option for each firm.142

Finally, successful collusion requires the existence of a relevant market shielded by high entry
barriers. These barriers prevent new entrants from destabilizing the collusive equilibrium by
introducing competitive pricing or increased output. Without such protection, any collusive

arrangement would quickly unravel.'43

138 But see Green and Porter (n 108) 87, demonstrating that a collusive outcome may arise also under
imperfect observability.

139 Motta (n 108) 150-151; and Hovenkamp (n 108) 151-152.

140 More to the point, a credible punishment should render the cost of cheating higher than the profit of
deviation. Moreover, since collusion is most of the time illegal, colluding parties cannot resort to legal
action against cheaters in courts. Hence, in devising effective threats, they must guarantee the secrecy of
the collusive scheme. See Hovenkamp (n 108) 147.

141 1In other words, the punishment consists in market behavior. See Motta (n 108) 139 fn 7.

142 In markets characterized by high product differentiation, a viable alternative punishment strategy might
involve restricting the cheater’s access to a shared distribution network or common input. See Hovenkamp,
(n 108) 154.

143 Hovenkamp (n 108) 147.
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In summary, while collusion promises shared gains, it imposes significant costs and challenges on
its participants. In particular, successful collusion requires a common understanding between
firms, robust mechanisms for monitoring compliance and enforcing discipline and, finally, a

market protected by entry barriers.

2.3. Factors that facilitate/lundermine collusion

The economic literature has also identified various market features that influence the economic
conditions for collusion discussed above, either facilitating or undermining collusion. These
features can be endogenous (e.g., market concentration) or exogenous (e.g., price transparency).
Depending on their effect, they are often referred to as “plus factors” (facilitating collusion) or
“minus factors” (hindering collusion).** As we will explore in the following sections, these factors
are not merely of theoretical interest but play a crucial role in competition law enforcement,
particularly in merger control.}® Antitrust authorities evaluate these factors when assessing

whether a market, post-merger, is more or less prone to collusion, particularly tacit collusion.

While the economic literature on plus and minus factors is extensive, it remains far from
unanimous. Some studies attribute a facilitating effect to specific market features, while others
argue that the same features may have a collusion-undermining impact.'*® In this discussion, we

primarily draw on the framework and insights provided by Motta (2004).

2.3.1. Endogenous market features (structural factors)

Endogenous market features — often referred to as structural factors because they relate to the
inherent structure of a given market — include concentration, barriers to entry, demand evolution,

product homogeneity, and symmetry.14’

144 Petit (n 115) 7-9.
145 See, in particular, sections 4.1 and 4.1.2 below.
196 Petit (n 115) 9.

147 Motta (n 108) 142-149. Other factors, although less relevant to our discussion, are: (i) cross ownership
and other links among competitors; (ii) the regularity and frequency of orders; (iii) buyer power; (iv)
demand elasticity; (v) inventories and excess capacities.
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First, market concentration generally increases the likelihood of collusion. Fewer firms in a market
reduce the incentive to deviate from a collusive arrangement since the profits gained from cheating
are often outweighed by the losses incurred through rivals’ retaliation. Moreover, concentration
facilitates coordination, as it is easier for a smaller group of firms to agree on the terms of collusion.
However, concentration alone does not guarantee collusion — it must be considered alongside other
factors. For example, high asymmetry among firms may hinder collusion even in a concentrated

market, as differences in size or capacity could create conflicting incentives.'*®

Second, the economic literature also refers to barriers to entry as a factor significantly influencing
the likelihood and sustainability of collusion. We have mentioned that for collusion to endure,
firms must deter potential entrants who could disrupt the collusive equilibrium. When barriers to
entry are low, the high profits associated with collusive pricing are likely to attract new
competitors. These entrants may either act as mavericks, taking market share from colluding firms,
or join the collusive arrangement, thereby reducing market concentration and undermining the

collusive terms.14°

Third, the impact of demand evolution on the likelihood and sustainability of collusion depends
on the nature and predictability of demand shocks. When demand shocks are unpredictable, a
positive shock (e.g., a sudden increase in demand) can disrupt collusion because the potential for
unusually large profits creates a strong incentive for firms to deviate. Conversely, negative shocks
(e.g., a sudden drop in demand) may make collusion more appealing, as firms may prefer to avoid
price wars and stabilize profits during downturns. In contrast, when demand evolution is
predictable, the dynamics are reversed. An anticipated increase in demand motivates firms to stick
to the collusive scheme, as they expect greater future profits from maintaining high prices. On the
other hand, a foreseeable decline in demand reduces the attractiveness of collusion, as firms may
see less benefit in cooperating. Additionally, demand stability and observability play a crucial role
in sustaining collusion. Frequent and unpredictable demand fluctuations create uncertainty, which
complicates the detection of cheating. For example, firms may struggle to determine whether a

decline in profits is due to a competitor undercutting the collusive price or simply a result of

148 1bid. 143.
149 1bid. 143-144.
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reduced market demand. Such uncertainty undermines the ability to monitor compliance

effectively, making collusion harder to sustain.!>

Fourth, in the enforcement of competition law, markets with homogeneous products are generally
considered to be more conducive to collusion. Theoretically, however, the effect of product
differentiation is more ambiguous. On the one hand, differentiated products make enforcement
more difficult, as retaliatory actions by colluding firms are less likely to significantly impact a
cheater’s demand. On the other hand, differentiation reduces the profitability of cheating, as
lowering prices to attract customers from rivals may yield only marginal gains. Thus, the net effect

of product differentiation on collusion depends on the specific market context.*®

Finally, symmetry among firms — whether in terms of market shares, costs, capacities, or other
dimensions — facilitates collusion. Similarity among firms makes it easier to coordinate on
collusive terms and simultaneously reduces the temptation to cheat. When firms have comparable
incentives and positions, maintaining a collusive equilibrium becomes significantly more

feasible.1%2

The table below provides a summary of how exogenous market features (structural factors)
influence collusion. It is important to note, however, that this schematization is an
oversimplification. In practice, the impact of each factor on the likelihood and sustainability of
collusion must be assessed holistically and on a case-by-case basis, using a thorough economic
analysis. This point will be explored in greater detail in the following section 4.1.2, which

discusses merger law as a tool to address tacit collusion.

150 |bid. 145-146.
151 1bid. 146-147 and literature quoted therein.
152 |pid. 147-148.
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Impact on collusion

Impact on conditions for
collusion

Market concentration

Facilitates collusion by
reducing the number of firms,
simplifying coordination, and

lowering deviation incentives.

C1 (Coordination): Easier
with fewer firms.

C2 (Detection): Simplified
with fewer firms.

C3 (Enforcement): Easier
retaliation due to fewer
players.

C4 (Entry): Not directly
affected.

Entry

High barriers support
collusion by deterring new
entrants; low barriers
undermine collusion.

C1 (Coordination): Easier
with no new entrants.

C4 (Entry): Low barriers
undermine sustainability.

Evolution of demand

Unpredictable demand:
Positive shocks incentivize
deviation; negative shocks
may stabilize collusion.
Predictable demand:
Anticipated increases sustain
collusion; declines weaken it.

C2 (Detection): Harder with
demand uncertainty.

C3 (Enforcement):
Uncertainty complicates
retaliation.

Product homogeneity

Facilitates collusion by
making retaliation more
impactful; but differentiated
products weaken cheating
incentives.

C1 (Coordination): Easier
with homogeneous products.
C3 (Enforcement): Effective
retaliation with homogeneous
products.

Symmetry

Greater symmetry facilitates
collusion by aligning
incentives and simplifying
coordination.

C1 (Coordination): Easier
with similar firms.

C3 (Enforcement): More
balanced punishment
incentives.

C2 (Detection): Not
significantly affected.

Table 2: Impact of structural factors on collusion and conditions for collusion

2.3.2. Exogenous market features: transparency and communication

Motta examines two relevant exogenous market features that affect the economic conditions for

collusion: market transparency and communication between firms.
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As previously discussed, market transparency — i.e., observability of prices and output — facilitates
collusion by enabling firms to detect cheating, including distinguishing between deviations from
the collusive agreement and genuine negative demand shocks in the case of output reductions.*®
In contrast, a lack of transparency makes it harder to sustain collusion, although economists have

shown that it does not entirely eliminate the possibility of reaching a collusive equilibrium.*>*

In any case, in the absence of transparency, communication becomes crucial. For example,
exchanges of information between firms regarding past prices and quantities can help identify
deviators and target market punishments.?®> Communication is also essential for facilitating the
initial coordination of collusion. Specifically, information exchanges about future prices and
quantities enable firms to determine the optimal collusive price.'®® As noted above, since each
colluding firm may have a different profit-maximizing price, finding a price that satisfies all
participants can be challenging. In this context, the exchange of information — whether through

private discussions or public price announcements — can help overcome this hurdle.

2.4. The social costs of collusion

If the economic conditions for collusion outlined above are satisfied — namely, an understanding
is established between firms, effective detection mechanisms are in place, and the threat of credible
punishment exists — firms will have a strong incentive to adhere to the collusive scheme. As a

result, a collusive outcome will emerge in the market.

Regardless of whether this outcome is achieved through explicit or tacit collusion, the impact on
consumer welfare is invariably detrimental.®>” Specifically, as illustrated in the graph below, the

perfect collusive equilibrium®® reproduces the monopolistic equilibrium, occurring at the

153 Motta (n 108) 151.

154 Green and Porter (n 108).
155 Motta (n 108) 151-152.
1%6 |bid. 153-156.

157 Petit (n 115) 13.

18 Again, to be specific, the social costs of collusion may not correspond to those of monopoly. On one
hand, the impact on static efficiency might be less pronounced than that caused by a monopoly. Due to
inherent challenges in reaching consensus on both price and output, as well as in detecting secret deviations
from the collusive scheme, the deadweight loss associated with collusion is generally lower than that of a
monopoly. On the other hand, the effect on dynamic efficiency can be more severe. This is because, for the
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intersection of the market’s marginal revenue curve and the colluders’ marginal cost curve (Figure

1). This generates social costs equivalent to those caused by a monopolistic equilibrium.

So, first, collusion leads to a deadweight loss, representing consumers excluded from accessing
the goods sold at the collusive price (depicted by the GEME® triangle). Second, collusion results
in a wealth transfer from consumers to producers, as colluders capture all consumer surplus
(represented by the square P°PMEMG). Lastly, collusion leads to a suboptimal level of production
compared to a competitive scenario, resulting not only in reduced quantity but also in lower
quality, variety, and innovation. This is due to colluders channeling extra profits into rent-seeking

activities to maintain their positions, rather than investing in innovation.

In summary, collusion negatively impacts both static efficiency (corresponding to a decline in total
welfare) and dynamic efficiency. Moreover, it has adverse distributional effects, determining a
reduction in consumer welfare. These reasons prompt antitrust regimes worldwide to prohibit
collusion. However, as the following sections will delve into, only explicit collusion falls within

the scope of antitrust law.

Consumer surplus — consumers that
still can pay less than what they were
willing/able to pay for X

Deadweight loss —
consumers that

cannot have access to
Surplus good X
transfer
C
MNE
M C
Q Q Q

Figure 1: The social costs of collusion

same reasons mentioned earlier, colluding firms often allocate a significant portion of their profits towards
reaching agreements on output and price or establishing an effective monitoring and punishment system to
deter cheating behavior. See Hovenkamp (n 108) 165-166.
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3. The legal theory of collusion

As anticipated, this section explores the legal theory of collusion — or, more precisely, the notion

159

of unlawful collusion.” While economics defines collusion «independent[ly] of the legal

160

regime»,~* real-world collusive practices must be assessed in light of the prohibition on

anticompetitive arrangements enshrined in Article 101 TFEU under EU competition law. 1%

Given that the legal treatment of collusion has been extensively addressed in both academic
literature and case law, this section does not aim to offer an exhaustive or novel account. Rather,
its objective is to establish a conceptual framework for the subsequent analysis of pricing
algorithms as potential instruments of collusive behavior. To lend an original contribution, the
section approaches the topic as an exercise in drawing the boundaries between unlawful collusion

and other closely related legal and economic categories.

First, the analysis distinguishes unlawful collusion from the broader range of conduct prohibited
by Article 101 TFEU, clarifying that the term “collusion” typically refers to a narrower subset of
anticompetitive behaviors — namely, cartels and other hardcore restrictions. Second, it
differentiates unlawful collusion from the economic notion of collusion, highlighting that legal
theory addresses only those outcomes achieved through an agreement or a concerted practice.
Third, it emphasizes the importance of distinguishing between unlawful collusion — based on
coordinated or cooperative conduct — and lawful independent or interdependent behavior, which

falls outside the scope of antitrust enforcement.

To this end, the section examines the legal definitions of “agreement” and “concerted practice”
under EU competition law, which together delineate the threshold for the application of Article
101 TFEU. Conduct that fails to meet at least the minimum criteria for a concerted practice remains
lawful. The discussion also considers the evidentiary standards required to establish the existence

159 Harrington (n 13) 336.

160 1hid. 334.

161 The first paragraph of Article 101 TFEU prohibits «as incompatible with the internal market: all
agreements between undertakings, decisions by associations of undertakings and concerted practices which
may affect trade between Member States and which have as their object or effect the prevention, restriction
or distortion of competition within the internal market». The same provision includes also a non-exhaustive
list of anticompetitive arrangements.
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of an agreement or concerted practice. While the focus is on EU law, occasional references are

made to US antitrust law, particularly Section 1 of the Sherman Act, for comparative purposes.
3.1. Defining the boundaries of unlawful collusion with respect to Article 101 TFEU

The first necessary clarification concerns the relationship between unlawful collusion and the
broader scope of Article 101 TFEU. In competition law, “collusion” is typically understood more
narrowly than the full range of anticompetitive conduct addressed by Article 101.1%? More
specifically, the term refers to horizontal arrangements among competitors that aim to fix prices,
restrict output, allocate quotas, segment markets, or rig bids — practices collectively known as

cartels, “hardcore restrictions,” or “restrictions by object”.163

By contrast, Article 101 TFEU also covers a wider spectrum of restrictive arrangements. These
include vertical agreements between firms operating at different levels of the supply chain,®* as
well as horizontal or vertical arrangements that may pursue objectives other than restricting
competition.®® That said, this broader understanding does not extend to concerted practices, which

EU courts have consistently defined narrowly.'®® In particular, concerted practices are generally

162 However, it must be noted that some authors use the term ‘collusion’ as a synonym for ‘unlawful
cooperation’, to include all the cases that can fall under the scope of Article 101 TFEU. See, for example,
Francisco Costa-Cabral, ‘The Limits of Collusion Under Article 101(1) TFEU” in Koen Lenaerts et al.
(eds), Building the European Union: The Jurist’s View of the Union’s Evolution (Hart Publishing 2021)
119 available at < https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3789180> (last accessed November
2024); and Albertina Albors-Llorens, ‘Horizontal Agreements and Concerted Practices in EC Competition
Law: Unlawful and Legitimate Contacts Between Competitors’ (2006) 51 The Antitrust Bulletin 837.
Similarly, the term collusion is used in the same manner in certain EU official documents. See, for example,
Communication from the Commission — Guidelines on the application of Article 81(3) of the Treaty [2004]
0J C 101/97, paras 14 and 15 (“Guidelines on the application of Article 101(3)”).

163 See Motta (n 108) 137; and Whish Bailey (n 63) 520-521.

164 See joined cases 56 and 58/64 Consten and Grundig v Commission [1996] ECLI:EU:C:1966:41, para
342.

165 Examples include horizontal cooperation agreements, or vertical selective distribution systems. See
Communication from the Commission — Guidelines on the applicability of Article 101 of the Treaty on the
Functioning of the European Union to horizontal co-operation agreements [2023] OJ C 259/1 (“Horizontal
Guidelines”); and Communication from the Commission — Guidelines on vertical restraints [2022] OJ C
248/1 (“Vertical Guidelines”).

166 See Section 3.3.1 below.
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limited to horizontal coordination — such as price-fixing, output limitation, or market division —

and are presumed to lack any procompetitive justification.®’

Collusion thus occupies a central place in competition law and represents the area in which legal
systems around the world tend to converge most clearly.'®® Collusive behavior is universally
recognized as the most harmful form of competition restriction, and its detection and deterrence
constitute a top enforcement priority for competition authorities globally.%® As a result, collusion
is broadly prohibited and subject to severe sanctions, including significant administrative fines
and, in some jurisdictions such as the US*’® and the United Kingdom (UK),'"* criminal penalties

including imprisonment.

Under the EU legal regime, collusive conduct falls under the category of “restrictions by object”,
meaning that it is considered inherently harmful to competition and does not require a detailed
analysis of its actual effects. This classification carries specific procedural consequences. First,
restrictions by object are excluded from the safe harbor provided by the Commission’s De Minimis

Notice, which applies to agreements deemed unlikely to have appreciable effects on competition

167 This theory is contended by Federico Ghezzi and Mariateresa Maggiolino, ‘Bridging EU Concerted
Practices with U.S. Concerted Action’ (2014) 10 Journal of Competition Law and Economics 647, 667.
The authors explain that «Article 101 takes the notion of arrangement as separate from the prohibition of
anticompetitive arrangements. Article 101 also includes agreements and decisions by associations of
undertakings that are lawful, because their aims and effects are not anticompetitive. But what about
concerted practices? In particular, do concerted practices that are anticompetitive exist not because of their
aims but because of their effects?

Although the Court of Justice of the European Union has maintained that concerted practices may have a
procompetitive object and anticompetitive effects, it is hard to imagine such a concerted practice if the first
building block of any concerted practice amounts, by definition, to an exchange of strategic information
that presumably implies coordination of the firms’ strategies. Put differently, it is the very same definition
of concerted practices that makes it an offense that is forbidden in itself. Consequently, in the context of
concerted practices, the distinction between the notion of arrangements and prohibition does not appear to
exist anymore».

168 Ghezzi and Olivieri (n 35) 103.

189 Whish and Bailey (n 63) 536-539.

170 Sherman Act 1890, 15 USC § 1.

11 Enterprise Act 2002, Section 188.
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due to the limited market shares of the parties involved.!’? Second, they benefit from a presumption
of anticompetitive effects, relieving the authorities from the burden of proving actual harm or even
defining the relevant markets.}” Third, although rare in practice, such conduct may still qualify
for exemption under Article 101(3) TFEU, provided that the four cumulative conditions set out

therein are strictly satisfied.*’*

172 Communication from the Commission — Notice on agreements of minor importance which do not
appreciably restrict competition under Article 101(1) of the Treaty on the Functioning of the European
Union (De Minimis Notice) OJ C 291/1 para 2.

173 Guidelines on the application of Article 101(3) TFEU, para 20.

174 Case C-439/09 Pierre Fabre Dermo-Cosmétique SAS v Président de I’ Autorité de la concurrence and
Ministre de I’Economie, de I'Industrie et de I’'Emploi [2011] ECR 1-9419, para 64. Guidelines on the
application of Article 101(3) TFEU paras 20 and 46.

Without entering into details, the first two conditions listed by Article 101(3) are positive (improvement in
the production or distribution of goods or in technical or economic progress; fair share to consumers), while
the second two are negative (indispensability of the restriction; no elimination of competition in a
substantial part of the market). The idea behind this provision is that certain restrictive agreements may
generate economic benefits that outweigh the adverse effects of the restriction of competition.

In the past, parties entering into an agreement were required to notify arrangements to the Commission to
seek individual exemption from the application of Article 101(1) TFEU. The Commission held exclusive
power over this process. However, Regulation 1/2003 has abolished the notification system and the
Commission’s monopoly on individual exemptions. Today, firms have the autonomy to self-assess their
arrangements, and the power to apply Article 101(3) is shared among the Commission, national competition
authority and national courts. See Articles 1(1) and (2), 5 and 6 of the Council Regulation (EC) No 1/2003
on the implementation of the rules on competition laid down in Articles 81 and 82 of the Treaty [2003] OJ
L 1/1 (“Regulation 1/2003); and Whish and Bailey (n 63) 158.

Concerning the burden of proof, the Commission, a national competition authority or a private party before
a national court bears the burden of demonstrating the infringement. On the other hand, undertakings are
responsible for showing that the conditions specified in Article 101(3) are fulfilled (see Article 2 Regulation
1/2003).

Additionally, EU competition law makes a distinction between individual and block exemptions. In the
former scenario, following the verification of the fulfillment of Article 101(3) conditions, the Commission
declares that the prohibition of restrictive practices does not apply to a specific arrangement. In the latter
case, Article 101(3) stipulates that the prohibition may not apply to categories of restrictive practices. In
this regard, the Commission has enacted regulations that predefine the conditions under which certain
categories of agreements may receive an automatic exemption from the application of Article 101(1).
Specifically, an agreement falling within the scope of a Block Exemption Regulation is deemed lawful if:
(i) its clauses are among those permitted by the Block Exemption Regulation; (ii) it does not contain any
clauses expressly prohibited; (iii) the parties do not exceed the size thresholds outlined in the relevant
regulation (this condition relates to the market power of the parties); and (iv) any additional conditions
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3.2. Defining the boundaries of unlawful collusion with respect to economic collusion

A further distinction must be drawn between unlawful collusion and economic collusion. As
discussed earlier, economic theory encompasses both explicit and tacit forms of collusion, treating
them as functionally equivalent insofar as they both result in supra-competitive outcomes. By
contrast, antitrust law, and in particular Article 101 TFEU, is concerned only with explicit
collusion — that is, coordination among undertakings achieved through some form of concertation
or cooperative conduct.*” This limitation is reflected in the categories enumerated under Article
101: agreements, concerted practices, and decisions by associations of undertakings, all of which
presuppose an element of coordination.’’® As a result, the legal notion of unlawful collusion is
narrower in scope than its economic counterpart. To visualize this, one might imagine collusive
behavior as a continuum ranging from independent to coordinated conduct: unlawful collusion

represents only that subset of conduct that falls on the coordinated end of the spectrum.

But what underpins this restrictive legal focus? Why does competition law limit its enforcement

to concerted actions? The answer lies in a foundational principle of EU competition law: the

specified in the regulation are satisfied. It is important to note that an agreement not meeting these criteria
may still be eligible for an individual exemption under Article 101(3) TFEU. Currently, there exist both
general exemption regulations — applicable to certain agreement types regardless of the specific sectors or
markets where the concerned undertakings operate such as regulations on vertical agreements,
specialization, research and development, and technology transfer — as well as sectoral exemption
regulations, including the regulation on motor vehicle distribution and cooperation between insurance
companies. See Whish and Bailey (n 63) 176-179.

175 As some authors do, one could say that unlawful collusion includes only explicit collusion. However, it
is important to recognize a nuanced distinction between the use of concepts in economics and legal theory.
In economics, the difference between explicit and tacit collusion hinges on the presence or absence of
communication. By contrast, in legal theory, the mere presence or absence of communication is not
sufficient to differentiate prohibited collusion from lawful behavior. For instance, an agreement can be both
explicit (requiring communication) and tacit (with no explicit communication). Therefore, as we will
explore later, the legal distinction between explicit and tacit collusion rests on the presence or absence of
cooperation or concerted action, terms that will be treated as synonymous throughout the text. But see
William H. Page, ‘Communication and Concerted Action’ (2007) 38 Loyola University Chicago Law
Journal 405; and Oliver Black, Conceptual Foundations of Antitrust (Cambridge University Press 2005),
arguing that the presence or absence of communication distinguishes concerted action from conscious
parallelism.

176 Albors-Llorens (n 162) 839. See Section 3.3 below. The same is true for the US legal system. See
Hovenkamp (n 108) 159.

61



principle of independence. According to this principle, market participants are expected to
determine their conduct autonomously, bearing the commercial risks and rewards of
competition.!”” This independence is essential to preserving the integrity of the competitive
process, whereby firms strive to outperform one another through lower prices, better quality,

greater variety, or increased innovation — all of which ultimately benefit consumers.

Conversely, when firms coordinate their market strategies, they collectively distort the competitive
process, acquiring a form of joint market power that undermines the incentives for competitive
rivalry. This can lead to higher prices, reduced output, diminished product diversity, lower quality,

and stifled innovation.

The principle of independence entails two fundamental corollaries. First, as noted, competition
law condemns only those behaviors that arise from concertation or cooperation among
undertakings. This, however, does not resolve the enduring difficulty of defining what concertation
is and delineating the boundary between concerted and independent conduct — a subject of
considerable legal debate, particularly with regard to conduct that straddles the line between the

two categories.'’® This issue will be explored in greater depth in the sections that follow.

Second, and closely related, is the long-standing principle that competition law «does not deprive

economic operators of the right to adapt themselves intelligently to the existing and anticipated

17 1n the EU, the principle of independence has been affirmed many times in case law and is explicitly
recognized in official documents, such as the Guidelines on the application of Article 101(3), para 14.
Regarding the case law, see Joined cases 40 to 48, 50, 54 to 56, 111, 113 and 114/73 Codperatieve
Vereniging “Suiker Unie” UA and others v Commission [1975] ECR 1663, para 173 (“Suiker Unie”); Case
C-49/92 P Commission v Anic Partecipazioni SpA [1999] ECR 1-4125 (“Anic Partecipazioni”), para 116;
and Case C-238/05 Asnef-Equifax v Ausbanc [2006] ECR 1-11125, para 32.

The same principle is found in US competition law. See, for example Copperweld Corp. v. Independence
Tube Corp., 467 U.S. 752, 768-9 (1984), where the Supreme Court clarified that «[c]oncerted activity [...]
deprives the marketplace of the independent centers of decision-making that competition assumes and
demands. In any conspiracy, two or more entities that previously pursued their own interests separately are
combining to act as one for their common benefit. This not only reduces the diverse directions in which
economic power is aimed but suddenly increases the economic power moving in one particular direction».
178 See Donald F. Turner, ‘The Definition of Agreement Under the Sherman Act: Conscious Parallelism
and Refusals to Deal’ (1962) 75 Harvard Law Review 655, 656, who refers to the concept of ‘agreement’
as synonym for cooperation.
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conduct of their competitors».1® In other words, purely unilateral behavior — even if it leads to
coordinated market outcomes — remains outside the scope of Article 101. This includes what is
commonly referred to as “tacit collusion”, “oligopolistic interdependence”, or “conscious
parallelism”. While doctrinal debate persists as to whether such behavior should fall within the

reach of antitrust enforcement, the current legal framework excludes it from liability.*e°

Taking these considerations into account, it becomes essential to distinguish between concerted or
cooperative conduct — which may fall within the scope of Article 101 — and independent8! or
interdependent®® conduct, which remains presumptively lawful. To this end, the following
analysis will focus on the two principal legal constructs through which Article 101 captures
unlawful coordination: agreements and concerted practices.’®® By contrast, decisions by
associations of undertakings will not be examined separately, as they typically reflect either an

agreement or a concerted practice in substantive terms.84

It is also important to clarify that the following discussion extends beyond traditional collusive
practices such as price fixing or output restrictions. Rather, the concept of an “arrangement” under

Acrticle 101 serves a jurisdictional function: it determines whether the conduct in question falls

179 Suiker Unie, para 174; and case C-8/08 T-Mobile Netherlands BV [2009] ECR 1-4529 (“T-Mobile”),
para 33.

180 See Section 4 below.

181 Independent conduct refers to decisions made autonomously, unaffected by the choices of others. Put
simply, an action is considered independent when an individual or entity would have made the same
decision regardless of the decisions made by their competitors. See Turner (n 178) 663.

182 Meaning conduct that depends on competitors acting in the same way. Ibid. and see Section 3 below.
183 As the Guidelines on the application of Article 101(3) TFEU specify, agreements and concerted practices
(together with decisions by associations of undertakings) «allow a distinction to be made between the
unilateral conduct of an undertaking and co-ordination of behaviour or collusion between undertakings»,
where the term collusion is used as a synonym for unlawful concertation. See Guidelines on the application
of Article 101(3) TFEU, para 14.

184 See Guidelines on the application of Article 101(1) TFEU, para 15, stating that «[t]he type of co-
ordination of behaviour or collusion between undertakings falling within the scope of Article 81(1) is that
where at least one undertaking vis-a-vis another undertaking undertakes to adopt a certain conduct on the
market or that as a result of contacts between them uncertainty as to their conduct on the market is
eliminated or at least substantially reduced».
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within the scope of the provision, without necessarily implying that the conduct is substantively

anticompetitive. &

Article 101 is structured around three core elements: (i) the existence of an arrangement, (ii) its
anticompetitive object or effect, and (iii) the possibility of exemption under paragraph three. In
legal proceedings, the burden of proof for the first two elements lies with the enforcer — be it the
Commission, a national competition authority, or a private claimant — while the burden of proof
for the exemption lies with the defendant undertakings.'®® The analysis that follows will
concentrate on the first element, exploring both its theoretical contours and evidentiary

implications.

3.3. Defining the boundaries of unlawful collusion with respect to lawful independent

conduct

In our exercise of tracing boundaries, finally, a clear separation must be traced between unlawful

collusion, or rather concerted actions, and independent conduct (lawful).

This involves addressing two separate issues. First, a theoretical issue, entailing the comprehension
of when an arrangement exists and the differentiation between agreements and concerted
practices.®” Indeed, the TFEU does not give explicit definitions for these categories. Second, a
practical issue, concerning the substantiation of the existence of agreements and concerted

practices.!8®
3.3.1. The notions of agreements and concerted practices

From a practical perspective, the distinction between agreements and concerted practices — and the
classification of specific behavior as one or the other — is not particularly significant.*®® Numerous

legal precedents demonstrate that cooperation between undertakings can be classified as either an

18 See Okeoghene Odudu, The Boundaries of EC Competition Law: The Scope of Article 81 (Oxford
University Press 2006) 57, 58-59; and Costa-Cabral (n 162) 15.

186 Albors-Llorens (n 162) 838-839.
187 |hid. 839.
188 See Section 3.3.2 below.

189 Albors-Llorens (n 162) 843; and Costa-Cabral (n 162) 5 proposing to delineate an ‘ontological limit’ to
Article 101 TFEU, to be found in the notion of a ‘single continuous infringement’, regardless of whether a
specific behavior is classified as an agreement or a concerted practice.
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agreement or, at least, a concerted practice.'® Furthermore, misclassifying an agreement as a
concerted practice (or vice versa) generally does not result in procedural penalties. In practice,
joint classification (treating a behavior as both an agreement and a concerted practice) or partial
classification (categorizing different aspects of a conduct separately as an agreement or a concerted

practice) is also permissible.'®!

What truly matters in practice is distinguishing between collusive (or rather concerted) and non-
collusive (independent or interdependent) behavior.'®? And for legal proceedings, at the end of the

day, the critical issue lies in demonstrating some form of cooperation between undertakings.%

That said, without contradicting itself, EU jurisprudence maintains that agreements and concerted
practices still retain distinct conceptual and theoretical differences, even if these distinctions are

less relevant in practical enforcement.'%

Generally speaking, EU antitrust law adopts a broad definition of arrangements aimed at capturing
and scrutinizing any form of cooperation, ranging from overt and explicit to subtle and covert
forms.'®® This approach minimizes the possibility of evading the prohibition of anticompetitive

arrangements,

Regarding agreements, the current accepted definition can be traced back to the Bayer case, where
the Court of Justice of the European Union (CJEU) stated that an agreement «centers around the

existence of a concurrence of wills between at least two parties, the form in which it is manifested

1% Commission Decision of 1 October 2008, Case COMP/39181 — Candle Waxes, [2008] OJ L 303/8, para
239.

191 See, among the others, Case T-655/11 FSL Holdings and Others v European Commission [2015]
ECLI:EU:T:2015:383, para 419.

192 Anic Partecipazioni, para 108.

19 Prolypopylene (Case 1V/31.149) Commission Decision 86/398/EEC [1986] OJ L 230/1
(“Prolypopylene”), para 87, establishing that «[t]he importance of the concept of a concerted practice does
not thus result so much from the distinction between it and an ‘agreement’ as from the distinction between
forms of collusion falling under Article 85 (1) and mere parallel behaviour with no element of
concertation».

194 Prolypopylene, para 86. See also Albors-Llorens (n 162) 843.

195 See Case C-238/05 Asnef-Equifax v Ausbanc [2006] ECR 1-11125, para 32; Anic Partecipazioni, para
112.

19 Prolypopylene, para 87.
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being unimportant so long as it constitutes the faithful expression of the parties’ intention».®’

According to this definition, the main elements of the notion of agreement can be identified.

First, there must be a common intention, referred to as a “concurrence of wills” or “meeting of
minds”.*%® This, of course, presupposes multilateralism, i.e., the involvement of at least two parties.
Odudu argues that focusing on common intention aligns the definition of agreement in antitrust
law with the definition of agreement in contract law, where both an offer and an acceptance are

required.t®®

Second, this common intention must be externally manifested in some way, though the specific
form of expression — whether written, oral,>® or through actions that imply agreement?! — is
considered irrelevant. This means that agreements can take various forms, including formal
contracts, verbal agreements, or even tacit agreements, which are implicit understandings inferred
from the conduct of the parties, as will be explored in the next section.?° Furthermore, the actual

implementation of the agreement is irrelevant to its classification.?%

Compared to agreements, the definition of concerted practices has undergone a more turbulent
evolution. The rationale for including concerted practices among the categories addressed by the
Treaty was to encompass forms of cooperation different from agreements that would otherwise

197 Case T-41/96 Bayer AG v Commission [2000] ECR 11-3383, para 69.

1% The expression ‘meeting of the minds’ comes from US case-law. See Am. Tobacco Co. v. United States,
328 U.S. 781, 810 (1946); and Bell Atlantic Corp. v. Twombly, 127 S.Ct. 1955, 1966 (2007). See also
William H. Page, ‘Facilitating Practices and Concerted Action under Section I of the Sherman Act’ in Keith
N. Hylton (eds), in 4 Antitrust Law and Economics (2™ edn, Edwar Elgar 2010) 23, 26-27.

199 Odudu (n 185) 60.

200 Case 28/77 Tepea BV v Commission [1978] ECR 1391, paras 39-41.

201 For example, according to EU jurisprudence, if one party explicitly expresses the intention to engage in
collusion, the silent acceptance of an anticompetitive term or adherence to an instruction with
anticompetitive aims can be construed as evidence of an agreement. See Joined cases 32/78, 36/78 to 82/78
BMW Belgium SA and others v Commission [1979] ECR 2435, paras 28-30.

292 In order for an agreement to be deemed formed through tacit acceptance, it requires one company to
extend an invitation to another, whether explicitly or implicitly, to jointly pursue a common objective. See
Guidelines on the application of Article 101(3), para 15.

203 Whish and Bailey (n 63) 104.
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fall outside the scope of Article 101.2%* Originally, concerted practices lacked an autonomous
definition and were always defined in relation to agreements, either as something distinct from

them or, more precisely, as something less than agreements. 2%

However, the definition of concerted practices holds particular importance because it delineates
the boundary between independent or interdependent conduct (which is always lawful) and joint,
collusive conduct (which is unlawful).2%® In other words, actions that do not reach the threshold of
a concerted practice are not considered cooperative and fall outside the scope of Article 101.
Therefore, defining concerted practices is particularly valuable in terms of legal certainty, as firms

need to know when their practices may come under the purview of competition law.

Ghezzi and Maggiolino delineate two historical phases concerning the definition of concerted
practices, each focusing on a certain specific aspect of the practice in question.?’” In general, it can
be established that concerted practices comprise two key elements: concertation in the form of
strategic contacts or exchanges of strategic information among competitors, and subsequent

parallel conduct. Moreover, there must be a causal nexus between these two elements.?%

During the initial phase, dating back to the 1970, the definitional emphasis was placed on the
second element — the conduct — where a concerted practice was defined as «a form of coordination
between undertakings which, without having reached the stage where an agreement properly so
called has been concluded, knowingly substitutes practical cooperation between them for the risks
of competition» or as something which «[b]y its very nature [...] may inter alia arise out of

coordination which becomes apparent from the behaviour of the participants» (emphasis added).?*

204 prolypopylene, para 87. Furthermore, scholars contend that the incorporation of concerted practices into
the Treaty provision was influenced by the US experience, where the concept of concerted action was
already established and applied in case law. See Albors-Llorens (n 162) 843 and accompanying footnotes.
25 Odudu (n 185) 80. See also case 48/69 Imperial Chemical Industries Ltd. V Commission [1972]
ECLL:EU:C:1972:70 (“ICI”), para 65, establishing that «[b]y its very nature [...] a concerted practice does
not have all the elements of a contract»; and Suiker Unie, para 26, referring to concerted practices as «a
form of coordination between undertakings which [does not reach] the stage where an agreement properly
so-called has been concluded».

208 Albors-Llorens (n 162) 848.

207 Ghezzi and Maggiolino (n 167) 652-656.

208 Case C-199/92P Hiils AG v Commission [1999] ECR 1-4287 (“Hlls”), para 161.

209|ClI, para 64 and 65. See also Albors-Llorens (n 162) 844-845; and Ghezzi and Maggiolino (n 167) 654.
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Consequently, antitrust enforcers?!? directed their efforts towards identifying evidence of market
parallelism. However, since market parallelism alone does not suffice as evidence of concertation,
given that it can also arise from oligopolistic interdependence,?!* they also sought proof of strategic
contacts among the involved firms.?!2 Thus, parallel conduct served as the starting point to

ascertain the existence of concertation.?!3

In a subsequent phase, a significant shift in direction occurred, leading to the current understanding
of concerted practices. Remarkably, the focus of the definition transitioned from parallel conduct
to concertation.?** Most importantly, with the Prolypopylene appeals, the CJEU established that
once proof of strategic contacts or exchanges of strategic information is established, a rebuttable
presumption arises that the involved firms have used the exchanged information to adapt their
future behavior in the market (i.e., the internal use), without requiring further evidence of

subsequent parallel conduct.?*®

Consequently, while the notion of concerted practices still encompasses two elements (strategic
contacts and parallel conduct), the approach to establishing these elements changed in two
fundamental ways. First, antitrust enforcers begin by identifying an act of concertation to infer
market parallelism.?!® Second, market parallelism is no longer a prerequisite from an evidentiary

standpoint to demonstrate concertation. This leads to argue that, actually, the current notion of

210 We use the term “antitrust enforcers” to refer to all EU bodies entitled to interpret and apply Article 101
TFEU (in addition to the other antitrust rules) — namely, the EU Commission, the General Court and the
Court of Justice of the European Union.

211 |Cl, para 66. See also para 2.2.2 below.

212 Ghezzi and Maggiolino (n 167) 653-654.

213 1bid. This approach is analogous to the U.S. "parallelism plus" doctrine, as described by Filippelli,
wherein antitrust enforcers, upon identifying evidence of parallelism, seek additional factors to substantiate
a finding of concerted action. See Marilena Filippelli, Collective Dominance and Collusion: Parallelism in
EU and US Competition Law (Edwar Elgar 2013).

214 Suiker Unie, para 174 defining concerted practices as «any direct and indirect contact between [...]
operators, the object or effect whereof is either to influence the conduct on the market of an actual or
potential competitor or to disclose to such a competitor the course of conduct which they themselves have
decided to adopt or contemplate adopting in the market».

215 Anic Partecipazioni, para 121; Hils, para 162 and 167. Indeed, these cases have established the principle
that competitors, upon knowing their rivals’ strategic intentions, inevitably incorporate this information
into their own strategic planning.

216 Ghezzi and Maggiolino (n 167) 655-656.
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concerted practices is grounded on strategic contacts, with parallel conduct no longer forming part

of the definition.?’

Another significant issue consists in determining which «direct or indirect contacts between
competitors» fall under the prohibition of concerted practices.?!8 First of all, as previously argued,
these contacts encompass only strategic interactions aimed at exchanging strategic information,
i.e. information related to future prices and output.?!® EU jurisprudence has clarified that
interactions between competitors deemed relevant according to Article 101 TFEU are those
capable of reducing strategic uncertainty in the market.??® Consequently, it is contented that
concerted practices should not allow for any procompetitive justification.??! Unlike the concept of
agreements, which may encompass lawful arrangements like exchanging non-strategic
information, concerted practices inherently involve anticompetitive behavior, specifically the

exchange of information related to prices and output.???

Second, there are various ways in which strategic contacts can occur. For instance, firms may enter
into agreements to exchange strategic information. However, such cases would not constitute
concerted practices but rather agreements to exchange information, which would be assessed
separately.??® Additionally, strategic information exchanges could occur informally between
undertakings. According to the new Guidelines on horizontal cooperation agreements, this
encompasses direct exchanges of information — whether through unilateral disclosure or

bilateral/multilateral exchanges — as well as indirect exchanges of information, such as information

217 1bid. 663. However, the authors argue that following the Prolypopylene appeals, the second element of
the notion of concerted practices has become the presumption that competitors will internally use the
strategic information they acquire.

218 See on this issue Albors-Llorens (n 162) 858-871.

219 Ghezzi and Maggiolino (n 167) 657.

220 Suiker Unie, paras 174-175. See also Horizontal Guidelines, para 413.

22L At least, this is what some scholars argue (Ghezzi and Maggiolino (n 167) 667. Differently, the EU
Commission has contended that concerted practices may have procompetitive objects and anticompetitive
effects. See T-Mobile, para 38.

222 Ghezzi and Maggiolino (n 167) 657 and 667.

22 In particular, an agreement to exchange strategic information would be assessed as an agreement
restricting competition by object, meaning it does not allow for any procompetitive justification. See Ibid.
657-658.
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received by or through a third party.??* In all instances, the crucial factor for establishing whether
a direct or indirect contact gives rise to a concerted practice is that the information exchanged or
received is strategic, meaning it is capable of reducing the typical uncertainty associated with

market behavior.?®

Finally, building upon the preceding discussion, it is important to highlight that a concerted
practice can also occur through unilateral conduct.?®® For example, this happens when a firm
discloses its future prices or output plans to its competitors during a private meeting.??’ Indeed,
due to the presumption of internal use discussed earlier, recipients of such strategic information
are considered part of a concerted practice unless they publicly distance themselves from the
information or inform the relevant administrative authorities.??® From an active standpoint, this
means that disclosing strategic information to a competitor, either upon their request or with their
tacit acceptance, may qualify as a concerted practice.??° Similarly, from a passive perspective, the
same holds true when individuals inadvertently become recipients of strategic information. In other
words, public distancing, i.e., a manifest opposition to the reception of strategic data, is the only
way to avoid being implicated in a concerted practice.?® We will explore the procedural

implications of this approach in the following section.

224 Horizontal Guidelines, para 368.

22 Indeed, these are the only cases captured by the EU notion of concerted practices, with other information
exchanges evaluated based on their market effects. As clarified by the Commission «[ijnformation
exchange is a common feature of many competitive markets and may generate various types of efficiency
gains». Therefore, the market impact of such exchanges depends on factors such as the type of data shared,
the frequency of exchange, or the market context. See Horizontal Guidelines, para 373, 384-394, 405, and
412. See also Page (n 198) 32.

226 Horizontal Guidelines, paras 396-400.

227 Case C-510/06 Archer Daniels Midland v Commission [2009] ECR 1-1843, para 119. The same holds
true for unilateral public announcements concerning future prices and output. See Horizontal Guidelines,
para 400.

228 Horizontal Guidelines, para 397.
229 Horizontal Guidelines, para 396.

230 As Ghezzi and Maggiolino explain «the quintessential tools to exclude collusion are rivals’ clear
statements that (1) they do not wish to receive such strategic data, (2) that they do not want to participate
in the cartel, or (3) that they do not want to participate in professional association meetings that serve as a
veil for unlawful concerted actions». See Ghezzi and Maggiolino (n 167) 660.

70



3.3.2. The proof of agreements and concerted practices

Once we have clarified the current definitions of agreements and concerted practices and their
points of differentiation, the second practical issue arises: how to prove the existence of such
agreements and concerted practices??*! In other words, how can collusion be substantiated? To
address this question, we must begin with a fundamental assumption: given the prohibition of
anticompetitive arrangements, firms will endeavor to conceal evidence of their participation in
collusion by all means.?*? Therefore, while in an ideal world antitrust enforcers could rely on direct
evidence of collusion, in the real world where antitrust law operates, they more often encounter
circumstantial evidence, which serves as indicia of unlawful cooperation.?*® Without overlooking

this reality, in the following paragraphs, we will also discuss cases involving direct proof.

To simplify the discussion, the first aspect to be considered is how to establish the existence of an
agreement, defined as a “meeting of minds”. Ideally, antitrust enforcers have access to direct
evidence — whether written or oral — clearly demonstrating the proposal and acceptance of such an
agreement. Examples of this include emails, meeting minutes, or recorded phone conversations.
However, in most cases, an agreement must be inferred from conduct. For instance, as Odudu
suggests, when unilateral behavior strongly indicates the involvement of another undertaking and
is followed by corresponding compliant actions, a meeting of minds can be presumed.?®** Once the
existence of an agreement is established, the plaintiff is not required to demonstrate its effects on

the market, as these are legally presumed.?®

Two different scenarios can arise with concerted practices. The first occurs when antitrust
enforcers uncover evidence of direct or indirect contacts that reduce market uncertainty among
competitors. As outlined earlier, the procedural rule presumes internal use of strategic information

once such contacts are established. Consequently, there is no requirement to prove executory

231 Albors-Llorens (n 162) 850.
232 |bid. 851.

23 See George A. Hay, ‘Horizontal Agreements: Concept and Proof” (2006) 51 The Antitrust Bulletin 877,
877-878, defining direct evidence as ‘hard evidence’ of a horizontal anticompetitive agreement. See also
Albors-Llorens (n 162) 851.

234 Odudu (n 185) 63-68.
235 Case T-142/89 Usines Gustave Boél SA v Commission [1995] ECR 11-867, para 89.
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actions or demonstrate anticompetitive effects.?*® This significantly lowers the burden of proof on
the plaintiff.2%’

Once strategic contacts or exchanges of strategic information are proved, the evidentiary threshold
for establishing a concerted practice is effectively met.®® Whether these contacts lead to a formal
agreement is immaterial; demonstrating a concerted practice alone is sufficient to establish
collusion.?®® Therefore, strategic contacts or the exchange of strategic information can be

considered the minimum common denominator of collusive behavior.

But how can firms defend themselves against allegations of concerted practices? As mentioned
earlier, firms that unintentionally receive strategic information concerning future prices and output
must either genuinely and publicly distance themselves from the information received or inform
the competent antitrust authority.?° Failing to take these actions will render their subsequent

conduct as executory, irrespective of whether it aligns or contradict the received information.?*

Alternatively, since the presumption of internal use of strategic information is rebuttable, firms
can refute this presumption by demonstrating that they did not take the information into account.
For instance, they could show that there was no communication channel between the recipient of
the information and the individual who could have exploited it.2*? Or, they could argue that the
pricing model used is based on entirely different and independent elements and variables from the
exchanged information.?*® As argued by Ghezzi and Maggiolino, the practical consequence of

these rules is that the proof of concerted practices is nearly impervious to challenge.?*

2% Hils, paras 163-165.

237 Albors-Llorens (n 162) 847.

238 |bid.

239 |bid. 852.

240 Horizontal Guidelines, para 397.

241 Ghezzi and Maggiolino (n 167) 662.
242 |bid.

28 |bid.

24 |bid.
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On the contrary, the second scenario unfolds in the absence of evidence of strategic contacts, when
only proof of parallel conduct is available.?* For example, antitrust authorities may observe a
suspected simultaneous increase in prices within a market. In these cases, the involved firms are
likely to argue in their defense that parallel pricing is the outcome of adaptive behavior to market

246

conditions?*® or oligopolistic interdependence, rather than explicit collusion.?*” Does this pose a

deadlock for antitrust enforcers?

In the past, EU jurisprudence held that parallel conduct alone was insufficient to prove the
existence of a concerted practice.?*® More precisely, parallel conduct served as one piece of
evidence — although a challenging one — of a concerted practice, particularly if it resulted in
conditions of competition different from normal market conditions.?*° Thus, establishing unlawful
collusion typically required additional evidence, such as exchanges of strategic information, resale

price maintenance or best price clauses.?>

245 On the meaning of parallel conduct as evidence of unlawful collusion see Albors-Llorens (n 162) 850-
858; and Motta (n 108) 185-190.

246 This is what Hay defines as the “oligopoly defense”. See Hay (n 233) 888.

247 Albors-Llorens (n 162) 852. Otherwise, they could invoke other plausible business justifications. See,
for example, Joined cases 29/83 and 30/83 Compagnie Royale Asturienne des Mines v Commission [1984]
ECR 1984 paras 12-23; and Case 54-69 Francolor v Commission [1972] ECLI:EU:C:1972:75, para 45.
248 |CI, para 66. Indeed, parallel behavior, like price parallelism, can stem from at least two alternative
explanations. Firstly, it may arise as rational and independent reactions to specific market conditions. For
instance, common external factors such as a rise in input costs across all suppliers, or increased inflation,
might prompt sellers to uniformly raise their prices, without engaging in collusion. Secondly, such behavior
can be attributed to oligopolistic interdependence, where firms achieve a collusive outcome without formal
agreements or concerted practices but simply anticipating their rivals’ responses to their own pricing and
output decisions. See Turner (n 178) 659-661; and Motta (n 108) 186. See also Joined cases C-89/85, C-
104/85, C-114/85, C-116/85, C-117/85, C-125/85, C-126/85, C-127/85, C-128/85 and C-129/85 A.
Ahlstrom Osakeyhtid and others v Commission [1993] ECR 1-1307 (Woodpulp I1), paras 71 and 126.

249 |ClI, para 66. See also Albors-Llorens (n 162) 852-853.

250 See Motta (n 108) 188. This is the essence of the so-called US “plus factor” doctrine. However, Motta
critiques this doctrine by asserting that relying solely on proof of facilitating factors lacks persuasiveness
unless it can be demonstrated that firms have actively coordinated to introduce or perpetuate the facilitating
practice in question. Concerning the ICI case cited above, according to some authors, the CJEU reached
the conclusion that the scrutinized behavior constituted a concerted practice solely by superficially
examining the characteristics of the market, without taking into account the evidence of collusion already
provided by the Commission. See Albors-Llorens (n 162) 854 and Valentine Korah, ‘Concerted Practices’
(1973) 36 The Modern Law Review 220, 221.
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However, subsequent case law introduced a new perspective. The Woodpulp 11 case established
that under certain conditions, mere market parallelism could suffice as evidence of a concerted
practice. This occurs when concertation appears to be «the only plausible explanation for such

conduct».?®!

Reaching this conclusion is undoubtedly complex and requires input from economic experts to
assess whether market conditions facilitated oligopolistic interdependence or if the conduct could
only be explained by cooperation among undertakings.?®? In the former case, Article 101 would
not be applicable, indicating a case of oligopolistic interdependence — or tacit collusion — a topic

that will be explored in the subsequent section.
4. Tacit collusion: the “oligopoly problem” in competition law

Just as in the real-world things are not all either black or white, firms’ conduct is not all either
concerted (unlawful) or independent (lawful). As previously mentioned, indeed, there exists a
category known as “tacit collusion” or “oligopolistic interdependence” — for the markets in which
this situation can verify — where firms reach a collusive equilibrium without entering into an
arrangement, but merely through a mutual awareness of their shared interest in acting in a
particular manner. Interdependence lies between cooperation and independence: when firms
consider their rivals’ reaction in decision-making, they are neither acting independently nor fully

cooperating, as will be elaborated shortly.

However, the legal realm operates differently. It tends toward a simplified dichotomy between
lawful and unlawful, aligning with the fundamental principle of legal certainty. True, discerning
the lawfulness of certain conduct is complex and often involves reconstructing detailed facts and
interpreting legal norms and categories. For instance, in antitrust law, independent behavior is

permissible, while anti-competitive cooperation is prohibited.?®® However, precisely defining the

251 Woodpulp 11, para 71. For a comment of this judgement see Gerwin Van Gerven and Edurne Navarro
Varona, ‘The Wood Pulp Case and the Future of Concerted Practices’ (1994) 31 Common Market Law
Review 575.

252 Posner (n 113) 1578
253 Suiker Unie, para 173.
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boundaries between the two in particular instances remains a challenge. Despite this complexity,

there is no middle ground between unlawfulness and lawfulness in any case.

Therefore, establishing if a conduct that it is neither black nor white — or, put it differently, neither
concerted nor independent — is lawful or unlawful becomes even more complicated. This is exactly
the issue that arises with oligopolistic interdependence. The latter presents an ambiguous
connotation. On one hand, oligopolistic interdependence leads to collusive outcomes which are
socially inefficient and undesirable and thus it prompts calls for prohibition. On the other hand,
oligopolists do not engage in prohibited agreements or concerted practices, but act simply by
responding rationally to market dynamics.?>* Preventing tacit collusion would thus require firms
to act irrationally, raising questions about which alternative behavior should be mandated or which
pricing strategy they should adopt.?>® Furthermore, there are compelling arguments suggesting that

interdependence falls into either the category of cooperation or independence.

These considerations highlight on the so-called “oligopoly problem” in antitrust law — namely,
how to address inefficient outcomes arising from firms operating in oligopolistic markets.?*® This
issue gave rise to the famous debate between Turner and Posner regarding the legal treatment of

tacit collusion.

In particular, Turner argued that oligopolistic firms inevitably engage in tacit collusion due to the
interdependent nature of their market interactions. He maintained that such rational behavior
should be deemed lawful under antitrust law, as prohibiting it would effectively require firms to
act irrationally. Conversely, Posner rejected this view, asserting that oligopolists actively choose

to engage in tacit collusion. He contended that such behavior reflects a form of “meeting of the

24 Turner (n 178) 669.
25 1bid.
2% The first to use this term was Posner (n 113) 1563. See also Whish and Bailey (n 63) 572.
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minds,” even in the absence of formal communication.?®” This position has been echoed more

recently by Kaplow.?*®

Today, this debate has been largely resolved, with a consensus that the principle of independence
in antitrust law does not preclude firms from intelligently adapting to market conditions. As
discussed earlier, EU jurisprudence has clarified that oligopolistic interdependence does not
constitute cooperation and, therefore, does not fall under the prohibition of Article 101 TFEU. %°
Consequently, both independent behavior and interdependent conduct remain outside the scope of

this prohibition.

Nevertheless, some still refer to an “oligopoly problem”, highlighting that socially harmful
behavior in oligopolistic markets remains unaddressed by the prohibition of anticompetitive
arrangements. However, it is important to recognize the availability of alternative remedies within
competition law, beyond Article 101 TFEU, to tackle this issue. These potential solutions are

examined in the following sections.
4.1. Classical remedies to address tacit collusion

In the past, tacit collusion was primarily attributed to market concentration, leading to the belief
that structural remedies like deconcentration measures or divestitures were the most appropriate
approach to addressing the oligopoly problem.?®® However, as elaborated above, it is now
recognized that various factors, both endogenous and exogenous, influence a market’s propensity
for tacit collusion, with some factors facilitating collusion (termed “plus factors”) and others

inhibiting it (“minus factors”).2%! In particular, these factors facilitate/undermine tacit collusion by

257 posner (n 113). However, it should be noted that Posner has recently reconsidered his stance, asserting
the impracticality of devising a remedy for tacit collusion. See Richard A. Posner, ‘Review of Kaplow
“Competition Policy and Price Fixing”’ (2014) 79 Antitrust Law Journal 761.

28 |_ouis Kaplow, ‘On the Meaning of Horizontal Agreements in Competition Law’ (2011) 99 California
Law Review 683; and Louis Kaplow, Competition Policy and Price Fixing (Princeton University Press
2013).

259 Suiker Unie, paras 174 and 285. According to Petit, this was further elucidated in the Woodpulp 11 case,
where it was clarified that parallelism alone does not substantiate concerted action unless concerted action
emerges as the sole plausible explanation for such parallelism. See Petit (n 115) 29; and Woodpulp 11, para
71.

260 petit (n 115) 5. This view must be traced back to the Harvard School’s works of the 1960s.
261 Jvaldi (n 108) 11-50.
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impacting the economic conditions necessary for collusion, namely coordination, detection,
enforcement, and entry.2%? Coherently with this perspective, today it is also clear that a one-size-
fits-all approach to tacit collusion is inadequate, necessitating a comprehensive, case-by-case,

intervention strategy.?®®

In the following sections, we explore the range of remedies available to antitrust enforcers,
categorized into ex ante measures (such as merger control and facilitating practices) and ex post
measures (like addressing collective dominance). We focus on ex post measures initially, as they
were historically the first utilized by the EU Commission. It is important to note that this analysis
serves merely as an overview and does not aim to assess the suitability or prioritize these remedies,

leaving such considerations to existing literature.
4.1.1. Ex post remedies against tacit collusion: collective dominance under Article 102 TFEU

The term collective dominance refers to the market position «held by two or more economic
entities legally independent of each other, which from an economic point of view, present
themselves or act together on a particular market as a collective entity».?%* In the context of Article
102 TFEU, the theory of collective dominance asserts that the behavior of two or more jointly
dominant firms may constitute prohibited abuse, akin to the conduct of a single dominant firm.
Indeed, as Article 102 explicitly prohibits the abuse of dominant positions by “one or more
undertakings” (emphasis added), anticompetitive practices carried out by multiple independent

firms, yet united by “economic links”, may fall within its purview.2%

262 |pjd.
263 bid.

24 Joined Cases C-395/96 P and C-396/96 P Compagnie maritime belge transports SA and others v
Commission [2000] ECR 1-1365, para 36.

265 As a matter of fact, prior to the then Court of First Instance (CFI) — now General Court (GC) — ruling in
the Flat Glass case, there was uncertainty regarding the interpretation of the phrase “more undertakings”
in Article 102 TFEU. On one side, defendant firms advocated for a narrow interpretation, limiting it to
undertakings belonging to the same single economic entity, i.e. corporate groups. Conversely, the
Commission favored a broader interpretation, encompassing independent firms which are tied by structural
and economic links. The CFI’s decision ultimately supported the latter view, confirming that «[t]here is
nothing, in principle, to prevent two or more independent economic entities from being, on a specific
market, united by such economic links that, by virtue of that fact, together they hold a dominant position
vis-4-vis the other operators on the same market» (emphasis added). See Joined cases T-68/89, T-77/89 and
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In the 1960s, some scholars suggested employing this doctrine to challenge the tacit collusion
observed in oligopolistic markets.?®® Although Article 101, which governs multilateral conduct,
does not extend to cases of oligopolistic interdependence, such behavior can still fall under the
scope of Article 102 through the theory of collective dominance. Specifically, interdependence
may be regarded as a form of collective dominance — i.e., shared market power — and certain

anticompetitive practices by oligopolistic firms may qualify as abusive under this framework.2%’

Despite some interpretative conflicts, the EU case law has definitively clarified that tacit collusion

is encompassed within the notion of collective dominance.?®® However, the Commission and the

T-78/89 Societa Italiana Vetro SpA and others v Commission [1992] ECR 11-1403, para 358. See also
Whish and Bailey (n 63) 584-587; and Petit (n 115) 34.

266 petit (n 115) 33-34 and accompanying footnotes.

267 As with single firm dominance, a collective dominant position must be accompanied by abusive conduct
by one or more undertakings wielding such market power. Regarding tacit collusion as a form of collective
dominance, Monti explains that not all anticompetitive practices by oligopolists fall within the scope of
Acrticle 102 TFEU. According to Monti, only certain oligopolies can be scrutinized under Article 102,
specifically when: «(1) the oligopoly is sufficiently tight that the undertakings hold a collectively dominant
position; (2) it is clear that conduct by one or more oligopolists is designed to facilitate parallel behaviour;
(3) the undertakings are unable to establish either an objective justification or positive welfare effects for
the practice; and (4) it is possible for the Commission to make an order that would bring such infringement
to a halt — e.g. forcing the parties to abandon the offending contractual clause». A clear example of such
conduct is price leadership, where a price leader fosters anticompetitive behavior among other oligopolists
through price signaling. See Giorgio Monti, ‘The Scope of Collective Dominance under Articles 82 EC’
(2001) 38 Common Market Law Review 131, 151.

268 As previously highlighted, in the Flat Glass case, the CFI clarified that collective dominance denotes a
scenario wherein independent firms, united by “economic links”, present themselves or operate in the
market as a single entity (emphasis added). In later years, another interpretative question arose regarding
whether these economic links encompassed solely those caught by Article 101 TFEU —i.e., agreements and
concerted practices — or extended to structural relations, such as those found in oligopolistic markets. This
query found resolution through two significant judgements that, however, were given in the context of
merger control. In the first, Gencor v Commission, the CFI affirmed that «there is no reason whatsoever in
legal or economic terms to exclude from the notion of economic links the relationship of interdependence
existing between the parties to a tight oligopoly within which, in a market with the appropriate
characteristics, in particular in terms of market concentration, transparency and product homogeneity, those
parties are in a position to anticipate one another’s behaviour and are therefore strongly encouraged to align
their conduct on the market, in particular in such a way as to maximize their joint profits by restricting
production with a view to increasing prices». Therefore, the CFI confirmed that oligopolistic
interdependence is covered by the notion of economic links. In the second, the Airtours case, the Court
explicitly referred to “tacit coordination” and, most importantly, elaborated on the prerequisites for
establishing oligopolistic collective dominance, including the ability to detect, punish, and prevent current
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EU Courts have sporadically applied this doctrine in the context of the antitrust law provision
which targets unilateral anticompetitive behavior.?®® Instead, the theory has found application in
the realm of merger control, where it was utilized to either prohibit or conditionally authorize
concentrations that establish or reinforce a dominant position, also in the form of a tacit collusive
equilibrium.2® Meanwhile, the Commission has tended to rely on merger control as the primary
tool to target tacit collusion, but using a distinct and autonomous theory: the theory of coordinated

effects.?’!

It is worth noting, however, that the draft Guidelines on the application of Article 102 TFEU now

extend to cover collective dominance, moving beyond the sole focus on single-firm dominance

and potential competitors from disrupting tacit collusion — a reflection of the economic conditions
conducive to (tacit) collusion (detection, enforcement, and entry). To these criteria, the Impala case added
the fourth one, the achievement of a common understanding between firms (coordination). See Case T-
102/96 Gencor Ltd v Commission [1999] ECR 11-753, para 276; case T-342/99 Airtours plc v Commission
[2002] ECR 11-2585, para 62; and case C-413/06 P Bertelsmann AG and Sony Corporation of America v
Independent Music Publishers and Labels Association (Impala) [2008] ECR 1-495 para 123.

In subsequent judgments, however, EU courts clarified the unified nature of the theory of collective
dominance as it applies both to merger control and Article 102 TFEU. Notably, in Laurent Piau v.
Commission and later in Impala, the GC and the CJEU explicitly referred to the Airtours criteria, as well
as to the concepts of oligopoly and tacit coordination. See case T-193/02 Laurent Piau v Commission [2005]
ECR 11-209 para 111; and Impala para 123. See also Petit (n 115) 40-41; and Monti (n 267) 133-134.

It must be noted that, currently, the applicability of the theory of collective dominance in the context of
Article 102 is affirmed also in the Commission’s Draft Guidelines on the application of Article 102 TFUE.
This document also outlines the criteria for establishing collective dominance based on tacit coordination.
See Communication from the Commission — Draft Guidelines on the application of Article 102 of the
Treaty on the Functioning of the European Union to abusive exclusionary conduct by dominant
undertakings (“Draft Guidelines on the application of Article 102 TFUE”) paras 36-37 available at
<https://competition-policy.ec.europa.eu/public-consultations/2024-article-102-guidelines_en> (last
accessed November 2024).

269 petit (n 115) 38, noting that the theory of collective dominance under Article 102 TFEU has been applied
«sporadically, in market settings remote from oligopolistic tacit collusion». See also Marilena Filippelli, ‘Il
problema dell’oligopolio nel diritto antitrust europeo: evoluzione, prospettive e implicazioni sistematiche’
(2018) Rivista delle Societa 567, 581-582 who argues that the prohibition of abuse of collective dominance
has been applied by EU courts only rarely, and typically in conjunction with Article 101 TFEU —that is, in
cases involving explicit collusion where evidence of a concerted practice is established.

210 Petit (n 115) 38.

211 Petit (n 115) 45. Actually, collective dominance is in Article 102 TFEU, as coordinated effects are in
the European Merger Control Regulation (EMCR). See Whish and Bailey (n 63) 584.

79



seen in the previous Guidance Paper.?’2 Indeed, the earlier document explicitly excluded collective
dominance from the Commission’s enforcement priorities.?”® This development could signal a
significant shift in the Commission’s approach, reflecting a newfound willingness to broaden

enforcement beyond cases of single-firm dominance in the years to come.
4.1.2. Ex ante remedies against tacit collusion: merger control and facilitating practices
(i) Merger control

We have already discussed the difference between factors which aid tacit collusion (“plus factors™)
and those that hinder it (“minus factors”). Now, considering that concentrations between
undertakings may have an impact on such market conditions which facilitate/undermine collusion,
merger control policy stands as a viable tool for antitrust enforcers to conduct a prospective
evaluation of whether a market, post-concentration, will be susceptible, or more susceptible, to

tacit collusion.?’

In this regard, in the past, the Commission resorted to the so-called “checklist approach” to
evaluate mergers. This method involved comparing the positive and negative impacts of a merger
on the risk of tacit collusion.?”® Essentially, the Commission would assess whether the factors

favoring collusion outweighed those inhibiting it, or vice versa. In cases where the plus factors

272 Draft Guidelines on the application of Article 102 TFEU paras 34-42.

213 Communication from the Commission — Guidance on the Commission’s enforcement priorities in
applying Article 82 of the EC Treaty to abusive exclusionary conduct by dominant undertakings [2009] OJ
C45/7 para 4.

214 Ivaldi et al. (n108) 63-70. The authors consider how mergers can influence the relevant factors
contributing to collusion. To give some examples, the number of players in a market significantly impacts
its susceptibility to collusion. In particular, while tacit collusion is nearly unattainable in highly competitive
markets, oligopolistic structures are more conducive to tacit collusion. Hence, a merger that reduces the
number of competitors, such as by eliminating a major player, can lead to market concentration, increasing
the likelihood of tacit collusion. Another relevant factor is market transparency. Indeed, as argued above,
when firms can easily monitor each other’s pricing and production, tacit collusion becomes more viable as
deviations are promptly detected and punished. Now, mergers may affect market transparency, as seen in
vertical mergers along the supply chain, which grant manufacturers access to rivals’ distribution-level
information. Against this background, Ivaldi at al. distinguish between: (i) factors with a significant impact
on tacit collusion that may or may not be influenced by a merger; (ii) factors relevant to tacit collusion that
are likely to be affected by a merger; (iii) factors with a lesser influence on tacit collusion that may or may
not be affected by a merger.

215 Petit (n 115) 45.
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prevailed, the concentration was deemed to create a situation of collective dominance, which
encompassed oligopolistic interdependence as discussed earlier.?’® Frequently, however, this
required weighing conflicting outcomes. For instance, as Ivaldi et al. (2003) note, a merger might
decrease the number of competitors, potentially facilitating tacit collusion, while at the same time
leading to greater asymmetry among rivals, making collusion more challenging to sustain.?’” As a
result, critics argued that this approach lacked specificity and failed to adequately address the

concrete risk of verifying post-merger tacit collusion scenarios.?’®

Starting from the Airtours case and then with the adoption of the new European Merger Control
Regulation (EMCR),?”® the approach followed by the Commission to assess concentrations
affecting the internal market has changed. Currently, indeed, a quantitative method based on solid
economic analysis is used.?®® This method aims to gauge the likelihood of tacit collusion post-
concentration (referred to as the “coordinated effects” theory of harm rather than collective

dominance).?®! Furthermore, while the Commission still accounts for plus and minus factors, it

276 This approach aligned with the previous formulation of the current European Merger Control Regulation,
which granted the Commission the authority to declare concentrations incompatible with the common
market if they «create[d] or strengthen[ed] a dominant position», including a collective dominant position.
See Article 2(3) of the Council Regulation (EEC) No 4064/89 on the control of concentrations between
undertakings [1989] OJ L 257/90.

217 |valdi et al. (n 108) 63-64.
278 petit (n 115) 45.

219 Council Regulation (EC) No 139/2004 on the control of concentrations between undertakings (the EC
Merger Regulation) [2004] OJ L 24/1.

280 petit (n 115) 45-46.

281 This framework for analysis is influenced by the current wording of Article 2(3) of the EUMCR, which
introduced the Significant Impediment to Effective Competition (“SIEC”) test. This replaced the dominance
test used in the previous regulation. Under the earlier test, the Commission examined whether a
concentration was likely to «create or strengthen a dominant position as a result of which effective
competition would be significantly impeded in the common market or in a substantial part of it». By
contrast, the SIEC test reverses this logic: the focus is now on whether a concentration significantly impedes
effective competition, with the creation or strengthening of a dominant position cited as an example of such
an impediment. This shift in emphasis provides the Commission with a broader analytical framework.
While the dominance test restricted intervention primarily to situations where market power was
concentrated in a single or joint dominant position, the SIEC test allows for the assessment of a wider range
of anticompetitive outcomes, including non-dominance-based coordinated effects.

Furthermore, the Guidelines on Horizontal Mergers expressly refers to “coordinated effects”, by affirming
that «[t]here are two main ways in which horizontal mergers may significantly impede effective
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evaluates their concrete impact on the conditions that make collusion possible (coordination,
detection, enforcement, and entry in the market).?%? Consequently, this system is more tailored to
individual cases as the Commission must formulate a plausible theory of harm, rather than solely

weighing the plus and minus factors.?

Historically, merger control has been the Commission’s preferred approach to addressing
oligopoly concerns. According to Petit, this preference can be attributed to two key factors. Firstly,
merger policy operates as a preventive measure rather than a corrective one. With every
concentration of community dimension mandating prior notification to the EU Commission, the
same can evaluate the risk of a transaction exacerbating the potential for tacit collusion before it
materializes.?®* Secondly, if tacit collusion is viewed as a structural issue — stemming from
excessive market concentration — then merger control serves as an appropriate tool to tackle it.
This is because it offers a structural solution, allowing for the imposition of structural remedies
more readily than under Articles 101 and 102 TFEU.?%

(i) Facilitating practices

Facilitating practices, as the name implies, are actions that artificially ease the path to collusion.?®
Much like mergers, they affect the recurring conditions necessary for collusion to thrive.?’
Consequently, when facilitating practices contribute to creating the conditions to reach or maintain

a collusive equilibrium without an agreement or a concerted practice, addressing them through

competition» and one of them is «by changing the nature of competition in such a way that firms that
previously were not coordinating their behaviour, are now significantly more likely to coordinate and raise
prices or otherwise harm effective competition. A merger may also make coordination easier, more stable
or more effective for firms which were coordinating prior to the merger (coordinated effects)». See
Guidelines on the assessment of horizontal mergers under the Council Regulation on the control of
concentrations between undertakings [2004] OJ C 31/5 (“Guidelines on Horizontal Mergers™), paras 22(b),
and 39-57 titled “Coordinated effects”.

282 The first recognition of this approach occurred in the Airtours case. Then, the ECMR formalized it. See
Guidelines on Horizontal Mergers paras 43-57.

283 Petit (n 115) 46-47.

284 |bid. 44 and accompanying footnotes.

285 |bid.

286 |bid. 30-31. See also Woodpulp I, para 126.

287 |bid. 33.
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antitrust law becomes a viable strategy against tacit collusion.?®® Furthermore, as Page suggests,
achieving tacit collusion without some form of assistance is often challenging in practice.?® Thus,
it is not uncommon for price parallelism to be accompanied by complementary behaviors that may
be relevant under Article 101 TFEU.

To be more precise, we categorize facilitating practices into two types: ex ante and ex post. The
former fosters the establishment of tacit collusion, creating the conditions for parallel conduct
without an arrangement. The latter aids in policing tacit collusion and thus maintaining a tacit

collusive equilibrium once it has been established.?®

One of the most prevalent examples of facilitating practices that could potentially be subject to
Article 101 TFEU are information exchanges.?®* As we have discussed, exchanges of strategic
information are relevant under EU competition law, serving as the first component of concerted
practices, when antitrust enforcers seek to prosecute unlawful collusion.?®?> But information
exchanges can be also relevant tout court, and this is exactly where facilitating practices come into
play. However, unlike concerted practices, which specifically entail exchanges of information on
prices and output, facilitating practices may involve the exchange of non-strategic information as
well. Notably, the following scenarios may be considered within this framework, provided that the
relevant rules to be applied are always the same outlined in the Horizontal Guidelines.

First, there may be agreements to exchange information. Such agreements can act as ex ante
facilitating practices, when they serve to streamline coordination; or they may be ex post
facilitating practices, by increasing market transparency and thus enabling the detection of
deviations from the collusive equilibrium. When evaluating information exchange agreements
under Article 101 TFEU, the type of information exchanged is crucial. Clearly, agreements
involving strategic information, such as data on rivals’ future prices and output, are considered by

object restrictions under Article 101, with no room for procompetitive justifications. Conversely,

28 bid. As the author argues, when facilitating practices are prosecuted in this spirit, tacit collusion
becomes a theory of harm in the enforcement of Article 101 TFEU.

289 page (n 198) 25.

2% Guidelines on Horizontal Mergers, para 39.
291 \Whish and Bailey (n 63) 599-600.

292 See Section 3.3.2 above.
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agreements pertaining to rivals’ past pricing and output data are typically assessed based on their
market effects. In this regard, EU decision-making practice considers market structure when

evaluating information exchanges under Article 101 TFEU.

Second, as noted by Page, facilitating practices may also occur without an agreement. This could
include independent parallel price announcements. However, akin to mere parallel pricing, parallel
conduct alone is insufficient to apply Article 101, necessitating proof of strategic contacts at

least.2%

Ultimately, since facilitating practices contribute to the facilitation or maintenance of tacit
collusion, addressing them serves to impede the achievement or sustainability of collusion.

5. Conclusions

This chapter has explored the economic and legal dimensions of collusion, emphasizing their
distinct approaches and the implications for competition law enforcement. While economic theory
broadly defines collusion based on its supra-competitive outcomes, legal theory focuses on
identifying unlawful forms of collusion, rooted in cooperation between undertakings. The interplay
between these perspectives highlights the challenges of delineating lawful independent behavior

from anticompetitive concertation.

This theoretical and conceptual foundation provides the necessary basis for addressing more
complex forms of collusion, such as those involving algorithmic coordination, which will be

explored in the subsequent chapter.

293 page (n 198).
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CHAPTER 3
ALGORITHMIC COLLUSION IN EU COMPETITION LAW

Summary: 1. Introduction — 2. Pricing algorithms indirectly affecting collusion — 2.1. The
influence of pricing algorithms on the economic conditions for collusion — 2.2. The influence of
pricing algorithms on other factors relevant to collusion — 3. Pricing algorithms directly affecting
collusion — 3.1. Pricing algorithms as tools for human collusive behaviors: algorithmically-
facilitated or enabled collusion — 3.1.1. Algorithmically-facilitated or enabled explicit collusion —
3.1.2. Algorithmically-facilitated or enabled collusion via a third party — 3.1.3. Existing case law
— 3.2. Pricing algorithms as collusive agents: algorithmically-implemented collusion — 3.2.1.

Algorithmic explicit collusion — 3.2.2. Algorithmic tacit collusion — 4. Conclusions

1. Introduction

In this chapter, we aim to explore the topic of algorithmic collusion, which refers to collusion that
is, or may be, facilitated, enabled, or directly implemented by algorithmic pricing software.
Algorithmic collusion (in the broad sense) can be categorized into two distinct types of behavior.
The first type is “algorithmically-facilitated or enabled collusion”, where pricing algorithms act as
tools to assist and sustain human-driven explicit collusion — i.e. the conclusion of unlawful cartels.
These scenarios are already a reality in the market. The second type is “algorithmically-
implemented collusion” (or algorithmic collusion in the narrow sense), where pricing algorithms
operate as autonomous collusive agents, either through the formation of “digital cartels” and
“digital concerted practices” (referred to as “algorithmic explicit collusion”) or through achieving
supra-competitive outcomes via mere interdependence (“algorithmic tacit collusion”). To date,
these latter scenarios remain largely theoretical. However, various experimental studies involving
Avrtificial Intelligence (Al) systems utilizing machine learning have demonstrated that pricing
algorithms can independently learn to coordinate prices at supra-competitive levels, even without

reciprocal interactions.?

2% Calvano et al. (n 69) 3267. See also Stephanie Assad et al., ‘Algorithmic Pricing and Competition:
Empirical Evidence from the German Retail Gasoline Market’ (2024) 132 Journal of Political Economy
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Both forms of algorithmic collusion have similar detrimental effects on competition, harming
consumer welfare through elevated prices and reduced output. As such, they are generally
considered socially undesirable. Nonetheless, the applicability of existing antitrust laws against
unlawful collusion (hamely, Article 101 TFEU in the EU, and Section 1 of the Sherman Act in the
US) to algorithmic collusion (in the broad sense) is a matter of ongoing debate among academics

and policymakers. To put it more accurately, two scenarios must be distinguished in this respect.

On the one hand, when pricing algorithms are simply tools directed by humans to facilitate antitrust
violations (algorithmically-facilitated or enabled collusion), there is broad consensus that Article
101 TFEU (and Section 1 of the Sherman Act) should remain applicable. In such instances, the
key issue is rather whether the use of algorithmic pricing exacerbates traditional collusive
behaviors by making them easier to implement, more pervasive, and harder to detect, thereby
increasing the challenges faced by antitrust enforcers and raising questions about the adequacy of

their enforcement tools.

On the other hand, the situation becomes more complex when pricing algorithms autonomously
engage in collusive behaviors, potentially without human input and even without direct interaction
between the algorithms themselves (algorithmically-implemented collusion). In such cases, it is
less clear whether Article 101 TFEU (and Section 1 of the Sherman Act) can still be applied. This
uncertainty stems from two interrelated issues: (i) whether instances of algorithmically-
implemented collusion can be considered violations of Article 101 TFEU (or Section 1 of the
Sherman Act), specifically in the form of anticompetitive agreements or concerted practices; and,
if so, (ii) whether these provisions can be effectively enforced, which hinges on whether firms can

be held liable for conduct that they did not directly cause.?®®

This chapter seeks to address both questions. In particular, we examine whether algorithmic
collusion (in the broad sense) constitutes an infringement of Article 101 TFEU, and to a lesser
extent, comparable provisions of US antitrust law. We also consider if and how antitrust liability

can be attributed to firms in cases of algorithmically-implemented collusion.

723; and Bruno Salcedo, ‘Pricing Algorithms and Tacit Collusion’ (2015) unpublished, available at
<https://brunosalcedo.com/docs/collusion.pdf> (last accessed November 2024).

2% Gal (n 13) 99.
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To answer this question, the chapter is structured as follows: Section 2.2 explains how pricing
algorithms indirectly support collusion by influencing the economic conditions that make collusion
possible. Section 2.3 examines various scenarios in which pricing algorithms participate in
collusive schemes, ranging from simpler to more complex cases. The chapter first discusses
situations where pricing algorithms are deployed as tools to facilitate and sustain human-driven
unlawful collusion (algorithmically-facilitated or enabled collusion), analyzing relevant cases
from case-law (Section 2.3.1). It then explores the role of pricing algorithms as direct agents of
collusion (algorithmically-implemented collusion) (Section 2.3.2). For each case discussed, the
chapter critically assesses the applicability of Article 101 TFEU (and, to a lesser extent, Section 1
of the Sherman Act) and evaluates whether firms can be held liable for the actions of algorithms.

Section 2.4. draws some conclusions.

In particular, the analysis suggests that autonomous pricing algorithms largely replicate traditional
human collusive behaviors — both explicit or tacit. Accordingly, the same principles applied to
human collusion should also govern algorithmic collusion. As a result, while the enforcement of
Article 101 TFEU (and Section 1 of the Sherman Act) should not be impeded when algorithms
emulate unlawful conduct, i.e. agreements or concerted practices, interdependent behavior should,
in principle, remain permissible under existing antitrust law, even when executed by algorithmic

software.
2. Pricing algorithms indirectly affecting collusion

When approaching the topic of algorithmic collusion, the first question that arises is: what role do
pricing algorithms play in collusion? As briefly discussed here and in the first chapter, pricing
algorithms can be involved in collusive behaviors in different ways. The key distinction lies
between scenarios where firms use algorithms as tools to facilitate their collusive strategies
(algorithmically-facilitated or enabled collusion), and situations where algorithms themselves
become the primary agents of collusion, operating independently of human intervention
(algorithmically-implemented collusion). In both cases, we argue that pricing algorithms have a

direct impact on collusion. However, before delving into this, it is crucial to understand why and
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how pricing algorithms can facilitate, enable, or even implement collusion. In other words, we

must explore how pricing algorithms make collusive outcomes achievable.?%

To address this question, it is essential to revisit the economic theory of collusion, particularly the
conditions that make collusion possible. As we will demonstrate, pricing software influence these
conditions, which leads to the conclusion that, in such instances, pricing algorithms indirectly

affect collusion.

In the second chapter, we established that four conditions — with the second and third commonly
known as Stigler’s conditions for collusion — are crucial for enabling and sustaining collusion: (i)
reaching an agreement among firms on one or more competitive variables, namely price, output,
quality, or innovation (coordination); (ii) the ability to swiftly detect deviations from the collusive
equilibrium, including accurately distinguishing between cheating and legitimate price changes
due to other factors (detection); (iii) the credible threat of retaliation in response to any deviation
from the collusive equilibrium (enforcement); and (iv) the existence of significant barriers to entry

(entry).
We also discussed how these conditions are in turn influenced by several factors, including

endogenous (e.g., concentration, entry barriers) and exogenous market features (e.g.,

transparency).?®’

Now, pricing algorithms indirectly influence collusion in a twofold way: first, they can impact
each of the economic conditions for collusion in distinct ways; second, they can also affect the

factors that facilitates these conditions.
2.1. The influence of pricing algorithms on the economic conditions for collusion

Regarding the first condition for collusion (coordination), pricing algorithms facilitate the

achievement of agreements between firms more efficiently and rapidly.?®® The advanced

2% This issue is addressed by Gal (n 13) 81-90. See also OECD (n 7) 20-24 available at
<https://www.oecd.org/competition/algorithms-collusion-competition-policy-in-the-digital-age.htm> (last
accessed November 2024).

27 See Gal (n 13) 74-75, who refers to these elements as “coordination-facilitating factors”.

29 please note that the term agreement is being used in its economic sense, which includes both explicit
and tacit collusion, rather than its legal meaning.

88



functionalities of software — including their ability to collect, store, and analyze vast amounts of
data, especially data on competitors’ pricing (when available), market conditions, and consumer
preferences — significantly streamline the identification of a mutually beneficial collusive price.?*®
This enables firms to collectively maximize their profits, even in cases where they are
asymmetrical or their products are heterogeneous, thereby overcoming the coordination challenges

typically associated with collusive arrangements. 3%

Furthermore, pricing algorithms can achieve collusive outcomes with significantly fewer iterations
compared to traditional offline methods and making communication between firms
unnecessary.3°? Unlike human colluders, who often require lengthy and secret negotiations to agree
on the terms of collusion, algorithms can swiftly establish a collusive equilibrium — even in a one-
shot game3%? — without any exchange of information between firms.3®® As Gal explains:
«algorithms change the mode and dynamics of communication needed to reach an agreement».>%
This shift occurs because algorithms may function as “recipes for future actions”, with their code
outlining the decision-making parameters for setting prices and responding to competitors’

actions.®® When these codes are transparent, algorithms can “read” and interpret each other’s

29 Gal (n 13) 82-84. However, it is important to note that pricing algorithms may not always have access
to certain data on competitors, such as actual production costs and capacities, which are relevant for
determining the profit-maximizing collusive price. In such instances, the algorithms may still find it
advantageous to coordinate — particularly if the price derived from the available data is higher than the price
that would be set without coordination. Conversely, the algorithm may also recognize that coordination is
not a rational strategy under those circumstances.

30 |bid. 82.

%01 1bid. See also Stefan Thomas, ‘Harmful Signals: Cartel Prohibition and Oligopoly Theory in the Age of
Machine Learning’ (2019) 15 Journal of Competition Law & Economics 159, 167; and Case C-74/14
“Eturas” UAB and Others v Lietuvos Respublikos konkurencijos taryba [2016] ECLI:EU:C:2016:42 para
20 (hereinafter “Eturas”), recognizing that a shared algorithmic software for booking «eliminated the need
for meetings» and that «the conditions of use of that system enabled those applicants to reach a ‘concurrence
of wills’ on a discounts cap without the need for direct contacts». For a more extensive analysis of the
judgement see paragraph 3.1.4.

302 Gal (n 13) 85.

303 |bid. 87.

394 Ibid. 84.

395 Ibid. 93-94.
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parameters, enabling firms to anticipate one another’s future moves without direct interaction.3%

In essence, the transparency of an algorithm to other market players may be all that is required to

achieve coordination.3%’

Finally, with regard to coordination, pricing algorithms — particularly dynamic pricing algorithms
— can facilitate the establishment of a mutual understanding between firms by sustaining more
complex collusive equilibria. In markets characterized by frequent changes, these algorithms can
continuously adapt to market fluctuations, enabling seamless renegotiation of collusive terms even

in volatile conditions.3®

Pricing algorithms also play a crucial role in supporting Stigler’s second (detection) and third
(enforcement) conditions for collusion by mitigating the inherent instability of collusive
arrangements. Indeed, even after a collusive equilibrium is reached, firms face a strong incentive
to secretly undercut the cartel.3® However, advanced monitoring and deviation-punishment
algorithms enable rapid detection of any cheating behavior, triggering an immediate coordinated
response by non-cheating firms that makes deviation unprofitable.3!° The mere awareness that
pricing algorithms are actively monitoring the market and ready to detect and penalize
undercutting reinforces a powerful incentive for firms to adhere to the collusive scheme.3!! In other
words, pricing algorithms effectively lower firms’ discount factor, strengthening their incentive to

collude rather than deviate.3!2

Furthermore, another key advantage of pricing algorithms in enhancing cartel stability is their
superior ability to distinguish between deliberate attempts to increase individual profits (i.e.,

cheating) and firms’ natural reactions to market fluctuations or accidental mistakes. This capability

3% This aligns with von Neumann’s conceptualization of computer programs, which he described as both a
set of instructions and file that can be read by itself and other programs. See Jhon von Neumann, ‘First
Draft of a Report on the EDVAC’ (1993) 15 IEEE Annals of the History of Computing 27, 33-34. The
same expression, that algorithms” “minds” can be read, is used by Harrington (n 13) 360.

%07 1bid. 84-87. See also OECD (n 7) 31 underscoring the role of “signaling algorithms™ in setting the terms
of collusion.

308 Gal (n 13) 82-84; and OECD (n 7) 27.

399 Calzolari (n 81) 222 discussing the incentive for firms to deviate from the cartel.
310 Gal (n 13) 88-89.

311 OECD (n 7) 27.

312 Ezrachi and Stucke (n 22) 62.
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helps prevent unnecessary price wars that could otherwise undermine the stability of collusive

arrangements. 3t

Finally, the literature presents an ambiguous picture of the impact of pricing algorithms on the last
condition for collusion, i.e. barriers to entry. It is well-established that high barriers to entry
facilitate collusion, whereas potential entrants pose a threat to collusive arrangements. Now, on
the one hand, pricing algorithms could, in some cases, increase barriers to entry, thereby making
collusion among actual competitors easier. This may be the case when firms’ algorithms rely on
unique, non-replicable data sets to determine prices, conferring a significant competitive advantage
to actual competitors and making it difficult for new entrants to compete profitably without access

to similar data.3** However, this assumption is contested by several counterarguments.

First, as will be discussed, firms within a market are more likely to converge on using the same
pricing algorithm rather than deploying multiple different ones. This is often achieved either by
outsourcing pricing decisions to a third-party provider managing a shared algorithm or by adopting
the most advanced and widely-used algorithm available. Second, as will be explored further, the
use of pricing algorithms typically enhances market transparency, which benefits all participants.
Firms frequently share an interest in making their data accessible to competitors to foster such

transparency.®®® As a result, the likelihood of a firm’s algorithm relying on a truly unique and non-

313 Gal (n 13) 88. See also OECD (n 7) 27, highlighting that «it is very unlikely that price wars between
algorithms will be actually observed, except if triggered by algorithmic errors. Recently, one of these
algorithms malfunctioned. The matching led to a price war, fueled by algorithms and proceeding at
breakneck speed. Before it was detected, some vendors had lost thousands of dollars. Fortunately, the
vendors noticed a huge spike in traffic as consumers attempted to buy large screen TVs worth thousands —
for mere pennies».

314 Gal (n 13) 81-82. See also Daniel R. Rubinfeld and Michal S. Gal, ‘Access Barriers to Big Data’ (2016)
59 Arizona Law Review 339, 354 and 373.

315 Indeed, as previously explained, the reciprocal transparency of algorithms, combined with their ability
to “read” each other’s code, enables firms to predict their rivals’ actions and achieve a collusive equilibrium
without the need for explicit collusion. In her paper, Gal compellingly explains what motivates firms to
make their algorithms transparent: «[e]xclusive access to algorithms and data can create a comparative
advantage, and thus may be regarded as important trade secrets not to be shared with others. Yet at least
some factors favor an inclination toward transparency. First, an important difference exists between firms
whose comparative advantage lies in the creation of a pricing algorithm, and those in which it lies
elsewhere. The latter have weaker incentives to protect the secrecy of their pricing algorithms and the data
they rely on. Second, encoding can be used to create selective transparency. Third, transparency need only
relate to the pricing part of the algorithm and not to all its functions. Finally, motivations for transparency
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replicable dataset seems low. Furthermore, it is worth noting that data are generally considered
non-excludable and non-rivalrous, meaning they can be replicated and used by others.3'® This
reinforces the argument that algorithms —and the data underpinning them — do not inherently create
barriers to entry.

On the other hand, some studies suggest that the extensive availability of data generated by
algorithms could lower entry costs for potential newcomers. This argument is tied to the increased
market transparency fostered by algorithmic pricing, suggesting that pricing algorithms might

reduce barriers to entry rather than heighten them.3*’

In any case, it may be more accurate to reverse the relationship between algorithms and barriers to
entry: rather than pricing algorithms directly influencing entry barriers, existing entry barriers may
shape the potential for algorithmic collusion. In markets with high barriers to entry, pricing
algorithms can facilitate and stabilize collusion. However, this remains a contentious issue in the
literature. For example, Gal argues that, even with algorithms, collusion and the maintenance of a
supra-competitive equilibrium are unsustainable without significant barriers to entry.3!8
Conversely, the OECD highlights that in markets with low entry barriers, pricing algorithms can

still enable the swift detection of new entrants using techniques such as now-casting.3!°

will be determined by the balance between the increased profitability from coordination relative to the
profitability of operating without it». See Gal (n 13) 88; and OECD (n 7) 22.

318 Darren S. Tucker and Hill B. Wellford, ‘Big Mistakes Regarding Big Data’ (2014) The Antitrust Source
available at <https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2549044> (last accessed November
2024).

317 OECD (n 7) 21.
318 Gal (n 13) 81.

319 OECD (n 7) 21. As explained by the OECD with reference to now-casting, «[t]his concept consists of
taking an event occurring now and using it to forecast things as they happen, such as an outbreak of a ‘flu’
epidemic being notified owing to a sharp uptake in online searches for ‘flu’ remedies. However, this can
also be used to spot a potential competitor, for instance by noticing the number of downloads of an
application from an app-store, and cross-reference it with online usage or search preferences. Potentially,
the ability to “now-cast” can give an incumbent leverage over new entrants». See OECD, Big Data:
Bringing Competition Policy to The Digital Age — Background Note by the Secretariat, 29-30 November
2016 DAF/COMP(2016)14 6, para 8 available at
<https://one.oecd.org/document/DAF/COMP(2016)14/en/pdf> (last accessed November 2024).
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In conclusion, pricing algorithms significantly enhance the economic conditions for collusion by:
(i) facilitating the formation of agreements on key collusive terms (coordination) and (ii) enabling
rapid detection and retaliation against deviations from the collusive equilibrium (detection and
enforcement). Due to their unbiased nature and inherent credibility, algorithms reduce the need for
preliminary agreements among firms, making collusion more effective.®?° Furthermore, they
diminish the necessity for direct information exchanges, rendering collusive practices more subtle
and harder to detect.3*

The relationship between algorithms and barriers to entry, however, is more complex. Algorithms
can either raise or lower barriers to entry depending on the specific context. As Gal suggests, in
markets with high barriers to entry, pricing algorithms are likely to increase both the feasibility
and sustainability of collusion. Conversely, in markets with low barriers or other conditions
unfavorable to collusion — such as product heterogeneity, as will be discussed — establishing a

stable collusive arrangement may remain as challenging as without pricing algorithms.3??

2.2. The influence of pricing algorithms on other factors relevant to collusion

Pricing algorithms also influence other factors that are relevant to collusion because they
themselves affect the economic conditions examined above. For instance, one of these factors is
the nature of the products exchanged in a given market (i.e., whether products are homogeneous
or differentiated). If the products are highly homogeneous, collusion becomes easier, particularly
in terms of satisfying the first economic condition, namely cooperation. Since algorithms can affect

some of these factors, it can be argued that they exert a “squared” influence on collusive behavior.

Specifically, pricing algorithms affect three relevant factors: market concentration (the number of

firms in a market), the frequency of interactions, and the level of transparency.

First, algorithms significantly diminish the relevance of the number of firms in a market with
respect to collusion.®? As a rule, collusion is more feasible in markets with fewer firms, especially

in oligopolistic settings where tacit collusion is easier to achieve. By contrast, a higher number of

320 Gal (n 13) 89.
321 1bid.

322 1bid. 81-82.

323 OECD (n 7) 21.
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firms generally undermines the first (coordination), second (detection), and third (enforcement)
conditions for collusion by complicating the process of reaching an agreement (as aligning on
collusive terms becomes more challenging with a greater number of participants), detecting
deviations (since monitoring compliance across multiple firms is more complex and resource-
intensive), and enforcing punishment (because implementing retaliatory measures against
defectors is more difficult in larger groups).3** However, pricing algorithms alter these dynamics
by enabling coordination, monitoring, and enforcement of a collusive arrangement even in less
concentrated markets. This is largely due to the computational capabilities of algorithms, which

overcome the traditional limitations of human decision-making.

Second, the deployment of pricing algorithms in a market substantially increases the frequency of
interactions. This is crucial for collusion, as more frequent and rapid interactions make collusive
equilibria more sustainable.3? As previously discussed, the sustainability of collusion depends on
the ability to swiftly identify and punish any deviations from the agreed-upon behavior. Therefore,
the speed and frequency of interactions directly relate to the second (detection) and third
(enforcement) conditions for collusion. Pricing algorithms, which facilitate real-time price
adjustments, epitomize this frequency. Additionally, their predictive capabilities allow firms to

anticipate rivals’ actions before any deviation even occur.3%

Finally, perhaps the most significant feature of pricing algorithms is their impact on market
transparency. In principle, transparency can either enhance or undermine competition.3?” On one
hand, by making information more readily available to all participants in the market, transparency
reduces information asymmetry and transaction costs, empowers consumers to make informed
decisions, and thus encourages price competition.3?® On the other hand, market transparency is

also positive for (both explicit and tacit) collusion because it allows firms to monitor competitors’

324 Furthermore, «[a] large number of firms not only makes it harder to identify a ‘focal point’ for co-
ordination, but it also reduces the incentives for collusion as each player would receive a smaller share of
the supra-competitive gains that an explicit or tacit collusive arrangement would be able to extract». Ibid.
20-21.

35 OECD (n 7) 22.
326 pid.
327 pid. 29.

328 OECD, Price Transparency: Will a Greater Degree of Price Transparency Help or Harm Buyers? (2003)
5 OECD Journal of Competition Law and Policy 109.
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strategies and pricing decisions, enabling them to detect any deviation from the collusive
arrangement.®?° Furthermore, combined with other factors, market transparency can allow firms
to reach a collusive equilibrium merely through price signals and adjustments. Thus, transparency
is crucial for the stability of collusion. Against this background, online markets where algorithms
are used achieve maximum transparency: vast amounts of data on rivals and real-time price posting
create an environment where every firm can observe its competitor’s moves.>° Furthermore,
algorithms themselves may be transparent to one another, as their code can be “read” by other
algorithms.®3!  Consequently, by enhancing market transparency and reducing strategic
uncertainty, pricing algorithms support the first (coordination), second (detection), and third

(enforcement) conditions for collusion, ultimately facilitating collusion.

However, there are other factors relevant to collusion that pricing algorithms either do not
influence, or influence in ways that can hinder collusion, such as the nature of the products
exchanged or the specific characteristics of the firms operating in a market. For example, in a
market with highly differentiated products, collusion remains challenging regardless of whether

firms use pricing algorithms.3%2

In summary, the number of firms, the frequency of interactions, and market transparency are
elements most significantly impacted by pricing algorithms. In sufficiently transparent markets
where firms can make decisions in real-time, collusion can be sustained even in the presence of
counterbalancing factors, such as a higher number of firms.>3 Nevertheless, since these elements

may not always align perfectly — for instance, a market might be transparent due to algorithms but

329 1bid. See also Report from the Commission to the Council and the European Parliament — Final Report
on the E-Commerce Sector Inquiry, Staff Working Document Accompanying the Document SWD(2017)
154 final, part 1/2 para 608.

300ECD (n7) 22.

31 Gal (n 13) 85 and literature cited therein.

332 OECD (n 7) 24. Actually, Colangelo argues that «the innovative nature of algorithms may reduce the
homogeneity of products and services offered and allow companies to develop new business models,
thereby increasing asymmetries among market players and making their alignment of incentives harder to
achieve and sustain. As a consequence, the collusive equilibrium and stability would be negatively
affected». Colangelo (n 83) 11.

3¥OECD (n 7) 24.
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still feature highly differentiated products — determining the overall impact on collusion require a

comprehensive analysis and a case-by-case assessment.
3. Pricing algorithms directly affecting collusion

Having explored how pricing algorithms can indirectly facilitate collusion by making it more likely
and sustainable, we now turn our attention to cases where pricing algorithms play a direct role in
collusion, either as tools for human collusive activities or as direct executors of explicit or tacit

collusive schemes.

In their 2016 book, Virtual Competition, Ezrachi and Stucke provided a seminal categorization of
potential illicit behaviors associated with algorithmic collusion.®3* They detailed how these
scenarios might unfold and explored the antitrust enforcement challenges they pose. In a
subsequent article published in 2017, the authors further analyzed the role of agreement and intent
evidence in these cases, as well as the potential liability that could arise.3® This framework has
since become foundational for further elaboration by other competition law scholars. In this thesis,
we build upon and briefly illustrate this categorization, which serves as the starting point for our
analysis. However, in the subsequent sections, we go beyond this framework to further dissect
possible algorithmic collusion scenarios. While we depart from some of the labels used by Ezrachi
and Stucke to categorize forms of collusion, it is important to note that our findings often align
with theirs. Where our conclusions differ, we provide explanations and justifications for our

alternative perspectives.

Starting with Ezrachi and Stucke’s categorization, the authors identified four possible scenarios of

algorithmic collusion: “Messenger”, “Hub and Spoke”, “Predictable Agent”, and “Digital Eye”.
(i) Messenger

In the first scenario, known as the “Messenger”, pricing algorithms are designed by humans to
execute their instructions, specifically to implement, monitor, and enforce a traditional cartel

agreed upon by the firms.>* In this setup, the firms serve as the “masterminds” of the collusion,

334 Ezrachi and Stucke (n 22).

335 Ezrachi and Stucke (n 67). Clearly, the authors refer to the US legal framework. Consequently, the
examination also includes the role of intent.

336 1bid. 1784.
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while the algorithms act merely as “messengers,” facilitating the execution of a predetermined
collusive strategy.*” Consequently, algorithms play an auxiliary, executory role, performing tasks

dictated entirely by human operators.

From an enforcement perspective, this scenario falls squarely under Section 1 of the Sherman Act
in the US®® (and Article 101 TFEU in the EU), as the conditions for liability — namely the
existence of an agreement or concerted practice — are clearly met.3% Here, evidence of an
agreement is paramount, while the intent of the parties plays a less significant role in establishing
liability.34

But what changes between the Messenger scenario and a traditional price-fixing agreement?
Ezrachi and Stucke highlight the psychological dimension introduced by the use of pricing
algorithms as a tool for collusion. They argue that algorithms create a sense of detachment between
human decision-makers and the illicit activity, potentially diminishing feelings of guilt.
Specifically, they note: «The computer, by increasing the distance between the human and the
illegal day-to-day activity, can reduce the guilt of wrongdoing. Executives who fix prices often
find excuses for their criminal behavior. By using computer algorithms to fix prices, rather than
secretly meeting and communicating with the other co-conspirators, executives will likely feel less
culpable. The computer, in serving as an intermediary, may help individuals wash their hands of

the illicit conduct».3*
(i) Hub and Spoke

In a “Hub and Spoke” scenario, competing retailers rely either on a single, shared algorithm

provided by an upstream supplier or on separate algorithms programmed identically. Although

337 Ezrachi and Stucke (n 22) 39.
338 The authors use Section 1 of the Sherman Act as the yardstick.

339 Ezrachi and Stucke (n 67) 1784-1785. In particular, in the Messenger scenario, there is a cartel between
firms which constitutes a naked restriction of competition in the US (per se illegal), and a restriction by
object under EU competition law.

340 |bid. 1785 (and case law cited therein). In cases involving per se illegal conduct, the intent of the parties
is irrelevant and courts are only required to prove the existence of an agreement.

341 Ezrachi and Stucke (n 22) 42.
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these retailers do not interact directly, the shared reliance on the same pricing algorithm can lead

to horizontal price coordination among them.34?

As Ezrachi and Stucke point out, two distinct scenarios must be considered in this context. In the
first, the algorithm is explicitly designed to facilitate collusion among its users. Here, the supplier’s
algorithm functions as the hub, deliberately aligning the prices of competing retailers — the spokes
— through its design. Since collusion is an inherent feature of the algorithm, this scenario would
clearly fall within the scope of Section 1 of the Sherman Act or Article 101 TFEU, similar to the

Messenger scenario.*

In contrast, a coordinated pricing outcome may arise without anticompetitive intent as an
unintended consequence of rival firms independently adopting the same or identically programmed
software. The parallel use of such algorithms can still lead to coordinated pricing, particularly if
the software uniformly responds to market conditions or calculates prices using the same formula.
In this second scenario, the applicability of Section 1 of the Sherman Act and Article 101 TFEU

becomes less clear-cut.

Here, the intent or awareness of the firms involved is pivotal. Ezrachi and Stucke emphasize that
while firms adopting the same algorithm or outsourcing pricing decisions to a third party may
initially be unaware of their competitors doing the same, the resulting collusive outcome from the
parallel use of the algorithm is likely to become evident over time. This raises the question of
whether such awareness could constitute tacit acceptance of the outcome and, if so, when such
knowledge can be deemed to exist.3*

(iii) Predictable Agent

342 Ezrachi and Stucke (n 67) 1787-1789.

343 1bid. 1788, specifically fn 73. Thus, the per se rule would be applied. As Ezrachi and Stucke explain,
this scenario mirrors the structure of an indirect information exchange facilitated by a third party, which is
condemnable under competition law «where two phases are present: (1) Retailer A discloses to supplier B
its future pricing, with the intention that B will pass that information to other retailers to influence market
conditions; (2) C receives the information from B, knowing the circumstances in which it was disclosed by
A to B; and makes use of that information in determining its own future pricing intentions».

34 Ibid. As a result, antitrust enforcers would evaluate the conduct using the rule of reason standard.
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The “Predictable Agent” scenario represents a more complex situation where the widespread yet
unilateral adoption of similar pricing algorithms by competing firms creates an environment
conducive to algorithmic tacit collusion. On one hand, these pricing algorithms are independently
designed to monitor market prices, quickly respond to competitors’ price reductions, and follow
price increases — features that are predictably conducive to algorithmically coordinated
behavior.>*® Additionally, the algorithms’ ability to predict and anticipate competitors’ actions
reduces strategic uncertainty. On the other hand, the collective adoption of such algorithms
enhances market transparency. When combined with factors like product homogeneity or market
concentration, this transparency facilitates tacit collusion.®*® Ultimately, these dynamics lead to

higher market prices and the stabilization of a supra-competitive equilibrium.3*’

Crucially, no agreement is present in this scenario. At the human level, firms independently choose
to adopt pricing algorithms — a rational decision, given that relying on manual pricing would place
them at a competitive disadvantage.3*® Moreover, the desire to use the best available pricing
software drives the widespread adoption of similar algorithms. At the algorithmic level, no explicit

collusion occurs; the observed price increases arise from algorithmic tacit collusion.3*°

The absence of an anticompetitive agreement, both at the human and algorithmic levels, renders
Section 1 of the Sherman Act (and Article 101 TFEU) inapplicable to the Predictable Agent
scenario.®® However, Ezrachi and Stucke argue that the deliberate creation of conditions
conducive to tacit collusion — such as the adoption of pricing algorithms — could still warrant

antitrust scrutiny.®! Before the shift to algorithmic pricing, markets were less transparent,

35 Tbid. 61. Indeed, with such programming functions, price discounting becomes irrational, as rivals’
algorithms immediately counteract it, while price increases are profitable and tend to be followed by other
firms without communication. See Ezrachi and Stucke (n 67) 1792.

36 Ezrachi and Stucke (n 67) 1790.
37 Ezrachi and Stucke (n 22) 63.

38 Ezrachi and Stucke (n 67) 1790. The authors also consider the case where an agreement among firms to
collectively adopt algorithms exists. However, such an agreement would be assessed under the rule of
reason standard, given that firms may well have procompetitive justifications for using pricing algorithms
(1793 fn 88).

39 1bid. 1791.
%0 bid. 1793.
%1 1bid. 1790, 1793.
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competition was more intense, and tacit collusion was unsustainable. Following the adoption of
these algorithms, increased transparency and reduced strategic uncertainty render tacit collusion
both feasible and likely.3%?

The authors raise a provocative question: «[w]hile tacit collusion is legal, should its creation
through an enhanced computerized environment give rise to antitrust intervention? The question,
therefore, is whether one may condemn the creation of a transparent market in which monitoring
and punishment mechanisms are present. Should the man-made formation of the conditions for
tacit collusion through the use of advanced algorithms be condemned as illegal? And if so, under

what conditions?».33

As a potential solution to algorithmic tacit collusion arising in the Predictable Agent scenario, the
authors propose drawing parallels with merger law. Just as mergers that facilitate tacit collusion
can be challenged under antitrust law, the artificial creation of conditions enabling algorithmic
tacit collusion might also be subject to scrutiny.®* Additionally, in the US. context, they explore
the application of Section 5 of the FTC Act, which does not require evidence of an agreement but

instead focuses on unfair practices.>*®

Finally, while no explicit agreement exists in this scenario, intent remains relevant. Firms
programming their algorithms to behave similarly to those of their competitors are fully aware that
such programming increases the likelihood of tacit collusion, even in the absence of explicit
coordination.®® This awareness could be particularly significant under Section 5 of the FTC Act,
enabling antitrust enforcers to examine whether firms intentionally fostered an environment

conducive to tacit collusion.®®’

(iv) Digital Eye

%2 Ezrachi and Stucke (n 22) 66.
33 Ezrachi and Stucke (n 67) 1793.
34 1bid. 1793-1794.

35 Ibid.

3% Ezrachi and Stucke (n 22) 66.
%7 Ezrachi and Stucke (n 67) 1794.
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The fourth and final scenario outlined by Ezrachi and Stucke in “Digital Eye” represents the most
complex and challenging situation. In this scenario, similar to the Predictable Agent, pricing
algorithms are programmed to autonomously determine the profit maximizing price, while
avoiding anticompetitive agreements or concerted practices. The potential for increased profits
drives firms to adopt these automated pricing solutions, which may inadvertently lead to a supra-

competitive equilibrium through algorithmic tacit collusion.

However, three interrelated factors distinguish this scenario from the previously discussed one.
First, the algorithms involved in this case are more advanced, incorporating Al. These
sophisticated technologies enable the computers to experiment with various strategies in pursuit
of the most profitable outcome. Even when explicitly prevented from unlawful collusion, these
algorithms may independently discover that enhancing market transparency and reaching tacit
collusion is the optimal strategy. Furthermore, Al based algorithms possess enhanced capabilities

for predicting and anticipating competitors’ future reactions.

Second, unlike in the Predictable Agent scenario, firms employing Digital Eye algorithms cannot
reliably predict whether tacit collusion will materialize. While they acknowledge it as a potential
outcome, they cannot gauge its likelihood or extent in practice. As a result, intent or awareness on
their part is absent.

Third, the subtle nature of the collusion facilitated by these algorithms may even prevent firms
from recognizing that a supra-competitive equilibrium has been established. The nuanced
dynamics of this tacit collusion could even lead human operators to mistakenly perceive the market

as functioning competitively.

These factors combined result in a scenario where not only is there no agreement among firms, but
the intent to collude is also absent. In contrast to the Predictable Agent scenario, where the firms
were aware that the market-wide use of algorithmic pricing could lead to price coordination, firms
in this scenario might genuinely claim ignorance and unforeseeability, especially since the

algorithms are programmed to avoid illegal collusion.

Therefore, this scenario poses the most significant enforcement challenges for antitrust authorities,
potentially leaving them with an «empty enforcement tool kit». Given the potential harm of such

outcomes, it raises critical questions about whether we need to «change the benchmark for
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intervention». For example, we should ask whether practices — such as tacit collusion — that are
legal when conducted by humans should be condemned when carried out by intelligent machines.
We will explore these considerations further in the next chapter. In the following sections, instead,

we introduce our categorization of algorithmic collusion conduct.3®

3.1. Pricing algorithms as tools for human collusive behaviors: algorithmically-facilitated or

enabled collusion

Our first category of algorithmic collusive behavior is referred to as “algorithmically-facilitated or
enabled collusion”. In this scenario, humans are still the main drivers of the collusion, with pricing
algorithms playing a supportive role to varying extents. In some situations, algorithms simply
facilitate collusion (algorithmically facilitated collusion), meaning they make it easier for humans
to collude, though the collusive scheme could still occur without them. In other cases, algorithms
have an enabling function, where their use is essential for the collusive scheme to be implemented,

as it would not be possible without them.

Although scholars may use different terminology, this scenario of algorithmic collusion is the one
where the academic literature largely converges across various perspectives. First, there is a
general consensus on its practical unfolding. Second, from an enforcement standpoint, it is widely
accepted that Article 101 TFEU (and Section 1 of the Sherman Act) is applicable to such cases.

3% To ensure clarity, it is worth reiterating the two main categories of algorithmic collusion we identify:
“algorithmically-facilitated or enabled collusion”, where algorithms serve as tools for explicit human
collusion, and ““algorithmically-implemented collusion”, where algorithms independently act as agents of
collusion. Each category is further subdivided: the first into “algorithmically-facilitated or enabled explicit
collusion” and “algorithmically-facilitated or enabled collusion via a third party”; the second into
“algorithmic explicit collusion” and “algorithmic tacit collusion”. These categories will be analyzed below.
It is important to note that other categorizations exist in the antitrust literature beyond Ezrachi and Stucke’s
classification of algorithmic collusion. For instance, Nazzini and Henderson distinguish between “human-
relatable conduct” and “purely automated conduct,” a framework that, while less detailed, aligns broadly
with ours by focusing on the presence or absence of human input. Filippelli, instead, uses the term
“collusione facilitata da algoritmi” (“algorithmically facilitated collusion”) with a different meaning from
ours, referring to autonomous algorithms that interact in the market to achieve a collusive outcome.

Our aim is not to exhaustively map or compare all existing categorizations but rather to emphasize that no
universally accepted classification of algorithmic collusive behaviors currently exists. See Renato Nazzini
and James Henderson, ‘Overcoming the Current Knowledge Gap of Algorithmic “Collusion” and the Role
of Computational Antitrust (2024) 4 Stanford Computational Antitrust 1; and Marilena Filippelli, ‘La
collusione algoritmica’ (2021) 2021 Orizzonti del Diritto Commerciale 375, 381-383.
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Lastly, there is agreement that this is the only form of algorithmic collusion that has been

empirically observed to date.

In the taxonomy put forth by Ezrachi and Stucke, “algorithmically-facilitated or enabled collusion”
mostly aligns with the Messenger scenario. However, our classification is more comprehensive.
Indeed, we encompasses two distinct types of behavior: (i) algorithmically facilitated or enabled
explicit collusion, which falls under the scope of Article 101 TFEU (and Section 1 of the Sherman
Act); and (ii) algorithmically facilitated or enabled collusion via a third party, where the
applicability of Article 101 TFEU (and Section 1 of the Sherman Act) depends on the specific
circumstances. Accordingly, this category also encompasses Ezrachi and Stucke’s Hub and Spoke
scenario. In the following sections, we will examine how each of these behaviors operates and
their implications for antitrust law. Finally, we discuss the case law on algorithmically facilitated

or enabled collusion.
3.1.1. Algorithmically facilitated or enabled explicit collusion
(i) The case

Algorithmically-facilitated or enabled explicit collusion refers to the practice whereby firms,
through the actions of their directors, employees or shareholders, utilize algorithmic pricing tools
to implement, monitor and enforce a traditional price-fixing or output restriction agreement.>*° At
the core of this coordination lies a conventional cartel — characterized by a ‘meeting of minds’ or
a ‘concurrence of wills’ among the participating firms — and pricing algorithms serve as a
facilitating or enabling instrument to, first, reach a collusive price equilibrium and subsequently

assist in detecting and punishing any deviations from the cartel.

Within this framework, two distinct variants can be identified. In the first variant, firms form an
illegal cartel or engage in a concerted practice, where pricing algorithms serve as facilitators of the
collusive arrangement (algorithmically-facilitated collusion). From one perspective, algorithms
enhance the stability of the cartel by acting in conformity with the agreement, continuously
monitoring compliance, promptly identifying deviations from the collusive equilibrium, and

swiftly enforcing credible sanctions on firms that deviate from the agreed-upon terms.%° For

39 Ezrachi and Stucke (n 67) 1782.
30 Calzolari (n 82) 1199.
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instance, firms may program their pricing algorithms to implement trigger strategies, maintaining
the collusive price as long as all participants adhere to it, but initiating a price war if any firm
deviates.®®! The knowledge that monitoring algorithms can immediately detect deviations
incentivize cartel members to comply with the collusive equilibrium. Alternatively, algorithms can
be employed to increase the profitability of the collusion by identifying supra-competitive prices

that maximizes the profits of the colluding firms.

Crucially, in this scenario, firms would still be able to carry out the collusive scheme without the
use of algorithms; however, the algorithms serve to enhance the effectiveness, stability, and, in

some cases, the profitability of a collusive arrangement that is already in place.

In the second variant, two or more firms agree to adopt identical pricing algorithms specifically
designed by a third-party for price-fixing or instruct their algorithms to engage in collusive
behavior.>®2 Here, an illegal horizontal agreement exists as well, but it does not directly pertain to
a traditional price-fixing or output restriction scheme. Instead, the horizontal agreement involves
the mutual adoption of the same anticompetitive algorithm or the decision to program algorithms
to fix prices or restrict output.®®® In this scenario, while humans are the “masters” of the cartel —
echoing the terminology of Ezrachi and Stucke3®* — its practical execution is delegated to pricing
software. Even though these pricing algorithms execute human instructions, there may be

situations where, without such tools, firms would be unable to effectively implement the collusive

%1 OECD (n 7) 27.

%2 Thus, the difference is that, in the first scenario, pricing algorithms are indirectly programmed to collude
by a third-party developer based on the instructions from the purchasing firms. In contrast, in the second
scenario, the cartel members themselves directly program the algorithms to execute a collusive strategy.
%3 See in this regard Pietro Manzini, ‘Algoritmi collusive e diritto antitrust europeo’ (2019) 21 Mercato
Concorrenza Regole 163, 167; and Thomas (n 301) 11. A different issue is whether an agreement to adopt
the same anticompetitive software, or an agreement to instruct algorithms to set collusive prices, constitutes
a restriction by object or by effect. Similarly, in the US, the question is whether such conduct should be
analyzed under the per se rule or the rule of reason. In our view, an agreement between rivals to instruct
algorithms explicitly to collude in pricing is tantamount to a traditional price-fixing agreement and thus
qualifies as a restriction by object (or per se illegal under US. standards). By contrast, as argued by Ezrachi
and Stucke, if the agreement concerns the adoption of similar algorithms — where collusion is only one of
several potential outcomes — this should be evaluated as a restriction by effect or under the rule of reason.
See Ezrachi and Stucke (n 67) 1793.

%4 1bid. 1784.
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scheme. This could occur if firms are highly heterogeneous, making it challenging to determine a
joint collusive price without software, or if the market experiences frequent fluctuations, rendering
manual adaptation of the collusive price to changing conditions impractical. Thus, in these cases,
pricing software may perform an enabling function, making the execution of an otherwise

unfeasible collusive scheme possible (algorithmically-enabled collusion).

Beyond cases of blatant horizontal price-fixing agreements, pricing algorithms can also facilitate
the emergence of different and less overt forms of collusion. On one hand, by diminishing the
necessity for direct communication between firms, they may enable coordinated behavior that falls
short of a formal agreement, such as information exchanges or concerted practices.3®® On the other
hand, pricing algorithms can be employed in vertical arrangements to enforce resale price
maintenance schemes.®® In such cases, an upstream producer may utilize pricing software to
monitor that its distributors adhere to uniform pricing policies, preventing them from setting

divergent prices.3¢’

Concerning the type of algorithms involved in the scenarios outlined above, they primarily fall

into the category of adaptive, or first-generation algorithms. These algorithms, as previously

35 Ezrachi and Stucke (n 22) 41-42. An example might involve a company unilaterally embedding an
anticompetitive pricing rule into a shared algorithmic tool, such as a rule that automatically adjust prices to
match the lowest price on a specific online platform or store, plus 5%, or to undercut a particular
competitor’s price by 5%. This rule could then be adopted by rival companies relying on the same tool,
who use it to modify their own market behavior accordingly. See Communication from the Commission —
Guidelines on the applicability of Article 101 of the Treaty on the Functioning of the European Union to
horizontal co-operation agreements [2023] OJ C 259/1 (“Horizontal Guidelines™), para 397. Similarly, see
also UK Competition and Markets Authority, Guidance on the application of the Chapter | prohibition in
the Competition Act 1998 to horizontal agreements (“Guidance on Horizontal Agreements”), August 2023
para 8.61 available at <https://www.gov.uk/government/publications/guidance-on-horizontal-agreements>
(last accessed November 2024).

366 Resale Price Maintenance (RPM) refers to a practice in which a supplier or manufacturer imposes a
minimum or fixed resale price on its distributors or retailers, effectively controlling the price at which its
goods or services are sold to consumers. This restriction may prevent retailers from offering discounts
below the prescribed price level, thereby limiting price competition at the retail level. See, in this respect,
Asus (Case AT.40465) Commission Decision C(2018) 4773 final [2018] available at
<https://ec.europa.eu/competition/antitrust/cases/dec_docs/40465/40465 337 3.pdf>  (last  accessed
November 2024); and Asus (Case AT.40465) Summary of Commission Decision C/2018/4773 [2018] OJ
C 338/13.

%7 Calzolari (n 82) 1198.
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discussed, are less sophisticated than machine learning algorithms.®® They are characterized by
two main features: first, they continuously adjust prices based on parameters predetermined by the
programmer, such as market demand or rivals’ prices; second, they rigidly adhere to the
instructions given during the programming phase.®®® This strict adherence means that adaptive
algorithms seldom deviate from the programmed instructions, resulting in outputs that are both

predetermined and predictable ex ante.

Additionally, monitoring algorithms also play a significant role in these scenarios. As noted by the
OECD, «[t]lhe most obvious and simple role of algorithms as facilitators of collusion is in
monitoring competitors’ actions in order to enforce a collusive agreement. This role may include
the collection of information concerning competitors’ business decisions, data screening to look

for any potential deviations and eventually the programming of immediate retaliations».3°

In summary, the implementation of a collusive strategy similar to the one described here may
involve the use of various types of pricing algorithms, each programmed to perform specific
functions within the framework of the restrictive agreement. These different types of software

work in tandem, each contributing to the enforcement and stability of the collusive arrangement.
(i) Implications for antitrust law

When pricing algorithms are merely tools within the framework of unlawful human collusion,
existing legal remedies remain applicable. Where there is evidence of an anticompetitive
agreement to fix prices, restrict output, or engage in concerted practices, antitrust enforcers can
readily apply Article 101(1) TFEU (and Section 1 of the Sherman Act).3"

368 See Chapter 1, Section 4.2.2.

39 As argued by Deng, collusion is «an explicit design feature» of the algorithm. Ai Deng, ‘What Do We
Know About Algorithmic Tacit Collusion?’ (2018) 33 Aantitrust 88, 91.

37 OECD (n 7) 26.

371 See Gal (n 13) 105; and Colangelo (n 83) 13. A difference may lie in the number of parties held
accountable for the infringement. When firms engage a third-party to program algorithms for collusion, the
third-party may also be held responsible as a facilitator of the anti-competitive practice, provided they were
aware of the intent. In contrast, if cartel members directly instruct their algorithms to collude without
involving a third-party, only the firms themselves will be liable.

Furthermore, another distinction exists between algorithmically-facilitated and algorithmically-enabled
collusion, although this difference may be irrelevant for the application of Article 101 TFEU (and Section
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Therefore, in instances of algorithmically-facilitated or enabled explicit collusion, no new
enforcement challenges arise in principle. The competition law violation stems from the human
cartel, not from the use of algorithmic software to execute it. Even without algorithms, this conduct
would still be prohibited as a restraint of competition by object under Article 101 TFEU, and in
the US it would be assessed under the per se rule.3’? Furthermore, as discussed in the previous
chapter, agreements restrictive of competition by object are unlawful regardless of their
implementation, effects on competition, or ultimate success. Consequently, whether or not pricing
algorithms succeed in implementing or monitoring the agreement is irrelevant for the application
of Article 101 TFEU (and Section 1 of the Sherman Act).®"

Therefore, antitrust enforcers already possess the tools to prosecute these practices, much as they
do in traditional cartel cases. On top of that, antitrust enforcement is even less burdensome with
respect to by object restrictions since plaintiffs do not need to prove anti-competitive effects, and
Article 101(3) is typically not satisfied by default.3’

1 of the Sherman Act). As described above, in the first case, the firms reach a traditional price-fixing or
output restriction agreement, which is then implemented through algorithms — in other words, the object of
the agreement directly concerns prices or output. In contrast, in the second case, the object of the horizontal
agreement is not to directly fix prices or output but to purchase the same anticompetitive algorithm, or to
instruct the algorithm to act anticompetitively. The firms do not explicitly agree on collusive prices or
output; instead, they rely on their software to calculate and set these figures. However, the outcome remains
the same: a collusive equilibrium. Thus, it is reasonable to conclude that these types of agreements should
be classified as restrictions by object, not by effect. Similarly, in the US, such agreements could be assessed
under the per se rule rather than the rule of reason. Inderst and Thomas support this view, arguing that
«where firms agree to cooperate on the use of pricing algorithms, explicit collusion can be likely. Assume,
for example, that rivals agree on using the same pricing algorithm for them to align prices. The algorithm,
in this case, is not different from a common pricing formula. If firms agree on a certain pricing formula,
this usually qualifies as a hardcore restrainty. See Roman Inderst and Stefan Thomas, ‘Algorithms and
Antitrust: A Framework with Special Emphasis on Coordinated Pricing’ (2024) 20-21 available at
<https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4816287> (last accessed November 2024).

872 Ezrachi and Stucke (n 22) 42. Using a different argument for the illegality of algorithmically-facilitated
or enabled explicit collusion, Colombo states that «if price-fixing cartels are illegal when implemented in
the bricks-and-mortar world, they a fortiori are when implemented online». See Niccoldo Colombo, ‘Virtual
Competition: Human Liability Vis-a-Vis Artificial Intelligence’s Anticompetitive Behaviours” (2018) 1
European Competition & Regulatory Law Review 11, 12.

373 Ezrachi and Stucke (n 22) 42.

374 See Communication from the Commission — Guidelines on the application of Article 81(3) of the Treaty
[2004] OJ C 101/97, paras 14 and 15 (“Guidelines on the application of Article 101(3)”), para 20. In cases
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Nonetheless, the use of pricing algorithms in traditional explicit human collusion is not without
implications for the enforcement of Article 101 (and Section I of the Sherman Act). On the bright
side, pricing algorithms may hold evidentiary value. When direct evidence of a “meeting of minds”
between firms is limited, the way a pricing software has been programmed can provide antitrust
authorities with valuable insights to infer cartel activity. For instance, if supra-competitive prices
are observed and competitors’ software are found to be programmed to set prices in an identical
or coordinated manner, this similarity could serve as «the proverbial smoking-gun evidence of the

intention of undertakings to collude in order to raise market prices».3"™

Furthermore, the use of pricing algorithms in explicit human collusion may be appreciated in the
calculation of antitrust penalties. Although the illegality of a restrictive agreement by object does
not hinge on its implementation, the extent of implementation can still affect the severity of
sanctions. In a similar vein, the use of algorithms to facilitate or enable the execution of
anticompetitive agreements could lead to increased penalties for the involved firms if deemed

appropriate.3’®

On the downside, pricing algorithms could make collusion easier, faster, more sophisticated, and
more frequent, potentially enabling firms to implement price-fixing agreements even in markets
where such conduct would be nearly impossible without algorithmic assistance. While this does
not affect the applicability of Article 101 TFEU or Section 1 of the Sherman Act, it could increase

the workload for antitrust enforcers due to a potential rise in the number of cases and the

of concerted practices, the traditional legal criteria should still apply. Referring back to the previous
example (fn 64), consider a scenario where a company uses a shared algorithm to disclose commercially
sensitive information about its future prices and output to its competitors. Those competitors will be
presumed to have taken that information into account unless they publicly distance themselves from it or
report it to the relevant administrative authorities.

375 Calzolari (n 82) 1200.

376 Ibid., highlighting the EU Commission’s broad discretion in determining fines, alongside the importance
of considering, among other factors, the gravity of the infringement — particularly as inferred from the use
of algorithms to «rigorously» implement the cartel (see Guidelines on the method of setting fines imposed
pursuant to Article 23(2)(a) of Regulation No 1/2003 [2012] OJ C 210/2 paras 2, 19, and 20; see also OECD,
Algorithms and Collusion — Note from the European Union, 13 June 2017, DAF/COMP/WD(2017)12, para
23 and case law cited).
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involvement of more participants in collusive schemes, as algorithmic pricing mechanisms might

enable broader agreements involving more firms than would be possible without them.*”’

In conclusion, regarding the debate on the applicability of existing remedies to algorithmically-
facilitated or enabled explicit collusion, as long as antitrust enforcers can establish evidence of
unlawful collusion, Article 101(1) of the TFEU (and Section 1 of the Sherman Act) remains
applicable, regardless of the use of algorithms. Thus, concerns about algorithmically-facilitated or
enabled explicit collusion pertain more to policy considerations than to antitrust law itself: while
they may justify concerns about increased workloads for antitrust enforcers, they do not indicate a

lack of enforcement tools against such conduct.
3.1.2. Algorithmically facilitated or enabled collusion via a third party
(i) The case

It is well established that collusion can occur indirectly through a third-party. When this third-
party operates in a vertical relationship with horizontally competing firms, it is referred to as a
hub-and-spoke arrangement.®’® In this structure, the “hub” is the third-party coordinating the
collusive scheme, while the horizontally competing firms act as the “spokes”. This type of
arrangement typically involves the indirect exchange of commercially sensitive information, such
as prices or output strategies, between competitors via the hub. Importantly, the defining feature
is the absence of a direct agreement between the competitors themselves, even though the result —
price fixing or output restriction — remains the same. The “hub” engages directly with each party
involved, while the competitors interact only indirectly through this intermediary. For example,
two competing distributors (A and C) might use a common supplier (B) to align their pricing
strategies. If the supplier knowingly facilitates this exchange and both distributors are aware of the
collusion, it may constitute a hub and spoke conspiracy under antitrust law.

Similarly, algorithmic collusion can also occur through a vertically-related third party, such as a

software provider, an external consultant, or even an algorithm itself.>’® In such cases, algorithmic

317 Filippelli (n 358) 382.
378 Horizontal Guidelines, para 402.

37 This scenario is explicitly addressed in the Horizontal Guidelines, para 401, which state: «[e]xchanges
of commercially sensitive information between competitors can take place via a third party, such as a third
party service provider (including a platform operator or optimisation tool provider), a common agency (for
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collusion mirrors the structure of a hub-and-spoke arrangement, with the vertically related third
party acting as the “hub” that facilitates or enables coordination among competitors, the “spokes”.
Accordingly, we refer to this scenario as algorithmically-facilitated or algorithmically-enabled

collusion via a third party.

As outlined in the 2019 joint report by the French and German NCAs, Algorithms and Competition,
two distinct categories of behaviors are relevant in this context: “alignment at code level” (i.e.,
alignment in the design or programming of algorithms) and “alignment at data level” (i.e.,

alignment through shared input factors or data).>®

Alignment at the code level®® occurs when a third-party provides competitors with similar or
identical algorithmic pricing solutions.®¥? This can take two forms: (i) the third-party supplies
algorithms explicitly designed to implement collusive pricing strategies; (ii) competitors fully
outsource their pricing decisions to a third party, which uses a single, shared algorithm to
determine coordinated pricing across the market.® In both cases, the competitors maintain vertical
relationships with the third-party and do not interact directly with one another.3®* However, the
outcome is the same as a cartel: coordinated pricing facilitated by the use of similar or identical

algorithms.

Alignment at the data level occurs instead when a shared algorithm facilitates the exchange of
sensitive information between competitors, or when a third-party uses a common data pool to fuel
its algorithm, which multiple firms then employ.3® The structure resembles the hub-and-spoke
arrangement between A, B, and C discussed earlier. In the first scenario, a shared algorithm — or

the third-party managing it — serves as a conduit for exchanging sensitive commercial information,

instance, a trade organisation), a supplier or customer, or a shared algorithm (collectively referred to as the
‘third party’)».

380 See Autorité de la Concurrence and Bundeskartellamt (n 68) 33-34.

31 See also Horizontal Guidelines, para 379.

382 Autorité de la Concurrence and Bundeskartellamt (n 68) 33.

383 1bid.

384 Thus, it becomes evident why this scenario differs from the one previously analyzed in paragraph 3.1.1.,
where rival firms agree to purchase the same anticompetitive agreement (i.e., forming a horizontal
anticompetitive agreement).

385 Autorité de la Concurrence and Bundeskartellamt (n 68) 33-34.
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such as future prices and quantities, which competitors use to coordinate their market behavior. In
the second scenario, competing firms utilize pricing software that relies on a shared data pool,
which aggregates competitors’ sensitive data to reduce strategic uncertainty.3® In this case,

alignment arises at the input level, as the shared data leads to coordinated pricing across firms.

However, coordinated pricing outcomes between firms relying on a third-party pricing algorithm
may still occur outside a traditional hub-and-spoke framework. As will be explained further below,
a hub-and-spoke scheme is characterized by the participants’ awareness — or at least the
foreseeability — of an anticompetitive outcome, and often by their intent to engage in such conduct.
In contrast, the antitrust literature claims that a collusive outcome may inadvertently emerge from
parallel reliance on the same pricing algorithm by competing firms, even in the absence of

awareness or intent of coordination.3®”

As previously noted, an increasing number of companies are transitioning from traditional
“offline” pricing strategies to automated solutions driven by pricing algorithms. Many firms find
it better to outsource their pricing strategies to third-party providers offering dynamic pricing
software rather than developing proprietary tools.*® These companies typically supply their data
to third-party providers, whose algorithms either suggest or directly set prices to maximize
profitability. Alternatively, firms within the same industry may purchase standardized, “off-the-

shelf” pricing software, avoiding the costs of in-house development.

This reliance on the same or a single software can result in multiple competitors adopting identical
pricing algorithms.®®° These algorithms, by design, implement uniform pricing methodologies,
potentially leading to a coordinated pricing equilibrium. Adding to the problem, software

developers, driven by the goal of maximizing their clients’ profits, are incentivized to sell their

36 As explained by the Commission: «[iJnformation may also be exchanged indirectly via a shared
optimisation algorithm which takes commercial decisions based on commercially sensitive data feeds from
competitors. Whilst using publicly available data to feed algorithmic software is legal, the aggregation of
commercially sensitive information into a pricing tool offered by a single IT company to which various
competitors have access could amount to horizontal collusion». See Horizontal Guidelines, para 402.

387 Ezrachi e Stucke (n 67) 1788.

38 Joseph E. Harrington, Jr., ‘The Challenges of Third Party Pricing Algorithms for Competition Law’
(2024) Working Paper available at <https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4824953> (last
accessed November 2024).

389 Autorité de la Concurrence and Bundskartellamt (n 68) 32.
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solutions to as many firms as possible and to design them to produce supra-competitive prices,
thereby increasing the likelihood of coordinated outcomes.®* And even in cases where developers
create “bespoke” pricing solutions — i.e., algorithms tailored to meet the specific needs of an
individual business — if their customers are competitors, developers may still provide similar

advice or services, which can lead to comparable pricing strategies.*

A similar dynamic arises when companies rely on intermediary platforms that employ pricing
algorithms to set prices. In such cases, firms may not retain full autonomy over pricing decisions
but instead defer to the platform’s algorithm. For instance, Uber drivers must accept Uber’s
algorithm for determining ride fares, and retailers on Amazon often rely on the platform’s

algorithm for pricing their products.

%90 |bid.

%1 Ibid. This is especially true when the developer, or a third-party consultant hired by the company, is
compensated based on the revenue generated for the company, or when the renewal of their contract is
contingent upon their performance.

However, the literature suggesting that this may not be the case deserves careful consideration. In particular,
Harrington challenges the assumption that the interests of third-party suppliers of pricing algorithms and
the firms purchasing these algorithms are inherently aligned — in the sense that both parties benefit from
algorithms designed to set supra-competitive prices. According to this assumption, third-party suppliers
would have an incentive to design algorithms that produce supra-competitive prices, thereby maximizing
their customers’ profits and enabling them to charge higher fees. Likewise, customer firms would be
motivated to adopt such algorithms to maximize their own profits. Harrington argues, however, that this
view is flawed because it incorrectly assumes that third-party suppliers aim at maximizing their customers’
profits. In reality, their primary objective is to maximize the firms’ willingness to pay (WTP) for the
algorithms. Under this framework, when firms independently decide whether to adopt the pricing algorithm
— without any agreement among them — third-party suppliers may lack the incentive to design algorithms
that set supra-competitive prices. Consequently, the average market price with the third-party pricing
algorithm remains the same as it would under competitive conditions. The reason is that «[w]ith
independent adoption decisions, a firm’s WTP is the profit it earns from adopting the pricing algorithm
minus the profit from not adopting it, holding fixed other firms” adoption decisions. While a higher markup
raises the profit from adopting the pricing algorithm (as all firms are pricing higher), it also raises the profit
from not adopting because it can profitably undercut the high prices set by rival adopting firms. It is shown
that raising the average markup above the competitive level raises the profit from not adopting more than
from adopting so it would actually lower a firm’s WTP and thus lower the profit that the third party can
extract from adopting firms. At least in this setting with firms making independent adoption decisions, the
average markup is not supracompetitive even when all firms are adopting the third party’s pricing
algorithm». See Harrington (n 388) 6.
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These scenarios align with the Hub and Spoke framework described by Ezrachi and Stucke and
pose significant challenges for antitrust enforcement. Specifically, they raise questions about
whether the observed outcomes genuinely constitute algorithmic collusion. These challenges,
along with the broader implications of hub-and-spoke arrangements involving algorithms, will be

examined in the next section.
(if) Implications for antitrust law

Collusion facilitated by a third party is prohibited under Article 101(1) TFEU. A robust body of
jurisprudence has clarified the conditions under which indirect information exchanges amount to
horizontal collusion and thus violate the prohibition on anticompetitive arrangements. Indeed,
while information exchanges can be a normal feature of competitive markets and may even

392

generate efficiency gains,*” it is crucial to distinguish between conduct that restricts competition

and conduct that enhances market efficiency.

The EU Commission’s Horizontal Guidelines emphasize the need for a case-by-case analysis to
determine whether an indirect information exchange breaches Article 101 TFEU. This analysis
focuses on the specific roles and awareness of the parties involved, particularly the firm initiating
the exchange of commercially sensitive information, the competitor receiving the information, and

the third party facilitating the exchange.3%3

First, the provider of the information is liable in three circumstances: a) «when [it] expressly or
tacitly agrees with the third party that the third party may share the said information with the
undertaking’s competitors»; b)«where [it] intended, via the third party, to disclose commercially

sensitive information to its competitors»; or ¢)«when [it] could reasonably have foreseen that the

392 For example, they can mitigate information asymmetries, help firms lower costs, enable the development
of new or improved products and services, and reduce consumer search cost. See Horizontal Guidelines,
paras 373-375.

393 Ibid. para 402. See also Case C-542/14 SIA ‘VM Remonts’ (formerly SIA ‘DIV un KO’) and Others v
Konkurences padome [2016] ECLI:EU:C:2016:578 paras 30-31 (hereinafter “VM Remonts”). In addition
to awareness, other factors must be considered to determine whether an information exchange infringes
Article 101(1) These include the nature of the information exchanged, its timeliness, and the frequency of
the exchanges. In the case at hand, it is assumed that the companies involved in the hub-and-spoke
arrangement are exchanging commercially sensitive information, such as future prices and quantities.
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third party would share the information with the undertaking’s competitors and it was prepared to

accept the risk which that entailed».3%*

Second, «[t]he competitor receiving the commercially sensitive information would equally be
participating in the infringement, and be liable for it, if it was aware of the anti-competitive
objectives pursued by the undertaking sharing the information and by the third party, and intended
to contribute to those objectives by its own conduct».3%°

Finally, «a third party that transmits commercially sensitive information of undertakings may also
be liable for an infringement if it intends to contribute by its own conduct to the common objectives
pursued by the participants to the exchange and was aware of the actual conduct planned or put
into effect by other undertakings in pursuit of the same anti-competitive objectives or could

reasonably have foreseen such conduct and was prepared to take the risk».>%

In the context of algorithmically-facilitated or enabled collusion, the same principles should
apply.3%” Antitrust enforcers must demonstrate that «competitors are aware that they are relying on
the same anticompetitively acting service provider and using the same or somehow coordinated
algorithms or could at least reasonably have foreseen it».3% The same should also be demonstrated
with regard to the third party. Moreover, when a shared algorithm administered by a vertically
related third party is used to exchange commercially sensitive information between competitors,

any firm that inadvertently receives such information must publicly distance itself or notify the

39 1bid. para 403. The Horizontal Guidelines add that The Horizontal Guidelines add that «[o]n the other
hand, the undertaking that shares the information will not be engaging in an infringement where the third
party obtains that undertaking’s commercially sensitive information and, without informing that
undertaking, passes the information on to that undertaking’s competitors, or where that undertaking could
not have reasonably foreseen that the information would be passed on».

3% Ibid. Differently, if a company receives commercially sensitive information unintentionally, it must
publicly distance itself from the information or notify the appropriate administrative authorities. Failure to
do so will result in the presumption that the company has factored that information into its decision-making.
3% Ibid. para 404.

397 Autorité de la Concurrence and Bundeskartellamt (n 68) 38. Furthermore, in these cases, it is likely that
the information exchange will be considered as a restriction by object by antitrust enforcers in the EU (and
will be evaluated under the per se rule in the US). See Calzolari (n 82) 1210.

3% Autorité de la Cuncurrence and Bundeskartellamt (n 68) 36.
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relevant authorities. Failure to do so may result in the presumption that the firm has utilized the

information to adjust its market behavior.3%

As noted by Ezrachi and Stucke, beyond establishing awareness, another key factor in determining
liability in collusion via third-party algorithms is examining how the software was programmed.
Indeed, the fact that the algorithm has been explicitly instructed to collude strengthens the case for
the existence of an anticompetitive agreement or concerted practice under Article 101 TFEU. The
same holds true if the algorithm is programmed to transmit sensitive price information between
competitors, facilitating price coordination. While understanding the technical coding of an
algorithm requires specialized expertise that antitrust enforcers may not currently possess, it will
soon be essential to have staff with the skills to “decode” algorithms and analyze their role in

market conduct.

When collusion is facilitated through a third-party provider or an algorithm, and the criteria
discussed earlier are met, Article 101 TFEU (and Section 1 of the Sherman Act) will apply.
However, it is crucial to distinguish cases where competitors knowingly and intentionally use the
same anticompetitive algorithm, and those where a coordinated price equilibrium emerges
unintentionally, simply because multiple firms are using the same software or delegating pricing
decisions to a common third-party without any anticompetitive intent. If the algorithm calculates
prices based on uniform parameters, such as supply and demand, it may lead to identical prices
without constituting an anticompetitive agreement. Moreover, the mere act of purchasing or using
the same pricing solutions does not, in itself, violate antitrust laws. Consequently, in such cases,
Article 101 TFEU and Section 1 of the Sherman Act should not apply.

Ezrachi and Stucke’s theory of algorithmic collusion highlights the nuanced boundary between
lawful conduct — such as using the same or a common algorithm — and potentially unlawful
practices, where firms become aware that, by adopting the same software or delegating pricing
decisions, they are contributing to a collusive equilibrium. Even if the algorithm is not explicitly
designed to collude, firms may eventually recognize that their reliance on it is fostering a tacitly

collusive outcome. This raises the question of whether the awareness criterion could be deemed

399 See Eturas, para 50. See also para 3.1.3 below which discussed the Eturas case more in depth.
400 Ezrachi and Stucke (n 22) 54.
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satisfied, thereby justifying the application of Article 101 TFEU due to the anticompetitive effects
and harm to consumer welfare. The case law on algorithmic collusion has contributed to clarify

these matters, as the next section will discuss.
3.1.3. Existing case-law

Although algorithmic collusion remains a relatively new area of concern, there is already a non-
negligible body of competition cases addressing both algorithmically-facilitated or enabled
explicit collusion and algorithmically-facilitated or enabled collusion via a third party. These cases

span jurisdictions at the levels of the US, the EU, and individual Member States.

The first landmark cases of algorithmically-facilitated collusion emerged in the e-commerce
sector, where firms used algorithms to implement and monitor price-fixing agreements. Between
2015 and 2016, the US Department of Justice (DoJ) and the UK Competition and Markets
Authority (CMA) uncovered a cartel between online retailers who agreed to use automated
repricing software to avoid undercutting each other’s prices for posters and frames sold on Amazon
marketplace.*® At that time the cases sparked significant public attention within the antitrust
community due to the relatively new context of e-commerce and the unprecedented use of
computer software to assist in the implementation of a collusive scheme.*®> However, it was
immediately clear that the involvement of technology did not alter the fundamental illegality of

the conduct, as it simply served to assist in the execution of a traditional anticompetitive practice.

More interesting, in the EU, is the Eturas case, the most prominent case of algorithmic collusion
via a third-party, where multiple travel agencies using a shared booking software administered by
the third-party company Eturas were accused of coordinating discounts on travel services offered
through the platform.4® In particular, the Lithuanian competition authority, acting upon a leniency
application, found that Eturas had sent a message through a built-in messaging system, instructing

41 US Department of Justice, U.S. v. David Topkins 6 April 2015 available at
<https://www.justice.gov/atr/case/us-v-david-topkins> (last accessed November 2024); UK Competition
and Markets Authority, Case 50223 — Online sales of posters and frames 12 August 2016 available at
<https://www.gov.uk/cma-cases/online-sales-of-discretionary-consumer-products> (last accessed
November 2024).

402 See Mehra (n 85) 470.
403 Eturas (n 8).
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agencies to cap discounts on bookings made via the software.** Subsequently, Eturas
implemented technical modifications to the software that, while not preventing travel agencies
from applying discounts exceeding the cap, introduced additional technical steps to do s0.%%°
Against this background, the NCA concluded that the travel agencies had engaged in a prohibited
concerted practice under Article 101 TFEU, as they were aware, or should have reasonably
foreseen, that all participants would adhere to the discount cap and did not openly distance

themselves from the arrangement. Furthermore, Eturas was deemed a facilitator of this conduct.*%

Upon reaching the Lithuanian Supreme Administrative Court, the case was referred to the Court
of Justice of the European Union (“CJEU” or “the Court”) for a preliminary ruling on two specific
questions. First, the national court asked whether the delivery of a message through the platform,
like the one sent by Eturas, constituted sufficient evidence to establish the knowledge (or presumed
knowledge) of the recipients, relevant to proving a concerted practice under Article 101 TFEU.
Second, if the answer to the first question was negative, the court asked which additional evidence
would be necessary to determine whether companies using shared software had engaged in a
concerted practice under Article 101.4%7

The CJEU argued that the answer to the first question did not pertain to the notion of concerted
practice under EU law but instead fell within the realm of national procedural autonomy,
specifically regarding the assessment of evidence.*®® The Court further recalled the EU law
principles that impose a limitation on national procedural autonomy in two opposite directions:
the presumption of innocence — meaning that proving a violation should not be “too easy” — and

the principle of effectiveness — meaning it should also not be “too difficult” 4%

404 Eturas, paras 9-10.
495 Eturas, para 12.

4% Eturas, para 15.

407 Eturas, para 25.

498 Eturas, paras 29-34.

499 Eturas, paras 35-41. See also Alfonso Lamadrid, ‘ECJ’s Judgment in Case C-74/14, Eturas (on the scope
of “concerted practices” and on technological collusion)’ (Chilling Competition, 22 January 2016) available
at <https://chillingcompetition.com/2016/01/22/ecjs-judgment-in-case-c-7414-eturas-on-the-scope-of-
concerted-practices-and-on-technological-collusion/> (last accessed November 2024).
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Concerning the second question, the Court argued that if it can be shown that the travel agencies
were aware of the message’s content, then simply receiving it — without publicly distancing
themselves — could establish a presumption of concertation and, combined with the other
constituent elements — i.e., subsequent market conduct and a causal link between the concertation
and this conduct — substantiate a concerted practice under Article 101 TFEU.*° Conversely, if
knowledge cannot be established, the Court ruled that concertation cannot be inferred solely from

the presence of a technical restriction, like the one imposed by Eturas on the shared software.*!!

Finally, the judgement clarified what constitutes adequate public distancing «in particular
circumstances such as those at issue in the main proceedings», specifically when a company uses
shared software like that administered by Eturas.**? In such cases, a travel agency seeking to
distance itself does not need to send a formal declaration to all competitors who received the same
message.*'? Instead, to rebut the presumption of concertation, it is sufficient for the agency to
communicate a clear and explicit objection to the software administrator.*** Furthermore, the Court
affirmed that the presumption of participation in a concerted practice can be rebutted not only by
express declarations but also by market behavior — specifically, in this case, by consistently

applying discounts that exceed the established cap.*!®

While the Eturas case primarily contributes to the understanding of “concerted practice” in EU

competition law, it also holds important implications for algorithmic collusion.

First, and most importantly, the CJEU implicitly recognized that a shared algorithmic software
operated by a third-party could serve as a tool to coordinate competitor behavior and achieve a
“concurrence of wills” without requiring direct contact between them.*!® In other words, the Court
acknowledged the potential role of third-party software in facilitating collusion, aligning with the

model of algorithmically-facilitated or enabled collusion via a third party described above. In this

410 Eturas, para 44.
411 Eturas, para 465.
412 Eturas, para 47.
413 bid.

414 Eturas, para 48.

415 Eturas, para 49. See also Lamadrid (n 409) and the case law cited therein, where EU Courts have
accepted forms of public distancing other than explicit declarations.

418 Eturas, para 20.
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case, indeed, the Eturas software acted as a conduit for commercially sensitive information (the
message setting a discount cap and the subsequent technical restrictions on discounts), leading to
a coordinated outcome among competitors. The software’s role thus substituted for direct

communication between the travel agencies, yet still enabled horizontal coordination.

However, it is important to note that, in line with scenarios of algorithmically facilitated or enabled
collusion, the software did not act autonomously but was directed by its administrator to act in an
anticompetitive way. Here, the software played a facilitative role but did not replace the need for
human decision-making. This, leaving aside the specific conclusions regarding the existence of an
infringement, allowed the NCA, the national Courts and ultimately the CJEU to assess the case in
light of Article 101 TFEU without significant complications.

On a related note, even in the absence of an autonomous conduct of the software, the judgement
offers insights into interpreting the notion of “concerted practice” —a concept traditionally applied
in context of human interaction — when algorithms are involved in collusion. This is particularly
evident in the Court’s guidance on what constitutes adequate public distancing when concertation
is mediated through algorithms. When a company may not be aware of all competitors using the
same software, public distancing could be effectively achieved through market behavior, such as
systematically applying discounts that exceed any agreed cap, rather than through explicit

declarations.

Additionally, the Court addressed the extent to which companies using shared algorithmic software
should be “aware” of the software’s internal processes. For instance, if an in-built message or a
technical restriction is issued by the software administrator, can a user claim ignorance, or is
receiving such information sufficient to establish knowledge of concertation? This question is
central to determining a violation of Article 101 TFEU, particularly regarding the existence of a
concerted practice. While the Court left it to national courts to determine whether receipt of a
message alone constitutes sufficient evidence of knowledge, it did affirm that knowledge of

anticompetitive conduct is an essential factor in finding a concerted practice under Article 101.
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Finally, as scholars have noted, several questions remain unanswered, such as the specific liability
of the system administrator and whether a mere price recommendation, rather than a technical

restriction, could be sufficient to establish a concerted practice.*!
3.2. Pricing algorithms as collusive agents: algorithmically-implemented collusion

In recent years, algorithms have evolved from simple execution tools to highly autonomous agents
capable of independent decision-making. In competition contexts, this autonomy has introduced a
new paradigm where algorithms can independently replicate behaviors typical of human collusion,
entirely without human intervention. Although largely theoretical at present, antitrust scholars
have proposed a taxonomy to describe these behaviors.**® Building on this literature, we define
cases in which pricing algorithms act as autonomous agents for collusion as “algorithmically-
implemented collusion”. The first case, algorithmic explicit collusion, involves pricing algorithms
mimicking the formation of an unlawful cartel or concerted practice through mutual interactions
and price signaling within the market. The second, algorithmic tacit collusion, occurs when pricing
algorithms operate independently of human direction or each other, effectively reproducing human

tacit collusion — commonly referred to as oligopolistic interdependence.

Our central claim is that even when acting independently of direct human control, algorithms
remain programmed by humans and function as rational agents. Consequently, their behavior is
often a reflection of human strategic reasoning, tending to replicate patterns typical of human

decision-making in similar contexts.

Both algorithmic explicit and tacit collusion negatively impact consumer welfare. However, to
determine whether they fall within the scope of Article 101 TFEU (and Section 1 of the Sherman
Act), we propose distinguishing between two key questions. The first, pertains to the behavior of
autonomous software, asking whether such conduct violates Article 101 (or Section 1).
Specifically, this requires examining whether autonomous actions by algorithms can be classified
as agreements or concerted practices under these provisions. Once this question is answered

affirmatively, the second issue concerns liability — specifically, the liability of companies, given

47 Lamadrid (n 409).

418 See in particular the Predictable Agent and Digital Eyes scenarios by Ezrachi and Stucke described
above (Section 3).
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that software itself cannot currently be treated as a legally liable entity. This involves determining
whether companies can be held accountable for infringements committed by their algorithms and

identifying the appropriate standard of liability to apply.
3.2.1. Algorithmic explicit collusion
(i) The case

The first form of algorithmically-implemented collusion is what we define as “algorithmic explicit
collusion”, so named because the algorithms effectively replicate human behavior by establishing
a digital cartel or concerted practice. Unlike scenarios involving direct human coordination —
whether through price fixing, output restrictions, or instructions directing algorithms to collude —
algorithmic explicit collusion arises without any prior agreement or contact between human actors.
Instead, each company adopts algorithms independently to serve its economic interests,
unilaterally programming them to achieve specific objectives, such as profit maximization

(definable as “independent algorithmic design”).*1°

However, what characterizes algorithmic explicit collusion is that the software, although
programmed unilaterally, is designed to interact in the market, exchanging price signals and
responding to rivals in a way that can produce a coordinated outcome.*?° Each pricing algorithm
thus operates taking into account its rivals’ reactions (“mutual responsiveness of algorithms” or
“algorithmic concertation”). A common example involves rule-based repricing algorithms, where
the programmer sets a rule, or set of rules, for adjusting prices according to certain parameters,
such as a competitor’s price.*?* For instance, an algorithm might be programmed to always set a
price just below a competitor’s, collecting relevant data and adjusting accordingly to meet this

rule.??

In the case of more sophisticated repricing algorithms, such as self-learning systems, a similar

dynamic occurs. Here, rather than following a strict pricing rule, the algorithm is given a broader

419 Ezrachi and Stucke (n 67) 1790.
420 Gal (n 13) 105-106. See also Filippelli (n 358) 381.

421 Philip Hanspach and Niccold Galli, ‘Collusion by Pricing Algorithms in Competition Law and
Economics’ (2024) Robert Schuman Centre for Advanced Studies Research Paper No. 2024 06 9 available
at <https://ssrn.com/abstract=4732527> (last accessed November 2024).

22 |hid.

121



objective, like profit maximization, which it seeks to achieve through the strategy it learns to be
the most effective.*>® Unless explicitly constrained by the programmer, these systems monitor rival
behavior to optimize their own pricing strategies, namely, they are programmed to interact
dynamically with other algorithms in the market.

In both cases, reciprocal algorithm interactions can lead to supra-competitive equilibria. This can
happen in two ways. First, these interactions may result in what resembles a “digital cartel”, where
algorithms engage in a form of “meeting of the minds”.*?* For instance, imagine two companies
in the event ticket market using rule-based pricing algorithms programmed with a follow-the-
leader pricing rule. When one company’s algorithm raises the ticket price slightly, the other
company’s algorithm detects the change and adjusts its price accordingly, interpreting the increase
as an implicit proposal for mutual price elevation.*?® Through a series of automated adjustments,
prices can stabilize at a supra-competitive level without any need for explicit coordination or

communication at the human level.

Alternatively, these interactions may function with lower intensity, producing a dynamic akin to
an information exchange that results in a concerted practice.*?® As discussed, when algorithms are
transparent — meaning that their decision-making processes, encoded in their software, are
knowable to rivals — this transparency allows each firm to anticipate the pricing decisions of the
other.*?” For example, if two companies use pricing algorithms with transparent, rule-based
programming that aligns with the lowest market price, then each firm knows that a price reduction
by one will prompt an identical response by the other. This predictability effectively makes the
algorithm a “recipe for future actions.”*?® Here, transparency of code acts as a signal or disclosure
of future pricing strategies to rival algorithms. As Gal notes (2019), “[w]hile algorithms generally

do not sign agreements, wink to each other, or nod their consent, they communicate through the

423 Gal (n 13) 106.

424 OECD (n 7) 38 arguing that «[f]or instance, [...] signalling algorithms [...] might result in very fast
iterative change of prices that eventually converge to a common value, resembling an actual negotiation
process between businessmen to implement a collusive agreement».

425 1bid.

426 See Thomas (n 301) 169 defining it as a “technological exchange of information”.
427 Gal (n 13) 84-87. See also para 2.1 above.

428 1bid. 109.
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decisional parameters coded into them. Other firms can then rely on such communications in order

to shape their own actions».*?°

Hence, algorithmic explicit collusion is characterized by two features: independent algorithmic
design — i.e., autonomy from humans — and mutual responsiveness of algorithms/algorithmic
concertation. In this scenario, pricing algorithms can autonomously achieve a collusive
equilibrium through dynamics that mirror either a prohibited human agreement or a concerted
practice through the exchange of competitive information. Unlike algorithmically-facilitated
collusion, this collusive outcome emerges not through human direction but as one of many
potential — and, as will be discussed, sometimes foreseeable — outcomes of algorithmic operation.
This raises the important questions of whether algorithmic explicit collusion fulfills the agreement
(or concerted practice) requirement of Article 101 TFEU and Section 1 of the Sherman Act, and

whether antitrust liability can be assigned given the absence of direct human action.
(it) Implications for antitrust law
(a) The adaptation of the notion of agreement to autonomous algorithmic collusion

The first issue to consider is whether algorithmic explicit collusion infringes Article 101 TFEU
and, in the US, Section 1 of the Sherman Act. As discussed in Chapter 2, Article 101 requires the
existence of an agreement or concerted practice. Similarly, Section 1 demands an agreement “in
restraint of trade” with no offsetting pro-competitive effects. Neither provisions define these
concepts, leaving their meaning to be shaped by case law. Courts in both jurisdictions have
clarified that an agreement is present when there is a “concurrence of wills” or “meeting of minds”
between parties, and while this common intent must be externally manifested in some way, the
exact form and execution of the agreement are immaterial for antitrust purposes. Concerted
practices, on the other hand — a concept explicitly included in the EU Treaty but not in US statutes
— are distinct in targeting subtler forms of coordination, characterized by an element of
concertation (strategic contracts between competitors), parallel market behavior, and a causal link

between the two.

429 1bid.
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Additionally, courts in both jurisdictions have ruled that purely independent — where competitors
act without regard to each other’s actions — and interdependent behavior — where firms consider

how others may react — fall outside the scope of antitrust provisions on agreements.

These definitions of “agreement” and “concerted practices” have been shaped with human
behaviors in mind.**° This is evident with the “meeting of minds” standard, which presumes an
intentional mental state only achievable by human actors.*3! Setting aside the emerging potential
of Al-driven software to develop reasoning capabilities akin to human thought (“theory of mind”),
algorithmic explicit collusion raises the question of whether legal concepts traditionally tied to
human behavior are flexible enough to encompass non-human actions, , i.e., actions autonomously
executed by software. In other words, where pricing algorithms engage in mutual interactions that
mirror the formation of an unlawful agreement or concerted practice, resulting in a supra-
competitive equilibrium, we must consider whether such arrangements could fall under the
purview of Article 101 TFEU and Section 1 of the Sherman Act.

The prevailing view in this regard is that «the existing taxonomy is generally sufficiently broad as
to capture [algorithmic] interactions».#*? Scholars argue that the mechanisms underlying
algorithmic interactions leading to collusive outcomes can be encompassed within the scope of
Article 101 TFEU and Section 1 of the Sherman Act. Gal was among the first to advocate
convincingly for this position in her paper Algorithms as lllegal Agreements, suggesting that
algorithmic interactions could be considered agreements by interpreting Section 1 of the Sherman
Act. Just as humans «[get] together and [exchange] assurances of common action», so «algorithms
“get together” in cyberspace. They make use of conditions in the digital world that enable them to
observe and react to each other, and that make signaling, information transfer, and exchange of

assurances easier».*33

Gal proposes redefining the “meeting of minds”, traditionally associated with human actors, as a

“meeting of algorithms”,*** thus extending the notion of agreements to include algorithmic

430 Gal (n 13) 97.
431 Ibid. 107.

432 Gal (n 13) 107; Manzini (n 363) 171; Calzolari (n 82) 1211.
433 Gal (n 13) 109.
434 Actually, this expression has been explicitly used by OECD (n 7) and Colangelo (n 83) 6.
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behavior: «[a]lgorithms cannot have a mental state of “intent,” or any mental state, for that matter.
Yet it might be claimed that algorithms intend to reach a certain goal by using a certain strategy,
including reaching a coordinated equilibrium with other algorithms».*3 This interpretation aligns
with EU and US antitrust law, which lack rigid definitions of “agreement”, enabling a flexible
application to novel scenarios like algorithmic collusion. Additionally, the longstanding liberal
interpretation of the “agreement” concept by courts to all forms of prohibited cooperation, from

the most manifest and evident to the subtlest, is a further element supporting this thesis.*%®

If antitrust authorities can prove interactions between algorithms resulting in supra-competitive
equilibria, Section 1 of the Sherman Act or Article 101 TFEU could be teleologically interpreted
to address explicit algorithmic collusion. Alternatively, if no “meeting of algorithms” can be
established, the use of transparent algorithms might still be deemed an exchange of information
prohibited by antitrust law.**” As Gal notes «the case law suggests that the mere exchange of
commercially sensitive information to another party, which influences the action of the recipient,
suffices. Algorithms perform this function. Can an algorithm communicate a conscious
commitment to a common theme? Definitely yes. As elaborated above, a transparent algorithm
can serve as a recipe for future action, including the price to be paid for deviations, which act as
explicit threats of punishment. Employing the algorithm in practice translates such a commitment

into actions».*38

There are several ways in which this conduct could be brought within the scope of antitrust law.
In the US, as discussed by Gal, the use of transparent algorithms could be interpreted as an
agreement to exchange strategic information, punishable under Section 1 of the Sherman Act
according to the per se rule. The mutual transparency of pricing software parameters could
effectively constitute an exchange of information about future pricing behavior. In such cases, it
is not the supra-competitive outcome produced by the algorithms that would be targeted as a price-

fixing agreement, but rather the agreement to exchange sensitive information itself. Nevertheless,

435 Gal (n 13) 107.

438 For a more skeptical view, see Harrington (n 13) 348, who argues that a “meeting of the minds” requires
a mutual understanding that pricing algorithms cannot achieve. To support this claim, Harrington draws on
John Searle’s renowned Chinese Room Argument.

7 Filippelli (n 358) 393.

438 Gal (n 13) 109.
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based on precedent, US antitrust courts might still infer a price-fixing agreement from such

exchanges if evidence demonstrates the resulting impact on market prices.**

Alternatively, the unilateral use of transparent algorithms could be classified as an invitation to
collude — a unilateral facilitating practice involving the disclosure of information about future
prices or quantities to reduce strategic uncertainty in the market. This conduct could fall under
Section 5 of the FTC Act, which addresses unfair methods of competition without requiring an
explicit agreement.**° However, as established in Ethyl, liability under Section 5 requires proof of
either: (1) anticompetitive intent or purpose by the defendant, or (2) the absence of an independent

legitimate business justification.

Finally, several scholars suggest that the issue of algorithms serving as “recipes for future actions”
can be addressed through the doctrine of plus factors,**! also referred to as the “parallelism plus
doctrine”.**? This framework serves to distinguish mere conscious parallelism — legal under
antitrust law — from unlawful collusion. It does so by requiring evidence of “something more”
beyond parallel conduct, typically communication between firms, to prove the existence of
collusion under Section 1 of the Sherman Act. In cases of algorithmic explicit collusion, this
doctrine implies that when price parallelism is accompanied by evidence of interacting algorithms,
such interactions could be considered sufficient proof of concertation.

More simply, in the EU, algorithmic explicit collusion involving transparent algorithms would
likely fall under the broad concept of concerted practice. Here, the unilateral disclosure of strategic
information by transparent algorithms, without subsequent public distancing, could qualify as a
concerted practice under Article 101 TFEU. Alternatively, the use of signaling algorithms may
serve as evidence of “direct or indirect contact”, one of the “building blocks” of a concerted

practice, alongside price parallelism.*4®

439 Ghezzi and Maggiolino (n 167) 682.
440 Ezrachi and Stucke (n 67) 1794.

41 Gal (n 13) 110-115.

442 For this expression see Filippelli (n 213).

443 See Calzolari (n 82) 1211, arguing that «one should consider that when an undertaking requires its self-
learning algorithm to monitor market conditions (i.e., competitors’ prices) in order to set and dynamically
update prices, the undertaking is basically asking its algorithm to track the information publicly disclosed
online by its competitors in order to reduce the former’s uncertainty regarding the current and future
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Consequently, the prevailing view in academic literature is that antitrust provisions on
anticompetitive arrangements (and, more generally, antitrust law) are sufficiently comprehensive
to encompass algorithmic explicit collusion. The absence of a strict definition of “agreement” or
“concerted practice” in EU and US frameworks allows for the adaptation of these concepts to
algorithmic interactions that mimic human behavior. Given that these frameworks have previously
addressed subtler forms of cooperation, there seems to be no principled reason why similar
approaches cannot be applied to algorithmic collusion, especially given its detrimental impact on

consumer welfare.

Thus, any decision by courts to adopt a narrower interpretation is likely to reflect political
considerations rather than legal or economic obstacles.

(b) The liability of firms

Any branch of law that examines the behavior of autonomous software inevitably grapples with a
pivotal question: Who is responsible for actions taken by systems that operate independently of
human control? This issue is not just theoretical but increasingly practical as technology integrates

into daily life.

Take self-driving cars, for instance, which exemplify this dilemma in a way that is relatable to the
general public. Imagine an autonomous vehicle running a red light and causing an accident. Is the
manufacturer liable for flawed programming? Is it the owner of the car who set it in motion? Or

could it be the developers who trained the AI?444

behaviours of the latter. Since many — if virtually not all the — undertakings are likely to use similar
automatic software programmes for the purpose of adjusting their own prices to those of their competitors,
it seems tenable to conclude that algorithms indeed engage in some form of contact — if not proper
communication — among themselves which result in the replacement of un-certainty with mutual
knowledge». See also Manzini (n 363) 172; and, similarly, Inderst and Thomas (n 371) 29, arguing that
«[a]lgorithms might find different ways of using price signals as a means of practical communication as to
what is possible or likely for humans. Such cases should, therefore, also be viewed in the light of the existing
decisional practice on the potential unlawfulness of public exchange of information and on the basis of the
legal theory about the distinction between explicit and tacit collusion as outlined above».

444 These questions are no longer speculative; cases of this nature have already entered courts, as in Uber’s
autonomous vehicle accident in 2018, which tragically resulted in a fatality. Here, debates centered around
whether the vehicle’s system, the safety operator inside, or Uber itself bore responsibility. See Rafaela
Vasquez, ‘The Legal Saga of Uber’s Fatal Self-Driving Car Crash is Over’ (Wired, 28 July 2023) available
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In the context of antitrust law, the issue emerges with particular intensity in cases of infringements
committed by autonomous software, as in the case of algorithmic explicit collusion.**> Once such
conduct is established as a breach of Article 101 TFEU (e.g., treating algorithmic interaction as
equivalent to a “meeting of minds™), the challenge shifts to enforcement.**® Who should be held
liable for the anticompetitive effects of the algorithm? We assume existing legal frameworks do
not permit direct accountability for software itself,**’ which prompts consideration of whether
liability should fall on the company deploying the algorithm, the developers responsible for its

design, or potentially both.**® In the following, we focus specifically on firms’ liability.

The OECD, in its report on algorithms and collusion, highlights «the challenges of attributing
antitrust liability to individuals when commercial strategies are delegated to an algorithm and
humans have no ability to influence the way in which such decisions are taken».**° Indeed, «as Al
develops further, the links between the agent (the algorithm) and its principal (the human being)
become weaker and the ability of algorithms to act and price autonomously puts in question the

liability of the individuals or firms who benefit from the algorithm’s autonomous decisions».**

at  <https://www.wired.com/story/ubers-fatal-self-driving-car-crash-saga-over-operator-avoids-prison/>
(last accessed November 2024).

445 By contrast, it is quite evident that when software operates as a mere tool, faithfully executing the
instructions it has been programmed to follow by a company, its actions are directly attributable to that
company. See OECD (n 7) 39; and Manzini (n 363) 176-177.

#6 In contrast, if one adopts Harrington’s view that pricing algorithms are incapable of achieving a meeting
of the minds, then cases of algorithmic explicit collusion would not constitute an infringement of Article
101 TFEU or Section 1 of the Sherman Act: «[g]iven no agents—human or artificial—in those firms have
a “meeting of minds,” the firms do not have an agreement and thus have not violated Section 1 of the
Sherman Act». See Harrington (n 13) 347-348.

447 Manzini (n 363) 178; and Inderst and Thomas (n 371) 22.

48 In a similar vein, see Mehra (n 2) 1366 arguing that «[i]n dealing with a robo-seller that takes
anticompetitive actions there are three choices in attributing responsibility: to the robo-seller itself, to the
humans who deploy it, or to no one. The choice really comes down to the first two options, as choosing the
third option—no liability—would essentially provide immunity to anticompetitive conduct and results
achieved through automation. Such a choice of inaction does not accord with competition law based on
efficiency and the error-cost framework; the decision to do nothing would clash starkly with the current
logic and assumptions on which contemporary antitrust law has been tailored and justified».

49 OECD (n 7) 39.

%0 Ibid.
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Taken to its extreme, this argument posits that «the autonomous decision taken by the algorithms
interrupts the causal link between the conduct of the undertakings (i.e., the decision to use a pricing
algorithm designed to maximize profits) and the anticompetitive effects (i.e., the alignment of
prices at a supra-competitive level)».*! Since the software was not programmed to collude, but
acted autonomously from the human being, the company could not be reasonably held accountable
simply for designing it. This argument has been provocatively compared to blaming a gun

manufacturer for crimes committed with its products.*>

However, the no-liability approach is ultimately indefensible. Such a stance would lead to
inefficient outcomes, effectively granting companies immunity for antitrust violations carried out
by their algorithms. To avoid this untenable result, the prevailing view among antitrust
policymakers and scholars is that companies must bear responsibility for antitrust violations

committed by their autonomous software.

This principle was clearly articulated as early as 2019 by Margrethe Vestager, the European
Commissioner for Competition, who asserted that companies cannot shield themselves from
liability by attributing anticompetitive behavior to algorithms.**® This stance has since been
reinforced in the EU Horizontal Guidelines, which state that: «firms involved in illegal pricing
practices cannot avoid liability on the ground that their prices were determined by algorithms. Just
like an employee or an outside consultant working under a firm’s “direction or control”, an
algorithm remains under the firm’s control, and therefore the firm is liable even if its actions were

informed by algorithms».*>*

1 Calzolari (n 82) 1203-1204.

452 Monika Zdzieborska, ‘Brave New World of ‘Robot” Cartel?” (Kluwer Competition Law Blog, 7 March
2017) available at <https://competitionlawblog.kluwercompetitionlaw.com/2017/03/07/brave-new-world-
of-robot-cartels/#_ftn3> (last accessed November 2024).

43 Margrethe Vestager, Algorithms and competition, Speech at Bundeskartellmt 18" Conference on
Competition, Berlin, 16 March 2017 available at <https://ec.europa.eu/newsroom/comp/items/55994/en >
(last accessed November 2024).

54 Horizontal Guidelines, para 379. In the same way, see UK Competition and Markets Authority (n 365)
para 8.27.
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This approach aligns the liability of companies for autonomous software with the traditional
framework governing companies’ antitrust liability for employee misconduct.**® Just as companies
are held accountable for antitrust violations committed by their employees, they are similarly
responsible for unlawful actions autonomously executed by their software.**® The rationale is
straightforward: companies are best positioned to prevent antitrust infringements because they
control the tools and structures — hiring, training, goal-setting, and internal culture — that influence
behavior.**” By analogy, they also control the development — except in cases where the software
is developed by a third party — implementation, and monitoring of algorithms. Furthermore, as

Calzolari notes, it is reasonable for companies to bear the costs of unforeseen negative externalities

%5 In EU antitrust law, employees are generally not regarded as independent undertakings because they
perform their activities within and on behalf of the undertaking employing them, and thus they are
considered an integral part of the economic unit constituted by that undertaking. Consequently, any conduct
by employees that violates antitrust laws is automatically attributed to the undertaking under a strict liability
framework. This means that the undertaking’s liability persists irrespective of whether it was aware of the
violation, whether the employees acted contrary to explicit instructions, or whether they operated
independently of the company’s directives. See VM Remonts paras 23-24; and Okeoghene Odudu and David
Bailey, ‘The Single Economic Entity Doctrine in EU Competition Law’ (2014) 51 Common Market Law
Review 1721, 1744-1745.

4% Filippelli (n 358) 390; and Inderst and Thomas (n 371) 22. See also Manzini (n 363) 176-181. However,
the author distinguishes between two scenarios: one where collusive pricing is achieved through algorithms
that execute company instructions (referred to as “predictable agent” algorithms) and another involving
self-learning algorithms that operate autonomously. In the first scenario, the software functions merely as
a tool of the company, making the company’s liability straightforward. This would align with established
case law on corporate liability for the anti-competitive actions of employees. In contrast, in the second the
relationship between the company and the software is more akin to that between a principal and a
commercial agent who does not bear the financial and commercial risks associated with selling products or
executing contracts with third parties. In such cases, the company that delegates pricing decisions to a self-
learning Al system acts as the principal, while the algorithm performs the “negotiation” function typical of
an agent. The algorithm “decides” prices based on market conditions but does so in the name and interest
of the company.

Either way, in the end, the outcome in both scenarios is the same: the conduct of the employee or the
commercial agent —who does not bear financial risks — is attributable to the employer or principal company.
EU jurisprudence supports this view, holding that commercial agents who are insulated from financial and
commercial risks are considered part of the same economic entity as the company they represent, much like
employees.

457 Odudu and Bailey (n 455) 1744-1745.
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caused by their algorithms, as they also reap the benefits of these tools until regulatory intervention

occurs.*%8

Despite this consensus on the attribution of liability to the company, the appropriate standard to
be applied to infringements committed by its software — strict liability or fault-based liability —
remains contested.**° In the EU, antitrust liability traditionally operates under a quasi-strict liability
standard. This means that companies are generally held liable for violations of Articles 101 and
102 TFEU based on the existence of unlawful conduct, regardless of intent or fault. Intent plays

only a minor role, such as in determining fines, and is not a prerequisite for establishing liability. 46

Under this framework, some scholars argue that strict liability should similarly govern antitrust
violations involving autonomous algorithms.** This would imply that companies could be held
liable purely for the existence of a collusive outcome facilitated by their algorithms, even if they
were unaware of the software’s capacity to produce such effects. The evidentiary implications of
this standard are significant: antitrust authorities would only need to demonstrate the existence of
a collusive equilibrium facilitated by algorithmic interaction to establish a rebuttable presumption
of a concerted practice. The burden of proof would then shift to the companies to demonstrate
either the absence of a concerted practice or the applicability of the exemption criteria under
Avrticle 101(3) TFEU.*%2

Conversely, under a fault-based liability standard, when autonomous software is not explicitly
programmed to collude but can achieve a collusive equilibrium through mutual interactions,
liability would attach to the company only if it is demonstrated that the collusive outcome was
reasonably foreseeable — meaning it fell within the predictable range of the algorithm’s possible

outcomes. This approach would require antitrust authorities pursuing a violation of Article 101

4%8 Calzolari (n 82) 1219.

%9 Filippelli (n 358) 390-391.

460 See Case 85/76 Hoffmann-La Roche & Co. AG v Commission [1979] ECR 1979-461, para 91.
461 Calzolari (n 82) 1212.

462 Ibid.
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TFEU to prove not only the existence of the violation but also that the company foresaw or

reasonably could have foreseen the specific collusive result.*63

Each model of antitrust liability attribution has its advantages and disadvantages. Strict liability,
on one hand, represents a lower and broader standard, capable of encompassing even collusive
outcomes that are unforeseeable ex ante by firms. The idea is that «the firm assumes the risk of
the algorithm’s anticompetitive decisions by opting to use it in the first place and will always be
responsible for what its algorithm does».*%* Under this standard, companies would be held
accountable even for actions carried out by deep learning algorithms — so-called “black boxes” —
whose strategic decisions and processes are neither predictable ex ante nor reconstructable ex post.
This approach would effectively capture all cases of collusive outcomes resulting from pricing
algorithms, thereby eliminating enforcement gaps. Moreover, it would ease the evidentiary burden
on antitrust authorities. Indeed, demonstrating fault under a foreseeability-based standard would
require an in-depth examination of the software’s programming to determine whether it operates
as a black box. Therefore, given that antitrust authorities could still lack the expertise to analyze
algorithms’ codes, adopting strict liability could also enhance efficiency by avoiding the need for

significant investment in technical training or hiring specialized staff.

On the negative side, however, the same standard could have the effect of completely discouraging
companies from adopting algorithmic pricing software, with a chilling effect on innovation.*6®
Hence, from this perspective, a fault-based liability standard, while narrower — excluding
unforeseeable collusive outcomes — might be considered fairer to companies, as it would shield
them from liability for outcomes beyond their control. As a consequence, firms would not be held
responsible for collusive outcomes generated by black-box algorithms. Nonetheless, this solution
is problematic. Not only would it create an inefficient enforcement vacuum, as noted, but it might

also incentivize companies to adopt increasingly opaque algorithms to evade liability.

463 However, as Filippelli notes, a fault-based liability standard would be easily satisfied by the inherent
characteristics of certain pricing algorithms, such as the rule-based repricing algorithms described above.
See Filippelli (n 358) 393.

464 Simonetta Vezzoso, ‘Competition by Design’ in Bjérn Lundqvist and Michal S. Gal (eds), Competition
Law for the Digital Economy (Edward Elgar 2019) 93.

465 Ibid. and Autorité de la Concurrence and Bundeskartellamt (n 68) 57.
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We argue instead for an objective liability regime, consistent with the traditional approach to
antitrust enforcement. Just as companies are held accountable for their employees’ actions, even
when those actions deviate from instructions, they should likewise be responsible for the
autonomous — and often unpredictable — actions of their software. Furthermore, as will be explored
in Chapter 4, companies ultimately benefit from the collusive outcomes generated by algorithms.
While a fault-based standard may not be appropriate for assigning liability, it could still serve as a
basis for calibrating sanctions.*®® This approach would strike a balance, enabling antitrust
authorities to impose remedies while accounting for the extent of control companies exercise over

their algorithms.
3.2.2. Algorithmic tacit collusion
(i) The case

The latest frontier of algorithmic collusion — namely, algorithmic tacit collusion — is arguably the
trickiest one. This is not much (or not only) due to the market dynamics it involves but mostly
because of its divisive nature among antitrust scholars. For some, it remains a speculative
phenomenon, verging on science fiction; for others, it is a present and pressing issue, already
shaping competitive realities.

Without taking a stand on this debate, algorithmic tacit collusion refers to the capability of pricing
algorithms to autonomously and unilaterally learn to collude — namely, without human intervention
(i.e., independent algorithmic design) and absent any reciprocal interactions (i.e., no mutual
responsiveness).*®” To put it simply, in this scenario, algorithms mimic the behavior of oligopolists
who coordinate prices at supra-competitive levels without entering into an agreement or concerted
practice, instead adapting intelligently to prevailing market conditions.*®® In this sense, algorithmic

tacit collusion can be seen as the “digital twin” of human tacit collusion.

466 See Council Regulation (EC) No 1/2003 on the implementation of the rules on competition laid down
in Articles 81 and 82 of the Treaty [2002] L1/1, Article 23 which requires intent or negligence for the
Commission to impose fines on undertakings. See also Inderst and Thomas (n 371) 22.

7 Filippelli (n 358) 384.
468 |bid.
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The first scholars to theorize this scenario were Ezrachi and Stucke, who identified two distinct
forms of tacit collusion: Predictable Agent and Digital Eye. While these scenarios have been

analyzed in detail earlier, it is worth revisiting their key differences here.

In the Predictable Agent scenario, the widespread but independent use of pricing software in the
market creates conditions conducive to tacit collusion, with market transparency being a critical
factor. Companies recognize — or can reasonably predict — that by unilaterally adopting pricing
software, and assuming others follow suit, a collusive market equilibrium could emerge.*® Thus,
while there is no formal agreement or concerted practice among companies in this context, the

authors contend that a trace of intent can still be discerned.

In contrast, the Digital Eye scenario eliminates even this trace of intent. Ezrachi and Stucke
describe it as follows: «in this last category, we assume that the computer is set a target such as
the maximization of profit, optimization of performance, etc. The algorithm — using advanced
neural networks — then operates autonomously to achieve the target. The actions of the algorithm
are governed by limiting principles which prohibit illegal activity such as price fixing or market
sharing. Subject to these restrictions, they do, however, allow self-learning and experimentation.
In this category, we consider the possibility that a self-learning machine may find the optimal
strategy is to enhance market transparency and thereby sustain conscious parallelism or foster price
increases. Importantly, tacit coordination — when executed — is not the fruit of explicit human

design but rather the outcome of evolution, self-learning, and independent machine execution».*’

The key distinction in the Digital Eye scenario is that the algorithm developers are not intentionally
seeking to achieve tacit collusion, nor can they predict its occurrence, duration, or likelihood. There
is no deliberate intent or effort by the developers or users of the algorithm to facilitate conscious

parallelism. Instead, firms rely solely on Al systems to manage pricing decisions.*’

This second hypothesis was recently confirmed through empirical experimentation. In their study

involving Q-learning algorithms — a form of Al based on reinforcement learning — Calvano et al.

469 As the authors explain, tacit collusion operates on two distinct levels: the human level, where algorithms
are configured, and the machine level, where algorithms independently achieve a supra-competitive
equilibrium. See Ezrachi and Stucke (n 67) 1790-1791.

410 1bid. 1795.
41 bid.
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demonstrated that such software can tacitly learn to collude, even without explicit instructions or
direct communication. When repeatedly interacting in simulated environments designed to
replicate real-world markets, these algorithms, through trial and error, discover that the most
rational strategy is to coordinate prices.*’2 This process involves signaling and responding to each
other's actions, penalizing deviations from the coordinated price, and gradually returning to pre-
deviation price levels over time, much like human collusion.*”® Their findings show that tacit
collusion emerges in a symmetric duopoly model with deterministic demand. However, the
propensity to collude persists as the number of firms increases (up to four) and even in less

favorable conditions for collusion, such as asymmetry among firms or a stochastic environment.*’*
What insights can we derive from these empirical studies?

First, the experiment highlights that the algorithms capable of achieving tacit collusion are the
more advanced systems based on Al, particularly its subfields of machine learning and deep
learning. Unlike rule-based pricing algorithms, which adhere to a predefined set of rules, these
systems autonomously learn optimal strategies through experience, without explicit human
guidance. In doing so, they can conclude that the most rational course of action is tacit collusion,
I.e., achieving a supra-competitive equilibrium purely through interdependence. This distinguishes
algorithmic tacit collusion from algorithmic explicit collusion: in the latter, collusion arises from
mutual interactions replicating a cartel or concerted practice, whereas in the former, there are no

interactions that amount to a “meeting of minds” or digital concerted practice.

Another defining characteristic of algorithmic tacit collusion seems to be the lack of explainability
in the algorithms involved. These systems function as “black boxes”, with their decision-making
processes opaque or untraceable. The only observable elements are the inputs and outputs, making
it impossible to predict outcomes beforehand or reconstruct the decision-making process
afterward.*” As noted by the OECD, the consequence is that «by relying on deep learning, firms

may be actually able to reach a collusive outcome without being aware of it, raising complex

472 Calvano et al. (n 69) 3268.
473 1bid.

474 1bid.

415 OECD (n 7) 32.
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questions on whether any liability could ever be imposed on them should any infringement of the

law be put in place by the deep learning algorithm».*7®

Second, the likelihood of tacit collusion increases in market conditions traditionally conducive to
such behavior — high concentration, symmetry, and predictable demand. However, experiments
also indicate that algorithmic tacit collusion can occur in less favorable scenarios, such as markets
with lower concentration or stochastic conditions. This suggests that algorithms may
autonomously reach collusive outcomes even in markets where human tacit collusion would be

unlikely or unsustainable.

Thus, when pricing decisions in a market are fully delegated to machine learning systems and the
economic conditions conducive to tacit collusion are present, the risk arises that pricing algorithms
could autonomously and unilaterally determine that the optimal strategy is to coordinate and
maintain higher prices. Moreover, some argue that such collusive outcomes might occur even in

markets where traditional factors would not support collusion.*”
(ii) Implications for antitrust law

The question remains whether algorithmic tacit collusion can be brought within the scope of
Article 101 TFEU and Section 1 of the Sherman Act.*’® In our view, the analysis should proceed
as follows: algorithms that act autonomously, without explicit instructions to collude, tend to
replicate human collusive behavior — whether explicit (such as the conclusion of prohibited
agreements or the implementation of concerted practices) or tacit (such as oligopolistic
interdependence). Since algorithms mimic human behavior, it seems logical to apply the same

rules to algorithmic collusion as are applied to human collusion.

Now, in cases of algorithmic explicit collusion, we have explored the possibility of applying
antitrust rules prohibiting agreements or concerted practices, just as they would if the same

behaviors were carried out by human agents. However, when it comes to algorithmic tacit

476 |bid. See also Thomas (n 301) 170.
417 Filippelli (n 358) 394.

478 \We do not address whether tacit algorithmic collusion could be targeted under other antitrust provisions.
These considerations will be explored in the following Chapter 4.
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collusion, following the same logic leads to the conclusion that such practices should be lawful

under existing antitrust frameworks in both the EU and the US.#"

Indeed, as we have repeatedly emphasized, antitrust laws in these jurisdictions addresses only
conduct that result from concertation between firms. A core requirement for applying Article 101
TFEU or Section 1 of the Sherman Act is the existence of an agreement or a concerted practice.
Consequently, collusive outcomes that do not result from such concertation fall outside the scope

of these antitrust provisions.

This leads to a simple syllogism:

Premise 1: Algorithmic tacit collusion replicates human tacit collusion.
Premise 2: Human tacit collusion is lawful.

Conclusion: Algorithmic tacit collusion is also lawful.

As Gal aptly notes, «[a]ny other rule would unjustifiably differentiate between algorithms and

humanss». 480

If algorithmic tacit collusion is deemed legitimate, the issue of attributing liability does not arise.
Put simply, without a violation of antitrust law — whether by the firms or the software — liability
cannot be established. Consequently, the analysis concludes at the initial step: determining whether

a violation has occurred.

While these serve as logical starting points, they are not immune to criticism. First, one might
challenge this approach to tacit collusion in general. A longstanding critique is that tacit collusion
— whether human or algorithmic — creates significant inefficiencies because antitrust rules fail to

capture the negative effects on consumer welfare, often referred to as the “oligopoly problem”.

49 Gal (n 13) 106.

480 Gal (n 13) 106-107. To be precise, the author distinguishes between two scenarios. In the first, tacit
collusion is possible both with and without algorithms — in other words, the adoption of pricing algorithms
does not alter the feasibility of tacit collusive strategies. In the second, tacit collusion was not feasible before
the introduction of pricing algorithms, which make it possible by enhancing both the ability and the
incentives to coordinate. Based on this distinction, only in the first scenario would it be appropriate to regard
algorithmic tacit collusion as legitimate, akin to human collusion. In the second scenario, instead, it would
be necessary to evaluate whether the use of algorithms constitutes a facilitating practice.
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Second, one could challenge the assumption that algorithmic tacit collusion and human tacit
collusion are identical.*8! Unlike traditional tacit collusion, algorithmic collusion may emerge in
less “ideal” market conditions, potentially broadening the scope of the oligopoly problem across a
wider range of scenarios. Additionally, algorithmic tacit collusion could prove to be more stable,
easier to achieve and more sophisticated than its human counterpart.*®? This could prompt a
reconsideration of the reasons why human tacit collusion is tolerated and not penalized, and it may

lead to the identification of new solutions to address it.

In this sense, algorithmic tacit collusion provides an opportunity to reopen the debate on tacit
collusion and the broader issue of oligopolies. These considerations will be explored in greater
detail in the next chapter, which will demonstrate why algorithmic tacit collusion is fundamentally

distinct from human tacit collusion, argue for its prohibition, and propose appropriate remedies.
4. Conclusions

Pricing algorithms can influence collusion in two principal ways. First, they exert an indirect effect
by reinforcing the economic conditions conducive to collusion and bolstering other factors
essential for the stability of collusive arrangements. In this sense, algorithms facilitate the
maintenance and likelihood of collusive outcomes across markets.*®3 Furthermore, they contribute
to blurring the boundary between unlawful explicit collusion and lawful tacit coordination, thereby
enabling firms to sustain supra-competitive profits without necessarily entering into an agreement

or engaging in concerted practices.*8*

Second, pricing algorithms may play a direct role in collusion, either by assisting human-devised
schemes or by acting autonomously — both instances falling within the broader concept of
algorithmic collusion. Within this framework, we identified two categories of relevant conduct:
algorithmically-facilitated or enabled collusion, in which algorithms are employed as tools to

8L As done by Calzolari (n 82) 1195, arguing that «while in the analogical scenario undertakings act
rationally on the basis of existing markets conditions, in the digital scenario undertakings actively and
consciously contribute to the creation of the conditions allowing their rational algorithms to “tacitly”
collude. This difference should be duly considered in the context of the imputability of such conduct and
its scrutiny under antitrust rules».

82 Filippelli (n 358) 394.

483 OECD (n 7) 20.

484 |bid. 25.
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implement collusive strategies devised by humans; and algorithmically-implemented collusion, in
which algorithms function independently as agents of coordination. Although the plausibility of
these scenarios is not assessed here, their practical manifestations are delineated and, more
importantly, their legal treatment under Article 101 TFEU and Section 1 of the Sherman Act is

examined.

In cases of algorithmically-facilitated or enabled collusion, the application of competition law
remains unproblematic, as the algorithms are instruments of human will used to execute anti-
competitive strategies. Nonetheless, by rendering collusion more discreet, durable, and

widespread, algorithms may increase the enforcement burden on competition authorities.

By contrast, when pricing algorithms operate autonomously, the application of existing antitrust
provisions becomes more complex. This complexity is exacerbated by the challenge of attributing
legal responsibility, as software lacks legal personality and may operate without direct human
oversight. However, we maintain that where a breach of Article 101 TFEU (or Section 1 of the
Sherman Act) is established, liability should be imputed to the undertaking deploying or
administering the software. This approach is consistent with established principles whereby
undertakings are held accountable for infringements committed by their employees or

representatives.

Our claim is that autonomous pricing algorithms tend to replicate patterns of human collusive
behavior. This gives rise to two distinct forms of conduct: algorithmic explicit collusion, where
algorithms imitate unlawful cartel formation or concerted practices; and algorithmic tacit

collusion, where they emulate human tacit coordination.

In this context, a clear enforcement principle should prevail: practices deemed unlawful in
traditional (offline) markets should equally be considered unlawful when implemented via
algorithms, and vice versa.*® Accordingly, algorithmic explicit collusion ought to be sanctioned
under existing antitrust provisions, which are sufficiently adaptable to encompass digital analogues

of “meetings of minds” and concerted practices via price signaling. Conversely, algorithmic tacit

485 Horizontal Guidelines, para 379.
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collusion, much like its human counterpart, would remain outside the scope of current prohibitions

under prevailing legal doctrine.

Nevertheless, we argue that the specific characteristics of algorithmic tacit collusion revive the
longstanding “oligopoly problem” and reanimate the broader antitrust debate concerning the
treatment of tacit coordination. In light of these developments, both traditional and novel remedies
deserve consideration to confront the challenges posed by pricing algorithms in reinforcing tacit

collusion.
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CHAPTER 4

REMEDIES FOR ADDRESSING ALGORITHMIC TACIT COLLUSION: BETWEEN
ANTITRUST AND REGULATION

1. Introduction: Why algorithmic tacit collusion differs from human tacit collusion (and it warrants
prohibition) — 2. Antitrust remedies — 2.1. De iure condito remedies — 2.1.1. “Objectivized”
interpretation of Article 101 TFEU — 2.1.2. Abuse of collective dominance under Article 102
TFEU — 2.1.3. Merger control — 2.1.4. Market studies and market investigations — 3. Regulatory
remedies — 3.1. De iure condendo remedies — 3.1.1. Compliance by design — 4. Introducing the

concept of “outcome visibility” — 5. Conclusions

1. Introduction: Why algorithmic tacit collusion differs from human tacit collusion (and it

warrants prohibition)

In the previous chapter, we concluded that certain forms of algorithmic interactions in the market
—namely, algorithmic tacit collusion, where software replicates human tacit collusion — fall outside
the current scope of antitrust rules on agreements and concerted practices (namely, Article 101
TFEU and Section 1 of the Sherman Act). The reasoning is straightforward: unlike algorithmic
explicit collusion, which involves some form of digital communication or coordination,
algorithmic tacit collusion does not entail any agreement or concerted practice, not even in a digital
form. As such, legal provisions addressing collusion, which rely on the presence of cooperative

conduct, are inapplicable.

At first glance, this conclusion should not come as a surprise. As previously noted, although the
exclusion of tacit collusion (also referred to throughout this work as “oligopolistic
interdependence” or “conscious parallelism”) from the ambit of competition law is subject to
scholarly debate, it remains a settled legal principle that supra-competitive outcomes achieved
without a demonstrable agreement or concerted practice do not fall within the reach of Article 101
TFEU or Section 1 of the Sherman Act. As discussed in Chapter 2, this principle rests on two
foundational assumptions. First, tacit collusion is regarded as the result of firms acting

independently in response to prevailing market conditions — a rational and predictable behavior in
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oligopolistic settings.*® Accordingly, antitrust law cannot require firms to act against their own
economic interests. Second, tacit collusion is thought to emerge only in highly specific and often
idealized market environments — those characterized by a small number of firms, high
transparency, product homogeneity, and stable demand — rendering its real-world occurrence both
rare and theoretically contingent. On this basis, some level of tacit collusion has historically been

tolerated under competition law.*®’

If one accepts the premise that algorithmic tacit collusion is merely the digital equivalent of its
human counterpart, then it logically follows that the same legal treatment should apply — namely,
that both should remain lawful under the current framework. The legal exclusion of human tacit
collusion would then extend, by analogy, to its algorithmic manifestation.

This parallel, however, breaks down if one questions whether algorithmic tacit collusion is truly
analogous to human tacit collusion. In other words, the conclusion depends on the validity of this
presumed equivalence. On closer inspection, there are compelling arguments to suggest that
algorithmic tacit collusion exhibits distinct characteristics. Importantly, these distinctions do not
necessarily support the claim that algorithmic tacit collusion should be reclassified as concerted
behavior. Some scholars, however, maintain that what is labeled as tacit algorithmic collusion
might, in fact, amount to unlawful coordination and thus fall within the ambit of Article 101 TFEU.

For instance, Calzolari argues that while traditional tacit collusion stems from firms’ independent
and rational adaptation to existing market conditions, algorithmic pricing tools — especially those
programmed to optimize profit through dynamic monitoring and reaction — may actively shape
market conditions conducive to collusion. In this view, algorithms do not merely reflect collusive
tendencies; they enable them. By embedding coordination-facilitating features into algorithmic
design, firms arguably introduce a degree of intentionality that aligns more closely with concerted
practices than with spontaneous oligopolistic interdependence. Along similar lines, Gal contends
that the deployment of pricing algorithms should be regarded as a facilitating device capable of

triggering liability under Article 101.%8 This line of reasoning draws algorithmic behavior closer

8 Turner (n 178) 666.
87 Manzini (n 363) 169.
48 Gal (n 13) 99-117.
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to the notion of facilitating practices or even concerted practices, where the boundary between

lawful interdependence and unlawful coordination becomes increasingly thin.*&

While we partially agree with Calzolari’s thesis, we adopt a more nuanced stance. We argue that
the scenarios described — where algorithms are intentionally designed to interact and optimize in
ways that replicate coordinated outcomes — are better understood as instances of algorithmic
explicit collusion, rather than tacit collusion in the strict sense. In such cases, a purposive
interpretation of Article 101 TFEU (and Section 1 of the Sherman Act) would be justified and
appropriate. However, we contend that pure algorithmic tacit collusion — involving unilateral, non-
communicative conduct by pricing software — remains a distinct and plausible scenario, one not

easily captured under the existing concept of collusion.

If algorithmic and human tacit collusion are distinguishable, but not on the basis of their legal form
(i.e., concertation versus interdependence), then the distinction must lie in their practical effects.
We argue that human tacit collusion is largely theoretical, rarely observed, and difficult to sustain

489 Calzolari (n 82) 1207 and, more broadly, 1208-1212 arguing that: «data analytics also changes the nature
of the undertakings’ behaviours leading to the collusive outcome. When it decides to design its pricing
algorithm to maximize profits (by continuously monitoring and dynamically reacting to competitors’
behaviours), while at the same time knowing that information on its own strategies is available online to
consumers and competitors (and competitor’s algorithms), a company is actually contributing to create the
conditions under which tacit collusion may occur.

There is a significant difference with the traditional scenario where undertakings act rationally on the basis
of existing markets conditions. This difference should be relevant to the imputability of such conduct and
its scrutiny under antitrust rules. Quite regardless of the fact that, in the digital scenario, undertakings
actively contribute to the creation of the conditions allowing their rational algorithms to “tacitly” collude,
one cannot deny that undertakings, at the very least, do know that tacit collusion may occur even if they do
not design their algorithm to breach art. 101 TFEU. The (more than) reasonable awareness on the part of
undertakings that anticompetitive harm may occur even if algorithms are not asked to collude is a key factor
to address the issue of the imputability of algorithms’ behaviours.

On the one hand, such awareness seems capable of reducing the cogency of the line of reasoning concerning
the (alleged) interruption of the causal link between the conduct of the undertakings and the anticompetitive
effects. [...]

On the other hand, the fact that undertakings knowingly contribute to the creation of the conditions allowing
their rational algorithms to “tacitly” collude seems particularly relevant in order to correctly assess such
conduct under antitrust rules. The predictability of the anticompetitive outcome which, under given
circumstances, may arise from the decision to design an algorithm to maximize profits arguably entails that
algorithmic col-lusion resembles a concerted practice more than a case of simple tacit collusion». For or a
similar view, see also Ezrachi and Stucke (n 67) 1789-1791, describing the Predictable Agent scenario.
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in the real world.*® In contrast, algorithmic tacit collusion is broader in scope, more robust, and

significantly easier to implement.*°!

As elaborated in Chapter 3, pricing algorithms enhance the feasibility and stability of collusion by
easing the economic conditions traditionally required to sustain it — namely, coordination,
detection, and enforcement. Algorithms reduce the need for direct communication, increase
transparency, accelerate reaction times, and simulate a high frequency of market interactions.
These features collectively alter structural market dynamics, diminishing the importance of factors
such as market concentration or product homogeneity.*®? In doing so, algorithms expand the range

of market environments susceptible to collusion and lower the barriers to its emergence.*%

Thus, pricing algorithms have the potential to transform tacit collusion from a theoretical anomaly
into a systemic phenomenon, challenging one of the main rationales behind its current legal
toleration — namely, its rarity and practical infeasibility. This realization reopens the long-standing
debate on the antitrust treatment of tacit collusion in a newly digitized context. The normative
question of whether and how to regulate algorithmic tacit collusion — and what remedies, if any,

are appropriate — now demands urgent attention.

490 See, for example, Calzolari, arguing that «[i]n the analogic world, monitoring competitors used to be a
timely and costly activity and real-time updates, in principle, simply could not be obtained. Yet in a
medium-sized city, a brick-and-mortar store could not be aware of its competitors’ strategies when es-
tablishing its pricing policy. As a consequence, tacit collusion could occur only in small and concentrated
markets. As is well known, the exemplary textbook case is that of the gas station retail market on a small
island. Due to the peculiar market conditions, each gas station would quickly become aware that the more
it reduces prices, the less it will earn: other gas stations will likely mirror the decision; while the market
share of each of the gas stations will not be affected by the discount, their incomes will». Calzolari (n 82)
1202-1203.

491 See Filippelli (n 358) 394, arguing that: «Invero, i rischi potrebbero essere ben piu gravi, perché —se i
risultati dei primi studi saranno confermati — si profilano equilibri collusivi pitr ampi, piu stabili, piu diffusi;
di piu facile realizzazione, perché quelle prassi comportamentali, quel modus operandi di supporto alla
collusione tacita che, nel caso di interazione umana, si sviluppano nel tempo e in modo tendenzialmente
graduale, nel caso di algoritmi possono emergere pit agevolmente e in tempi assai piu brevi; e collusioni
sempre piu sofisticate, con I’aspettativa di una crescente incidenza dei fenomeni di semi-collusione».

492 For the discussion on how pricing algorithms indirectly affect collusion see Chapter 3, para 2.

493 Filippelli (n 358) 394; and Francisco Beneke and Mark-Oliver Mackenrodt, ‘Remedies for algorithmic
tacit collusion’ (2021) 9 Journal of Antitrust Enforcement 152, 165.
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The following sections aim to address this challenge through a structured inquiry. First, we map
the landscape of scholarly and policy proposals for addressing algorithmic tacit collusion, with
particular focus on developments in the EU and US. While our primary lens is that of antitrust
enforcement, we also engage with broader regulatory approaches that may be better suited to
tackling this issue. Accordingly, we categorize proposed responses into two main clusters: (i)
antitrust-based solutions (Section 2) and (ii) regulatory solutions (Section 3). Within each, we
distinguish between de iure condito remedies (those grounded in current legal frameworks) and de
iure condendo reforms (those requiring legislative or institutional change).

Furthermore, we examine traditional antitrust tools — such as collective dominance, merger control,
and market investigations — to assess their adaptability to algorithmic challenges. We also consider
more innovative proposals specifically designed for the algorithmic context. In the final section
(Section 4), we introduce our own proposal: the concept of “outcome visibility”, a hybrid
mechanism that seeks to bridge the divide between conventional antitrust enforcement and

preventive regulatory intervention.

Our objective is not merely to compile existing views, but to reconstruct, critically assess, and
refine, the current debate. In doing so, we hope to contribute a modest but meaningful step forward
in understanding — and ultimately regulating — the complex phenomenon of algorithmic tacit

collusion.
2. Antitrust remedies

The first category of potential responses to algorithmic tacit collusion examined in this chapter
draws from the existing framework of antitrust law. This expression encompasses not only the core
rules of EU competition law — chiefly, Article 101 TFEU, insofar as it may be interpreted or
reformulated to address tacit coordination — but also a broader set of legal instruments, including
Avrticle 102 TFEU (on abuse of dominance) and the EU Merger Regulation (Regulation 139/2004),
to the extent that these mechanisms may be leveraged to counteract the structural risks of
algorithm-driven collusion. Furthermore, this category includes complementary tools situated
within the wider landscape of competition law enforcement, such as market studies and market

investigations.
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Many of the remedies discussed here originate from the traditional antitrust toolbox developed to
address human-driven tacit collusion. In this sense, they overlap with the legal responses outlined
in Chapter 2, where the focus was on forms of interdependence arising in oligopolistic market
structures absent any agreement or concerted practice. However, their transposition to the
algorithmic context is neither straightforward nor unproblematic. The distinctive features of
algorithmic coordination may undermine the effectiveness of conventional enforcement strategies.
As a result, legal tools originally conceived for human decision-making may require substantial

adaptation to remain viable in algorithm-mediated environments.

Accordingly, in this section, we consider both the adaptation of traditional remedies and proposals
specifically formulated to address the novel challenges of algorithmic tacit collusion. Under the
category of de iure condito interventions, we examine proposals aimed at developing evolutive
interpretations of Article 101 TFEU, particularly those that advocate a more objective or effects-
based understanding of “concerted practices”. We also assess the applicability of Article 102
TFEU, particularly the doctrine of collective dominance, as a possible means of addressing supra-
competitive outcomes generated by interdependent algorithms. Moreover, we analyze the potential
of merger control to preempt market configurations that facilitate algorithmic collusion and reflect
on the role that market studies and investigations might play in identifying and mitigating

structural risks in algorithmically influenced markets.

By contrast, this chapter does not pursue in any depth de iure condendo proposals for reforming
Article 101 TFEU to explicitly prohibit tacit collusion. While such a reform could, in theory,
provide legal certainty and enable more direct enforcement, it would require initiating a revision
of the EU Treaties — a procedurally complex and politically sensitive process that falls beyond the
practical scope of this inquiry. For this reason, treaty reform is acknowledged but excluded from

further analysis.
2.1. De iure condito remedies
2.1.1. “Objectivized” interpretation of Article 101 TFEU

Within the category of de iure condito solutions to algorithmic tacit collusion, an especially notable
proposal has been advanced by Filippelli, who advocates for an “objectivized” interpretation of

concerted practices under Article 101 TFEU — one which dispenses with the subjective
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requirement of a “meeting of minds” and, more specifically, the element of “direct or indirect
contacts between undertakings”.*®* Under this approach, a finding of infringement would rely
exclusively on objective elements, namely, parallel conduct in the market and its restrictive effects
on competition. The subjective component — the “direct or indirect contacts” — would be
reclassified as a factor relevant solely to the determination of sanctions, rather than as a constituent

element of the infringement itself.%

Filippelli substantiates this proposal through a composite set of arguments: literal, teleological,

and normative.

From a literal standpoint, she observes that the Treaty provision does not define the concept of
“concerted practices” (nor that of “agreements”), thereby leaving ample interpretive space. The
prevailing subjectivist reading derives entirely from the jurisprudence of the Court of Justice,
which has historically construed concerted practices as a “lesser” form of agreement within the
broader prohibition of anticompetitive arrangements. In her view, however, the open-ended
language of Article 101 TFEU could equally support an expansive interpretation detached from

subjective prerequisites.*%

The teleological argument emphasizes the original purpose of including concerted practices within

the scope of Article 101 TFEU — namely, to capture coordination mechanisms falling short of

44 Filippelli (n 358) 395-400.

4% Ibid. 396. Similar arguments are presented by Libertini, who maintains that a distinction should persist
between collusive behaviors that depend on subjective elements, namely explicit collusion, and those that
arise without a meeting of the minds, namely tacit collusion. In the framework of Article 101 TFEU, this
distinction would be addressed, on one hand, by the prohibition on agreements, which would continue to
apply to explicit collusion regardless of its content or successful implementation, and, on the other hand,
by concerted practices, which would target tacit collusive behaviors provided they restrict competition.
Regarding the notion of concerted practices, Libertini argues that the differentiation between subjective and
objective elements — and consequently between explicit and tacit collusion — should hold significance for
determining liability and antitrust remedies. Objective behaviors, being objectively unlawful, would be
subject to cease-and-desist orders and structural or behavioral remedies. Subjective behaviors, on the other
hand, characterized by the presence of a “meeting of the minds”, would also attract compensation claims
and antitrust fines. See Mario Libertini, Diritto della concorrenza dell’Unione europea (Giuffré editore
2014) 118-123; and Mario Libertini, ‘Brevi note sulle responsabilita nel diritto antitrust’ (2012) 3 Rivista
italiana per le scienze giuridiche 305.

4% Filippelli (n 358) 397.
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formal agreements but equally harmful to the competitive process. According to this rationale, the
provision’s protective function could justify the inclusion of conscious parallelism within its

reach.*?’

Finally, the normative argument draws on institutional and systemic considerations. Filippelli
contends that EU competition law’s administrative nature, as opposed to the quasi-criminal
character of US antitrust enforcement, warrants a more flexible interpretive approach.*® In
particular, the lower standard of proof and the absence of criminal liability support the feasibility
of relying on objective indicators of collusion, without the need to establish subjective intent or

reciprocal contact between firms.

Taken together, these arguments lead the author to propose an “objectivized” definition of
concerted practices as a promising pathway for extending the reach of Article 101 TFEU to
algorithmic tacit collusion. According to this view, antitrust enforcers would be empowered to
infer the existence of a concerted practice solely from the presence of algorithm-driven price

parallelism with anticompetitive effects on consumer welfare.

While we share the author’s concern for ensuring effective enforcement in the context of
algorithmic collusion, we are more circumspect with regard to the feasibility and desirability of

the proposed interpretive shift. Our skepticism rests on three principal observations.

First, the proposal appears to disregard the foundational principle of economic independence,
which requires undertakings to autonomously determine their market conduct. As a corollary,
“intelligent adaptation to market conditions” has consistently been excluded from the scope of
Article 101 TFEU. These principles reinforce a subjectivist interpretation of collusion, in which
the existence of some form of mutual understanding remains essential. Even assuming that this
interpretive tradition may be reconsidered, we submit that judicial reinterpretation alone is

insufficient to override such core tenets of EU competition law.

7 1bid.
98 bid.
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Second, although the Treaty does not provide a formal definition of “concerted practices,” the term

itself necessarily implies a degree of cooperation or mutual engagement among undertakings.*®°

In our view, this textual consideration sets a natural limit to overly expansive constructions.>®
Moreover, the author’s claim that concertation should be relegated to an evidentiary role, primarily
for the imposition of sanctions, runs counter to the current judicial approach, which treats
concertation as a constitutive element of the infringement.>** Indeed, when the existence of direct
or indirect contacts is established, EU courts presume that the exchanged information is used by

the undertakings concerned, obviating the need to demonstrate parallel conduct.>%2

Third — and most significantly — case law has consistently held that the distinction between
agreements and concerted practices is of limited practical significance. What matters is not the
formal qualification of the conduct, but whether it reflects collusion as opposed to unilateral
conduct. Thus, the jurisprudence has clarified that even if the specific legal label is debatable, the
infringement must still involve a “meeting of minds” to fall within Article 101 TFEU. This
reasoning has two critical implications. First, it confirms that both agreements and concerted
practices must be underpinned by some form of cooperation. Second, it reinforces the view that

tacit collusion — absent any communicative element — remains outside the legal prohibition.

For all these reasons, we conclude that a reinterpretation of the existing provision is unlikely to
provide an adequate legal basis for capturing tacit collusion, algorithmic or otherwise. In our view,

the only effective way to address algorithmic collusion under EU law would be to undertake

499 Indeed, even regardless of any legal definition of concertation, the dictionary defines it as “working or
acting in concert, cooperation”. See Oxford English Dictionary (online edn, Oxford University Press 2024)
‘concertation’, available at <https://www.oed.com/search/dictionary/?scope=Entries&g=concertation>
(last accessed November 2024).

%% True, one could still claim that tacit collusion/conscious parallelism consists of a form of concertation.
However, this would be a different expedient to capture tacit collusion. Instead of interpreting the notion
of concerted practices in an objective way, it would mean interpreting tacit collusion as concertation.
However, we neither agree with this solution. Indeed, we believe that concertation rests on some form, even
a faded one, of “meeting of the minds” and that in tacit collusion this element is not present.

%1 See Ghezzi and Maggiolino (n 167) 663.

%92 Joined cases T-25/95 and others Cimenteries CBR and Others v Commission [2000] ECR 11-491 para
1852.
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legislative reform of Article 101 TFEU itself, decoupling it from the requirement of a “meeting of

minds”.
2.1.2. Abuse of collective dominance under Article 102 TFEU

In the second chapter, we explored remedies against traditional tacit collusion, including the theory
of collective dominance under Article 102 TFEU. Here, our aim is to assess whether the same
theory can also serve as a remedy against algorithmic tacit collusion, as suggested by some

academics and policymakers.>%

To frame this discussion, it is worth recalling that the theory of collective dominance under Article
102 was developed to address oligopolistic behavior that does not meet the requirements of Article
101 TFEU. Specifically, it holds that: (i) the interdependence inherent in oligopolistic relationships
can give rise to a position of collective dominance, as structural relationships are deemed
“economic links” sufficient to establish collective dominance under EU case law; (ii) the
establishment of such oligopolistic collective dominance requires the fulfililment of three criteria
— transparency, deterrence of deviation, and the absence of significant external competition
(commonly referred to as the Airtours criteria); and (iii) once collective dominance is established,

evidence of abusive conduct by the oligopolistic firms is necessary for Article 102 to apply.

That said, while this doctrine offers a theoretical basis for addressing oligopolistic interdependence
under the framework of Article 102 TFEU, in practice it has rarely been applied to such cases by
either the Commission or the EU courts. Instead, it has predominantly been employed in the

context of merger control.

When transposed to algorithmic tacit collusion, applying the theory of collective dominance under
Article 102 would require examining whether: (i) pricing algorithms can be regarded as “economic
links” between independent firms, causing them to behave as a single entity in the market; (i1)

these algorithms satisfy the Airtours criteria; and (iii) by mimicking human interdependence, these

%03 Seg, in particular, Filippelli (n 358) 400-403; Calzolari (n 82) 1204-1206; Manzini (n 363) 173-176; and
Monopolkomission, ‘Algorithms and collusion. Excerpt from Chapter I of the XXII. Biennial Report of the
Monopolies Commission (“Competition 2018”) in accordance with Section 44 Paragraph 1 Sentence 1 of
the German Act against Restraints of Competition’ (2018) 14-16 available at
<https://www.monopolkommission.de/images/HG22/Main_Report_XXII_Algorithms_and_Collusion.pdf
> (last accessed November 2024).
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algorithms engage in some form of abusive conduct. Clearly, a preliminary step would involve
establishing that firms using pricing algorithms collectively possess sufficient market power to
qualify as holding a position of collective dominance. Unlike the analysis of algorithmic collusion
under Article 101 TFEU, the issue of liability for conduct carried out by autonomous software

does not arise here, as the concept of abuse under EU competition law is objective in nature.>%

Regarding the first two points, scholars argue that in cases of algorithmic tacit collusion, pricing
algorithms could be seen as “economic links” between firms, creating a position of collective
dominance. These links might even be stronger than those observed in human oligopolistic
interdependence, which arise naturally from the market’s structure. This could expand the scope
of collective dominance to scenarios beyond traditional oligopolistic markets, as suggested earlier
in this chapter, where it was posited that algorithmic tacit collusion might not be confined to

oligopolistic environments.>%

Similarly, algorithmic tacit collusion could easily fulfill the Airtours test for oligopolistic
collective dominance. As explained in the previous chapter, pricing algorithms facilitate the
economic conditions necessary for collusion — conditions that align closely with the Airtours
criteria: achieving terms of coordination, monitoring adherence to those terms, maintaining a
credible deterrence mechanism, and ensuring external stability.>%® While the fulfillment of these
criteria is typically eased by the market structure itself in human-driven tacit collusion, in
algorithmic pricing scenarios, it is the algorithms that create and sustain the conditions for
collusion. This again suggests that the concept of collective dominance could extend beyond
traditional oligopolistic markets.

The challenge, however, lies in determining what constitutes abusive conduct in such cases. As a
preliminary clarification, any abuse would need to be identified in the pricing behavior of the
software, even if this behavior is ultimately attributed to the firms using the algorithms (as

5% Filippelli (n 358) 402; and Calzolari (n 82) 1204. See also case 85/76 Hoffmann-La Roche & Co. AG v
Commission [1979] ECR 1979-461, para 91.
%% Ibid.

%% See Communication from the Commission — Draft Guidelines on the application of Article 102 of the
Treaty on the Functioning of the European Union to abusive exclusionary conduct by dominant
undertakings (‘“Draft Guidelines on the application of Article 102 TFUE”) paras 38-42.
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algorithms lack legal personality and cannot be held liable). Some scholars propose that the abuse
should be found in the parallel pricing behavior itself, with the difference that «the coordination
between the algorithms is not considered to be the consequence of a collusive scenario but rather
as the outcome of the different unilateral decisions taken by entities belonging to a single collective

entity that, as a consequence, abuses its collective dominant position».>’

However, this interpretation seems problematic. If the abusive behavior were to be defined as
parallel pricing, it would conflict with the principle that undertakings have the «right to adapt
themselves intelligently to the existing and anticipated conduct of their competitors».>% As Monti
points out in the context of traditional tacit collusion, «the [CJEU] cannot say that the same
evidence which offers a defence under Article [101] also constitutes evidence of an abuse under

Article [102]! This goes against the legitimate expectations of the undertakings».°%

Therefore, as further noted by the Monopolkomission «[i]t is not enough for jointly dominant
undertakings to set parallel prices on the basis of market conditions, even if these prices are higher
than competitive prices (so-called coordinated effects)».5!° Instead, abuse could potentially be
identified where parallel prices set by algorithms are deemed “unfairly excessive” under Article
102(a), which addresses exploitative abuses.®'! For this provision to apply, jurisprudence requires
demonstrating that the collusive price generates an excessive profit margin and that the price is
either inherently unfair or unfair when compared to competing products, in line with the United

Brands test.?!?

%07 See Calzolari (n 82) 1204. See also Filippelli (n 358) 400, arguing that «[u]na ulteriore strategia di
enforcement antitrust, ipotizzabile con riferimento al fenomeno della collusione tacita algoritmica, consiste
nell’applicazione dell’art. 102, qualificando la condotta parallela realizzata dagli algoritmi come abuso di
posizione dominante collettiva» (a further antitrust enforcement strategy, conceivable with reference to the
phenomenon of tacit algorithmic collusion, consists in the application of art. 102, qualifying the parallel
conduct carried out by algorithms as an abuse of a collective dominant position) (emphasis added).

%% Joined Cases 40-48, 50, 54 to 56, 111, 113 & 114/73 Codperatieve Vereniging “Suiker Unie” UA and
others v Commission [1975] ECR 1975-1663, para 174.

509 Monti (n 267) 145.

%10 Monopolkommission (n 503) para 222.

51 |bid.

%12 Case 27/76 United Brands Company and United Brands Continentaal BV v Commission [1978] ECR
1978-00207, paras 248-253.
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Monti offers another proposal, suggesting that abuse could be established under specific
cumulative conditions: «(1) the oligopoly is sufficiently tight that the undertakings hold a
collectively dominant position; (2) it is clear that conduct by one or more oligopolists is designed
to facilitate parallel behaviour; (3) the undertakings are unable to establish either an objective
justification or positive welfare effects for the practice; and (4) it is possible for the Commission
to make an order that would bring such infringement to a halt — e.g. forcing the parties to abandon
the offending contractual clause».>'® A clear example of such conduct is price leadership, where a
leader fosters anticompetitive behavior among oligopolists through price signaling.®

For now, however, these ideas remain speculative. As noted earlier, cases where the Commission
or EU courts have applied oligopolistic collective dominance under Article 102 TFEU are
exceedingly rare. It is true that the draft Guidelines on Article 102 TFEU now explicitly address
collective dominance alongside single-firm dominance, signaling a potential shift in enforcement
priorities toward reviving the doctrine of collective dominance. However, for the time being, it
seems more likely that, as with traditional tacit collusion, the Commission and courts would rely
on the merger control counterpart of collective dominance theory — namely, the theory of
coordinated effects — to address algorithmic tacit collusion.

2.1.3. Merger control

The second “classical” remedy under antitrust law for addressing tacit collusion is merger law. As
discussed in Chapter 2, EU merger rules serve a prospective function in this context: they aim to
determine whether a market, post-merger, is likely to become susceptible to tacit collusion — or to
experience strengthened tacit collusion — compared to a competitive scenario without the merger.
In other words, when the EU Commission evaluates a notified horizontal merger — particularly, a
merger “to oligopoly” — it assesses whether the transaction is likely to result in coordinated effects
that significantly impede effective competition, relying on a counterfactual analysis. If the
Commission identifies such risk, it can either block the merger outright or approve it subject to
structural or behavioral remedies designed to address the identified competition concerns.

°13 Monti (n 25) 151.
14 Ibid.
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Ezrachi and Stucke suggest extending this prospective approach to address algorithmic tacit
collusion risks.>*® This would involve scrutinizing mergers not only in markets where coordinated
behavior becomes possible or easier post-transaction (i.e., oligopolistic markets) but also in
industries where pricing algorithms, especially machine learning algorithms, are used — such as
online marketplaces, booking platforms, airlines, and road transport.>® In such markets,
algorithmic pricing can influence the factors that facilitate collusion (e.g., transparency) and
enhance the economic conditions for collusion (i.e., coordination, detection, enforcement),
especially when these features are combined with pre-existing conditions favorable to coordination
(e.g., symmetry between firms) and the structural changes resulting from a merger (e.g., increased
concentration).®*” These dynamics may allow pricing algorithms to arrive at collusive outcomes

through mere interdependence post-merger.

Thus, in markets where pricing algorithms are employed, the risk of coordinated behavior resulting
from a merger is effectively amplified. On the one hand, the merger itself may increase market
concentration or alter competitive dynamics, thereby creating or strengthening the likelihood of
tacit collusion. On the other hand, pricing algorithms may intensify this risk by facilitating
collusion through enhanced market transparency, frequent interactions, and predictive
capabilities.>® Antitrust enforcers must therefore consider not only the potential for firms to
coordinate post-transaction but also the possibility that the software itself could enable or enhance
collusion. In this sense, pricing algorithms, alongside the merger, may transform the market into

one predisposed to tacit collusion.>®

Merger control rules may thus serve as a valuable preventive tool to address the potential harms

associated with algorithmic tacit collusion. As Stucke observes: «[b]y employing data scientists

515 Maurice E. Stucke and Ariel Ezrachi, ‘Two Artificial Neural Networks Meet in an Online Hub and
Change the Future (of Competition, Market Dynamics and Society)’ (2017) University of Tennessee Legal
Studies Research Paper No. 323 45-48 available at
<https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2949434> (last accessed November 2024).

°16 OECD (n 7) 41-42. See also Beneke and Mackenrodt (n 493) 172.

°1" Maurice E. Stucke, ‘What Can Policymakers Do About Algorithmic Collusion and Discrimination?’
(Promarket, 27 June 2023) available at <https://www.promarket.org/2023/06/27/what-can-policymakers-
do-about-algorithmic-collusion-and-discrimination/> (last accessed November 2024).

518 OECD (n 7) 41.

°19 Ezrachi and Stucke (n 67) 1793.
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and technologists, the agency can identify markets susceptible to algorithmic collusion and
evaluate whether proposed mergers would facilitate such behavior».52° He contends that antitrust
enforcers should assess several key factors to evaluate the likelihood of algorithmic tacit collusion,
including: (i) whether the market is already concentrated and characterized by homogenous
products; (ii) whether pricing algorithms in the market are capable of effectively monitoring
competitors’ pricing and detecting deviations from the established equilibrium; (iii) whether rivals’
algorithms are likely to interact in ways that stabilize conscious parallelism, either through
predictable reactions or by “decoding” each other over time, enabling firms to anticipate responses;
(iv) the existence of credible deterrent mechanisms, such as algorithms promptly retaliating against
deviations with competitive discounts; and (v) whether competitive dynamics, such as the presence

of maverick firms or disruptive competitors, could disrupt collusion.>?

Additionally, Ezrachi and Stucke advocate for lowering the intervention threshold for mergers in
markets prone to algorithmic tacit collusion, suggesting scrutiny not only for 3-to-2 mergers but

also for transactions that reduce the number of competitors from 4-to-3, 5-to-4, or even 6-to-5.522

Some scholars argue that structural remedies, such as divestitures imposed during merger
proceedings, could be particularly effective in addressing the risks of algorithmic collusion.>?®
These remedies target the underlying market conditions that facilitate algorithms to produce
collusive outcomes, thereby addressing the issue at its source. For example, by increasing the
number of competitors in the market or introducing asymmetries among market participants,
algorithmic tacit collusion may become harder to achieve. Unlike behavioral remedies — such as
compliance-by-design obligations, which will be discussed later — structural remedies do not

520 Stucke (n 517).

°2L |bid.

%22 Stucke and Ezrachi (n 515) 46-47. The authors also recommend examining conglomerate mergers —
those that are neither horizontal nor vertical but involve firms operating in distinct industries or geographic
areas — when such mergers increase multi-market contact. Multi-market contact arises when the same firms
compete across multiple markets simultaneously, creating opportunities for interaction. In the context of
algorithmic tacit collusion, multi-market contact can be especially problematic because algorithms can
identify patterns and correlations across markets more effectively than humans. This capability enables
firms to monitor competitive behaviors across these markets and detect deviations from implicit
understandings.

52 Beneke and Mackenrodt (n 493) 167-169.
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require intervention in the software code itself or ongoing supervision and so they are also less
intrusive and costly.>?* Moreover, under the European Merger Control Regulation (EMCR), the
Commission is not obligated to prioritize behavioral remedies over structural ones, as it must in
cases under Articles 101 and 102 TFEU. This flexibility allows the Commission to directly impose
structural measures when they are deemed more effective in mitigating competition concerns

stemming from a merger.5®

Nevertheless, merger law may not offer a comprehensive solution to algorithmic tacit collusion.
Two key limitations warrant consideration. First, the potential for offsetting efficiencies associated
with pricing algorithms. When evaluating mergers, the EU Commission — and similarly, US
antitrust enforcers — considers efficiencies that may counterbalance a transaction’s anticompetitive
effects. These efficiencies may include cost reductions, economies of scale, or improved product
offerings that benefit consumers. In this context, merging firms may argue that pricing algorithms

provide efficiencies sufficient to outweigh competition concerns.

Second, while merger control can prevent certain harms from materializing post-transaction, it
cannot address algorithmic tacit collusion that occurs independently of mergers. Such collusion
may emerge in markets where pre-existing structural conditions facilitate coordination.®?
Addressing these situations requires complementing merger law with additional regulatory tools,

such as market studies or, better, market investigations.
2.1.4. Market studies and market investigations

Different scholars and competition law experts suggest using market studies and market

investigations as tools to address algorithmic tacit collusion.>?” In recent years, these instruments

524 |bid. 169.

525 |bid. 167-168.

%2 Stucke and Ezrachi (n 515) 48.

527 Marcin Mleczko, ‘Addressing Algorithmic Tacit Collusion: Insights from Market Investigations’ (2023)
5 International Journal of Law and Politics Studies 01; Vasileios Tsoukalas, ‘Should the New Competition
Tool be Put Back on the Table to Remedy Algorithmic Tacit Collusion? A Comparative Analysis of the
Possibilities under the Current Framework and under the NCT, Drawing on the UK Experience’ (2022) 13
Journal of European Competition Law and Practice 234; Colm Hawkes, ‘A Market Investigation Tool to
Tackle Algorithmic Tacit Collusion: An Approach for the (Near) Future’ (2021) College of Europe
Research Paper in Law 03/2021 17 available at <https://www.coleurope.eu/market-investigation-tool-
tackle-algorithmic-tacit-collusion-approach-near-future> (last accessed November 2024); OECD (n 7) 40-
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— particularly market investigations — have regained prominence in some EU Member States as a
response to the challenges posed by digital markets and digital market operators.>?® Given this
renewed interest, it is worth examining their framework and potential relevance to algorithmic

collusion in this section.

We consider market studies and market investigations as part of the competition law framework,
although they exhibit a strong regulatory dimension.>?® Additionally, we classify these tools as de
iure condito remedies because they are not specifically or exclusively designed to address
algorithmic tacit collusion, and their application in this context may therefore require a degree of

interpretation.
(a) Market studies

Competition issues do not only arise from firms’ behavior and they can be addressed through more
than just enforcement actions. One alternative tool generally available to antitrust enforcers is
market studies.>*® As the OECD explains, market studies are typically undertaken when there are
signs that the market is not working well, but no clear evidence of anticompetitive conduct exists.
In such cases, antitrust enforcers may decide to conduct market studies to investigate the
underlying causes of market failure and to identify potential solutions. Because of this diagnostic

41. On the broader use of market studies to address emerging competition issues arising from digital
markets and the use of new technologies, see OECD, ‘Using market studies to tackle emerging competition
issues’ (2020) available at <www.oecd.org/daf/competition/using-market-studies-to-tackle-emerging-
competition-issues-2020.pdf> (last accessed November 2024).

528 See, on this specific topic, Giuseppe Colangelo, ‘Trendy antitrust for digital markets: are market
investigations the new black?’ (2024) 15 Journal of European Competition Law and Practice 289.

29 As argued by Colangelo with regard to market investigations: «the introduction of a market investigation
tool would complement both existing competition laws and sector regulations. Indeed, similarly to
competition law, it is applicable across all sectors of the economy and, similarly to regulation, it results in
a form of ex ante intervention». Ibid. 290.

%30 According to a questionnaire conducted by the OECD with responses from 59 competition authorities
worldwide, the term “market studies” «comprise a variety of instruments used in various jurisdictions
featuring similar characteristics, such as sector inquiries (EU and a number of its member states), market
inquiries (South Africa), analysis of the competitive situation (Estonia), fact-finding inquiries (ltaly); fact-
finding surveys (Japan) and general studies (U.S. DOJ) among others». See OECD, The role of market
studies as a tool to promote competition — Background Note by the Secretariat, 1-2 December 2016
DAF/COMP/GF(2016)4 5-8 available at <https://www.oecd.org/en/publications/the-role-of-market-
studies-as-a-tool-to-promote-competition_3aaffccf-en.html> (last accessed November 2024).
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function, market studies often precede enforcement actions.>® Indeed, the outcomes of market
studies commonly include recommendations for regulatory changes, proposals for firms to adjust
their behavior, or, where necessary, the initiation of law enforcement proceedings.>*2 By contrast,
market studies do not allow the imposition of enforceable behavioral and structural remedies.>

In the EU, market studies take the form of sector inquiries, a specific investigative tool established
under Article 17 of Regulation 1/2003 to examine sectors where competition appears to be
restricted or distorted.>** The primary objective of sector inquiries is to identify and analyze
competition problems within a specific market or sector, which may stem from either anti-
competitive practices or structural inefficiencies such as high barriers to entry or market
concentration. During a sector inquiry, the EU Commission has the authority to request
information from companies, conduct inspections, and require submissions of data. The findings
of these inquiries are typically published in detailed reports, and stakeholders are invited to provide
their comments. Furthermore, sector inquiries can result in various follow-up actions, including
formal enforcement actions against specific firms, policy recommendations for regulatory reforms,
and advocacy initiatives to enhance market conditions.>* One example is the E-Commerce Sector
Inquiry, concluded in 2017, which, among other findings, highlighted the growing use of pricing

algorithms and the prevalence of geo-blocking practices.>®

531 OECD (n 7) 40-41.

%32 OECD (n 527) 7.

533 See Colangelo (n 528) 291; and Hawkes (n 527) 17.

%34 Article 17 of Regulation 1/2003, entitled “Investigations into sectors of the economy and into types of
agreements” establishes that: «1. Where the trend of trade between Member States, the rigidity of prices or
other circumstances suggest that competition may be restricted or distorted within the common market, the
Commission may conduct its inquiry into a particular sector of the economy or into a particular type of
agreements across various sectors. In the course of that inquiry, the Commission may request the
undertakings or associations of undertakings concerned to supply the information necessary for giving
effect to [Articles 101 and 102] of the Treaty and may carry out any inspections necessary for that purpose.
The Commission may in particular request the undertakings or associations of undertakings concerned to
communicate to it all agreements, decisions and concerted practices.

The Commission may publish a report on the results of its inquiry into particular sectors of the economy or
particular types of agreements across various sectors and invite comments from interested parties».

%% See Hawkes (n 527) 17.

5% Report from the Commission to the Council and the European Parliament — Final Report on the E-
Commerce Sector Inquiry SWD(2017) 154 final.
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The OECD has emphasized the effectiveness of market studies as a tool for addressing emerging
competition law issues, including algorithmic collusion.>®” Compared to enforcement actions,
market studies offer significant advantages: they are forward-looking, address a broader range of
competition concerns, and adopt a proactive approach to fostering competitive markets.>%

Market studies, on one hand, can function as an ex-ante mechanism to inform future enforcement
actions. When a potential threat to competition is anticipated but has not yet materialized, and
antitrust enforcers lack enforcement precedents or sufficient market insights, market studies can
fill this gap, equipping enforcers with the necessary knowledge to act in the future.>*® On the other
hand, market studies can sometimes substitute for enforcement actions — such as when
enforcement would be excessively time-consuming, when the goal is to signal that specific
behaviors could breach competition law even without concrete cases,>® or when enforcement is
unavailable because the anticompetitive effects arise from lawful behaviors, as in the case of

algorithmic tacit collusion.

Thus, in the context of algorithmic tacit collusion, market studies can help antitrust enforcers
explore whether algorithms lead to coordinated effects and identify the conditions or sectors where
this is most likely to occur. By examining the role of factors like transparency, predictability,
frequent interactions, or other structural characteristics not yet fully understood, market studies —
or sector inquiries — can enhance agencies’ understanding of the dynamics that contribute to

algorithmic collusion.>

However, while market studies can represent a beneficial tool for understanding the scope and
mechanisms of algorithmic tacit collusion, they lack the authority to impose binding remedies on
firms employing pricing algorithms or to mandate legislative action based on their
recommendations. Therefore, to effectively address algorithmic collusion, market studies could

537 OECD (n 527) 9-15.

%3 |bid. 19-22.

5% 1bid. 17-18.

%40 Ibid.

41 OECD (n 7) 41. See also Hawkes (n 527) 17.
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ideally be complemented — or, where necessary, replaced — by a more robust tool: market

investigations.

(b) Market investigations

In addition to market studies, some national competition authorities (NCASs) also have market
investigations in their toolkit. Like market studies, market investigations aim to address structural
issues in markets, independent of the existence of specific anticompetitive conduct. However,
unlike market studies, market investigations can conclude with the imposition of structural or
behavioral remedies, making them fully-fledged tools for addressing — and remedying — structural
competition problems that traditional antitrust rules are ill-suited to address.>*? As Colangelo
observes, these «involve both the case of market features adversely affecting the competition
regardless of firms’ conduct and the case of firms’ conduct that, albeit having anticompetitive

effects, are not forbidden under competition law (e.g. tacit collusion)».>*3

Due to these characteristics, market investigations can be regarded as quasi-regulatory tools in the
hands of NCAs. They operate under a lower standard of proof, as they do not require demonstrating
market dominance or establishing an antitrust violation. At the same time, they allow for the
imposition of impactful remedies.>* For these reasons, scholars have highlighted the need for clear
limitations on the use of these tools to ensure legal certainty and avoid overreach. Most
importantly, market investigations should complement — not replace — traditional competition law
enforcement, as there is a genuine risk that antitrust enforcers could transform into de facto market

regulators if these tools are overused.>*

Until recently, the UK was the almost the only jurisdiction in Europe®® with a formal market

investigation tool, established under the Enterprise Act 2002, as amended by the Enterprise and

542 OECD (n 530) 17-18.
%83 Colangelo (n 528) 291.
54 Ibid.

%45 |bid.

%46 We use the term “Europe” to denote the broader geographical region encompassing the entire European
continent, rather than restricting it to the jurisdictions within the EU. Beyond the UK, Iceland is another
European country with market investigation tools, while Mexico serves as an example outside of Europe.
As we will explore, several EU Member States have recently introduced or are in the process of introducing
market investigation mechanisms. See, in this respect, Colangelo (n 528) 291-295.
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Regulatory Reform Act 2013.>*’ This framework empowers the Competition and Markets
Authority (CMA) to conduct market investigations, either following a reference from sector
regulators or at its discretion, when it appears that certain features of a market may have an adverse
effect on competition (AEC), provided that specific procedural steps and time limits are
followed.>*® At the end of the investigation, if an AEC is found to exist, the CMA can consider the
imposition of remedies. The UK model is widely regarded as a virtuous example of the reasonable

and effective use of market investigations.>*°

In recent years, however, market investigations have undergone significant turmoil in the EU,
reflecting a journey of ups and downs that also involves some Member States. Three key
developments illustrate this trend. First, the proposed EU “New Competition Tool” (NCT) initially
aimed to function as a market investigation instrument at the EU level but was ultimately set aside
in favor of a more targeted approach under the Digital Markets Act (DMA).5* Second, Member
States such as Italy and Germany have introduced their own market investigation tools, taking
inspiration from the UK’s regime.>*! Third, there have been renewed calls for an EU NCT, notably
championed by Mario Draghi in a recent report on the future of EU competitiveness.>®2

What connects these developments is the increasing recognition of market investigations as a
powerful tool to tackle emerging competition challenges in digital markets — challenges that

%47 UK Enterprise Act 2002, Part 4. See also UK Competition and Markets Authority, Market Studies and
Market Investigations: Supplemental guidance on the CMA’s approach (2017) available at
<https://assets.publishing.service.gov.uk/media/65cdfc4f130549000c867a9f/A._cma3-markets-
supplemental-guidance-updated-june-2017.pdf> (last accessed November 2024).

%48 See Colangelo (n 528) 292.

°49 |bid. 296.

%0 See EU Commission, ‘Inception Impact Assessment — Ares(2020)2877634> (2020) available at
<https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12416-Single-Market-new-
complementary-tool-to-strengthen-competition-enforcement_en> (last accessed November 2024).

%1 See German Competition Act (Gesetz gegen Wettbewerbsbeschrankungen — GWB) Section 32f (English
translation available at <https://www.gesetze-im-internet.de/englisch_gwb/> last accessed November
2024); and Article 1.5 of the Italian law n. 136 of 9 October 2023.

%52 Mario Draghi, ‘The future of European competitiveness — A competitiveness strategy for Europe’ (2024)
available at <https://commission.europa.eu/document/download/97e481fd-2dc3-412d-bedc-
115228232961 _en?filename=The%20future%200f%20European%20competitiveness%20_%20A%20co
mpetitiveness%20strategy%20for%20Europe.pdf> (last accessed November 2024).
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traditional antitrust rules often struggle to address.>®® In this sense, market investigations could
thus offer a potential solution for algorithmic tacit collusion, which, despite its anticompetitive
effects, falls outside the scope of traditional prohibitions on agreements or concerted practices.
Indeed, it is acknowledged that national provisions in Germany and Italy can, among other things,

specifically address algorithmic collusion.>*

The primary advantage of market investigation tools lies in their ability to enable antitrust
enforcers to adopt remedies for algorithmic tacit collusion without needing to establish an
infringement of Article 101 TFEU. This does not imply, however, that competition enforcement
can be bypassed altogether. On the contrary, market investigations should be seen as
complementary to competition law, particularly in cases where infringement proceedings are not

feasible.>®®

Moreover, the fact that remedies under market investigations do not need to target a specific

conduct as their “reference point,” but rather a broader “competition problem”, grants enforcers

53 Colangelo (n 528) 295-296.

%54 See Inderst and Thomas (n 371) 8-9. Concerning Germany, as Inderst and Thomas note «[t]government
has argued that cases of algorithmic collusion could be considered such a practice to be addressed under
the new law». In Italy, Article 1.5 of Law No. 136 of 9 October 2023 focuses on pricing within the airline
industry and grants the Italian Competition Authority (ICA) the power to address competitive issues in that
sector. The legislation specifically targets algorithmic collusion and, more broadly, competitive risks
associated with the use of Al-based algorithms («sui mercati del trasporto aereo di passeggeri, I'Autorita
puo considerare, tra I’altro, i seguenti elementi: [...] b) le modalita di definizione dei prezzi, anche
attraverso I'utilizzo di sistemi di gestione dei ricavi e algoritmi; c) i rischi per il processo concorrenziale e
per i consumatori derivanti dall’utilizzo di algoritmi fondati sull’intelligenza artificiale o sulla profilazione
degli utenti [...]» — translated in English: «on the air passenger transport markets, the Authority may
consider, among other things, the following elements: [...] b) the methods of defining prices, including
through the use of revenue management systems and algorithms; c) the risks for the competitive process
and for consumers arising from the use of algorithms based on artificial intelligence or user profiling [...]»)
Despite this provision should apply specifically to the airline industry, the Italian Supreme Administrative
Court (Council of State) has recently clarified that the scope of the law extends to all sectors and markets
under the jurisdiction of the ICA. See Consiglio di Stato (par.), sez. I, 29/01/2024 n. 61 [Tutela dei
consumatori - Trasparenza e tutela dell’utenza - Richiesta di parere di AGCM in ordine all’ambito di
applicazione dell’articolo 1, commi 5 e 6, del D.L. 10 agosto 2023 n. 104 - Assegnati all'Autorita “nuovi
poteri investigativi e decisori” in ordine a condotte poste in essere dai vettori attivi nel trasporto aereo]
available at <http://www.dirittoepoliticadeitrasporti.it/wp-content/uploads/2024/04/Cons.-Stato-Sez.-1-
Parere-29-gennaio-2024-n.-61.pdf> (last accessed November 2024).
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significant flexibility. This flexibility allows them to craft remedies that are often more effective
than those available under Article 101 TFEU, as they address the root cause of the competition

issue rather than merely focusing on the conduct of individual firms.>®

In the context of algorithmic tacit collusion, potential remedies might involve programming
obligations, i.e., requiring firms to design their algorithms in ways that prevent collusive outcomes.
This approach will be examined in greater detail below. Similarly, Inderst and Thomas propose a
series of measures to create an environment less conducive to tacit collusion by allowing antitrust
enforcers to intervene directly in the programming and operation of autonomous algorithms. Their
suggested remedies include enforcing data restrictions, prohibiting firms from relying on identical
data sources or contractual partners for their algorithms and data, and limiting the frequency of

price adjustments within specified time intervals.®’

That said, these benefits are not without trade-offs, and scholars have raised various concerns about
the risks associated with market investigation tools.

As a preliminary observation, it is essential to note that market investigation tools currently exist
only at the national level. Over the past two years, Germany and, more recently, Italy have revised
their competition laws concerning sector inquiries, granting their NCAs the power to impose
structural and behavioral remedies in cases of competition distortions — even when such distortions
do not stem from anticompetitive conduct.>*® This trend is gaining momentum, with other Member

States considering similar reforms.>°

However, the proliferation of diverse national market investigation tools brings with it significant
risks, chief among them fragmentation and legal uncertainty. While Germany and Italy both drew
inspiration from the UK model, their practical implementation diverges significantly, resulting in
approaches that sit at opposite ends of the spectrum.>®® As Colangelo points out, «[w]hile the

5% Ibid.
57 Inderst and Thomas (n 371) 41-43.
58 See fn 551 and 554 above.

%9 For example, Denmark has recently amended its national competition law — the Danish Competition Act
— to grant the NCA the power to initiate market investigations. See Colangelo (n 528) 295

%0 1hid. 296.
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former added further limits to both the activation of the procedure and the adoption of structural

remedies, the latter, instead, crafted a tool with no boundaries at all».%6!

Furthermore, other risks may stem from the degree and the nature of powers that national

provisions confer on NCAs.

On the one hand, one prominent issue is the considerable discretion these frameworks grant to
NCAs. While this latitude allows for the imposition of wide-ranging remedies, it also risks
decisions being made without robust economic analysis or a clear theory of harm. Scholars
emphasize the importance of NCAs conducting thorough counterfactual analyses and formulating
sound theories of harm when imposing remedies.>®? Remedies should not, for instance, simply
target perceived “high prices”; direct price controls, as an example, are neither supported by these

provisions nor aligned with their objectives.*

On the other hand, another concern is the quasi-regulatory nature of market investigations, which
may tempt NCASs to bypass competition law entirely and intervene directly in markets in ways that
resemble industrial policy.>®* Indeed, some scholars argue that the introduction of these tools at
the national level should be seen as part of a broader strategy, enabling NCAs to compete in the
“regulatory race” for influence over digital markets within the EU. This dynamic is particularly

evident in the wake of the Digital Markets Act (DMA), which limits NCAs to a supporting role.>®®

Related to this point, it must be evidenced that national provisions governing sector inquiries may
create coordination challenges, both with the DMA and with EU competition law. From the first
perspective, remedies imposed through market investigations could conflict with Article 1(5) of

the DMA, which prohibits Member States from imposing additional obligations on designated

%61 |bid.

%2 See Inderst and Thomas (n 371) 36-37. They argue: «The starting point for any potential remedy is a
counterfactual analysis. It is necessary to define, in a first step, which conduct the addressees are supposed
to abstain from or which measures to take. In a second step, it is then required to compare the hypothetical
competitive outcome, given the adoption of those remedies, with the hypothetical market outcome without
intervention».
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gatekeepers. To avoid such conflicts, as Colangelo notes, NCAs would need to limit the scope of

their measures to markets outside the DMA’s core platform services.*®®

From another angle, national tools risk conflicting with the principle of EU competition law’s
primacy. First, since Article 101 TFEU takes precedence over national law, conduct that is deemed
lawful under Article 101 — such as tacit collusion — should not be able to be prohibited by national
legislation. Second, national market investigations may also clash with Article 3(1) of Regulation
1/2003, which requires NCAs and courts to apply EU competition law whenever trade between
Member States is affected. Since national market investigation tools are designed to target digital
operators — businesses that typically operate across borders and employ global business models —
their measures are likely to influence trade between Member States, triggering the application of
EU competition law. As a result, unilateral action by individual Member States may be not only

ineffective in tackling such issues but also risks fragmenting the Single Market.>®

For these reasons, a reconsideration of an EU market investigation tool could be a timely and
valuable development. In his recent report on the future of EU competitiveness, Mario Draghi
advocated for the introduction of a NCT to reinvigorate competition and enhance the EU’s position
in digital technologies and markets. This idea is not entirely new: in 2020, the European
Commission considered introducing an NCT to address structural competition problems in digital
markets and complement traditional competition law.>%® However, the initiative was ultimately
abandoned. Draghi’s renewed proposal for a market investigation tool offers an opportunity to

revisit this concept within the broader competition framework.

Notably, the report does not provide detailed guidance on the structure of the NCT, describing it
instead as «a market investigation instrument designed to address structural competition problems
and to determine a solution together with firms as a potential instrument for enforcing competition
policy in today’s rapidly evolving economy».’®® The NCT thus appears tailored to address

competition challenges in highly concentrated digital markets, with tacit collusion highlighted as

%66 1bid. 297.
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one of its potential application areas. If implemented, this tool could give the EU Commission a

robust mechanism to combat algorithmic tacit collusion effectively.>°

However, this scenario is not without its challenges. Concerns raised about national market
investigation tools — particularly the risk of antitrust enforcers using such tools to reshape markets
rather than address conduct that distorts competition — are magnified when considering a supra-
national instrument like the NCT. As some commentators have noted, «[a] more fundamental issue
is the discretion and scope of the Commission’s powers under the NCT. Resolving market
problems in some of the listed areas would require market-wide remedies (for instance, to facilitate
consumer switching under the second area of potential intervention), targeting an unlimited
number of existing and future market players. To some extent, this raises concerns about
democratic legitimacy and separation of powers, as the Commission would acquire semi-
legislative powers through its ability to impose general remedies on an entire market under the
NCT. This is a key difference with its powers to apply the competition rules and the provisions of
the DMA, which still contain open norms subject to the Commission’s interpretation but are
limited in scope to certain market players (including those committing collusion, having a

dominant position, or qualifying as a gatekeeper)».>"*
3. Regulatory remedies

As discussed, the only way to address algorithmic tacit collusion under existing antitrust laws is
indirectly, using provisions not specifically designed for multilateral anticompetitive actions, such
as Article 102 TFEU and merger control rules. By contrast, relying on Article 101 TFEU would
require amending the provision, either by decoupling it from the requirement of concertation —
embodied in the concepts of agreement and concerted practice — or by introducing a specific clause

prohibiting oligopolistic interdependence.

Thus, to mitigate the socially undesirable effects of algorithms producing collusive outcomes

through tacit coordination, it becomes necessary to acknowledge the need for regulatory

570 See in this respect Tsoukalas (n 527) 234.

571 Alessia D’ Amico and Inge Graef, ‘Draghi’s New Competition Tool Promises To Revamp Competition,
but  Comes  With Challenges’ (Promarket, 4 October 2024) available at
<https://www.promarket.org/2024/10/04/draghis-new-competition-tool-promises-to-revamp-competition-
but-comes-with-challenges/> (last accessed November 2024).
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interventions as a primary solution. In the following section, we explore a novel regulatory

approach to algorithmic collusion known as “compliance by design”.
3.1. De iure condendo remedies
3.1.1. Compliance by design

A regulatory remedy that is often discussed in addressing the anticompetitive effects of algorithmic
pricing software involves the imposition of programming obligations (also known as “compliance

by design”).

The “compliance by design” approach to algorithmic collusion is rooted in the idea that the harm
caused by pricing algorithms stems from their technological design.>’? Accordingly, remedies for
price coordination by algorithmic pricing software should operate ex ante, during the development
and programming of these algorithms by computer scientists.>”® In particular, these individuals —
whether employed within firms or acting as external suppliers — should be required to design
pricing algorithms, as former EU Commissioner Vestager aptly stated, «in a way that doesn’t allow
them to collude».>” To this, we would add a specific focus on algorithmic tacit collusion, requiring
that pricing algorithms be designed to avoid producing collusive outcomes even when they arise

from oligopolistic interdependence.®’

The rationale behind this approach is to empower firms and hold them accountable for the design

and use of their pricing algorithms through the imposition of programming obligations. To

572 For example, Deng argues that «to design an algorithm that has some degree of guaranteed success in
eliciting tacit collusion, the capability to collude most likely needs to be an explicit design feature»
(emphasis added). See Deng (n 369) 91.

53 OECD (n 7) 50; and Vezzoso (464) 93. But see also Beneke and Mackenrodt (n 493) 169-170, who
propose a similar approach — intervening in the programming of algorithms — but framed as an ex post
behavioral remedy imposed by antitrust authorities on firms found to have infringed Article 101 TFEU
through algorithmic collusion: «one remedy option could be on how the algorithm is programmed. An
injunction would be on clearer terms if it addresses specific aspects of the code. Authorities could order
firms to program their algorithms so as to play competitive instead of cooperative games».

574 Margrethe Vestager, Algorithms and competition, Speech at Bundeskartellmt 18" Conference on
Competition, Berlin, 16 March 2017 available at <https://ec.europa.eu/newsroom/comp/items/55994/en >
(last accessed November 2024).

5% Let me refer to Valeria Caforio, ‘Algorithmic Tacit Collusion: A Regulatory Approach’ (2023) 15
Competition Law Review 9, 25-27.
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implement this framework effectively, legislators should introduce specific rules mandating
algorithmic design standards and enforce compliance through appropriate sanctions for

violations.>"®

Several design techniques could support competition compliance by design, the most significant
of which is the automation of competition law, namely the effort to embed legal compliance into
computer code.>”” This involves translating legal provisions into «a list of instructions, written in
one of a number of artificial languages intelligible to a computer».>”® However, it has been
observed that law automation broadly requires a level of fixed and precise language that many
legal norms and principles lack and that the process of translating human language into computer
language often sacrifices the flexibility and adaptability inherent in legal interpretation.>”

In this regard, many competition law provisions may in fact not be easily suited for automation.
As Vezzoso notes, «[a]t first glance [...] EU competition law is not of a type containing specific
or detailed enough legal provisions that could easily be taken up by software engineers and infused
into algorithms. At the EU level, relevant legal sources include EU Treaty provisions, Block
Exemption Regulations, case law and Guidelines. As alluded to above, computer code expresses
logical sequences of precise commands, yet the commands in EU competition law are more often
imprecise, open-ended, vague, and interpreted according to broad standards such as effects-based

considerations and different iterations of balancing approaches».>°

Nonetheless, Vezzoso also highlights that certain provisions within EU competition law —
particularly those relevant to collusion — may be better suited for translation into software code.

These include per se prohibitions on practices such as price-fixing, market sharing, certain

578 |bid. These rules should impose obligations on different parties depending on the specific circumstances.
When a firm programs the pricing algorithms it uses in its business operations, it is directly responsible for
meeting algorithmic design obligations. Conversely, if the firm acquires pricing software from a third-party
supplier, these obligations rest with the external developer. In such cases, the purchasing firm has a duty to
ensure, before finalizing the transaction, that the supplier has complied with these obligations.

577 \/ezz0s0 (n 464).

°8 James Grimmelmann, ‘Regulation by Software’ (2005) 114 Yale Law Journal 1719, 1728.

°9 |bid. 1733.

%80 |bid.
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exchanges of commercially sensitive information, and resale price maintenance.*® Pricing

algorithms could therefore be designed to comply specifically with these clear-cut rules.>®?

When it comes to designing algorithms to ensure compliance, the specific strategy depends on the
type of algorithm involved. For rule-based repricing algorithms, which set prices based on
predefined rules, real-time market data, or competitor behavior, compliance can be more
straightforward. These algorithms can be explicitly programmed to exclude certain competitive
parameters that could lead to a collusive outcome, such as avoiding the use of pricing data from
specific rival firms.> Alternatively, even if such data is collected and processed, the algorithm
could be restricted from taking consequential pricing decisions,>®* ensuring it does not engage in
price coordination, whether through explicit price-fixing or oligopolistic interdependence. Overall,
rule-based repricing algorithms present relatively few design challenges in achieving

compliance.5®

Major complexities arise with self-learning algorithms, which may operate as black-boxes —
making decisions through processes that are not easily traceable by the programmer. Despite this,
some scholars argue that self-learning algorithms should not be treated differently from rule-based
software.®® Indeed, with regard to the latter, the programmer still defines the algorithm’s goals
and selects the training data, which offers opportunities to implement safeguards. For instance,

programmers can control the type of data and case studies used for training, impose constraints on

%81 |bid.

%82 But see what Deng argues about the capability of Al software to circumvent the programmability issue
of antitrust law: «But here is what’s particularly interesting about how programmable antitrust laws are:
The lack of (traditional) programmability is precisely the problem that modern machine learning and Al
technologies are designed to circumvent. [...] This tells us that, perhaps, we also do not need to write down
all the explicit instructions of antitrust compliance». Ai Deng, ‘Algorithmic Collusion and Algorithmic
Compliance: Risks and Opportunities’ (2020) 27 The Global Antitrust Institute Report on the Digital
Economy 964, 1014-1015.

%83 |bid. See also OECD (n 7) 50; and Ezrachi and Stucke (n 67) 1800.

%84 \Vezzoso (n 464) recalling the emblematic example given by former EU Commissioner Vestager, who
suggested that pricing algorithms should respond to collusion offers in the same way as HAL, the computer
from the iconic movie “2001: A Space Odissey”, famously said: «I’m sorry. I’'m afraid I can’t do that».

%85 |bid.

%% Gal (n 13) 108.
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the algorithm’s decision-making process, or configure its reward function to promote competitive

behavior and penalize anticompetitive outcomes.>®’

In this sense, a compliance by design approach would remain feasible even for self-learning
algorithms. However, the implications in terms of firms’ liability become particularly significant
in cases where, despite these safeguards, the algorithm still produces a collusive outcome. These
implications are analyzed further below (section 4).

The compliance by design approach presents clear benefits as well as some drawbacks and

challenges.

Under the first perspective, some authors point out to the advantages of ex-ante approaches against
new forms of anticompetitive actions that occur in dynamic digital markets, such as algorithmic
collusion, where traditional ex-post antitrust enforcement struggles to keep pace with the rapid
speed at which these infringements take place.>®® Furthermore, a compliance by design approach

%87 1bid. and Vezzoso (n 88). See also Beneke and Mackenrodt (n 493) 170; and Deng (n 582) 1015-1016
who, by drawing on Al literature, refers to actor-critic approaches and generative adversarial networks
(GANS): «[i]n this type of model, while one algorithm tries to generate some content (say, an image), the
adversarial algorithm tries to identify it as a computer-generated fake. A compliant pricing algorithm could
have a similar actor-critic/adversarial structure in which, as the actor tries to maximize firm profit, the critic
could look at a compliance score of a pricing decision taken by the actor and provide feedback so the actor
could learn to steer away from problematic actions». These authors also emphasize the challenges of
distinguishing the anti-competitive elements of an algorithm from those that enhance efficiency.

A different but related solution proposed by Beneke and Mackenrodt (n 493) 166-167, is to embed the
prospect of fines in the algorithm. In other words, software should be programmed to take into consideration
the cost of penalties associated to anticompetitive actions. They argue that «[r]einforcement learning, which
works based on a function of rewards, would be particularly sensitive to such incentives if the prospect of
fines is embedded in the algorithm». Furthermore, «an advantage of fines is that they provide incentives to
change a behavior without the need to address certain technical difficulties. Specifically, by imposing fines,
the authorities do not need to articulate in detail the way in which the software needs to be coded. The fine
rather sends the message that steps need to be taken to avoid collusive results, otherwise risk financial
penalties». In a similar vein, see also Filippelli (n 358) 395, contending that the credible and concrete threat
of antitrust intervention could be a variable that perhaps the algorithms themselves are able to elaborate and
evaluate in defining their own strategic choices. However, it is important to note that fines can only be
imposed for antitrust infringements committed with intent or negligence. As a result, this remedy would be
applicable solely to cases of algorithmic explicit collusion within a fault-based liability framework.

%88 \/ezz0s0 (n 464).
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should not be conceived as a substitute but rather as a complement to ex-post enforcement, to

ensure that technology is «put at the service of compliance».>®°

Furthermore, it is also noted that EU law is no stranger to programming obligations, as
demonstrated in the context of EU data protection law, where the concept of “data protection by
design” originated. Article 25 of the General Data Protection Regulation (GDPR)*® requires
companies and organizations to implement technical and organizational measures to ensure that
data protection is embedded into the design and operation of processing systems. This provision
calls on firms to adopt these measures at the earliest stages of designing processing operations,
embedding privacy and data protection principles from the outset. Furthermore, non-compliance
with Article 25 is considered an infringement of the controller’s obligations and may result in
administrative fines under Article 83 GDPR. Any processing of personal data, including through
algorithms for profiling or automated decision-making, is subject to this requirement.>** Therefore,
the example from another legal domain could serve as both a model and a standard for shaping
new policy options in the field of competition law, particularly as it pertains to algorithmic

compliance.

Despite its potential benefits, however, a compliance by design approach is not without significant
challenges. Beyond the previously mentioned issue that certain competition law provisions may
not easily lend themselves to translation into software code for compliance purposes, two primary

concerns are associated with this approach.

On one hand, it is noted that a regulatory approach like compliance by design may face resistance
from antitrust enforcers. Competition authorities are often reluctant to interfere with the design of
technology or implement measures requiring ongoing supervision.®®? This concern is particularly
significant because compliance by design entails substantial investments not only for market
players — who would need to develop compliant algorithms — but also for regulators. The latter,

%89 |bid.

%90 Regulation (EU) 2016/679 of the European Parliament and of the Council on the protection of natural
persons with regard to the processing of personal data and on the free movement of such data, and repealing
Directive 95/46/EC (General Data Protection Regulation) [2016] OJ L 119.

%1 See Margot E. Kaminski. ‘The Right to Explanation, Explained’ (2019) 34 Berkley Technology Law
Journal 189, 196 and literature cited therein.

%92 Beneke and Mackenrodt (n 493) 165.
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indeed, would need to invest in acquiring the necessary competencies to understand the

functioning of pricing software.

As observed, «three types of knowledge need to be integrated [to understand how an algorithm
works]: knowledge of substantive competition law questions, economic knowledge of
anticompetitive effects, and knowledge of technology and software development».®® While EU
and national competition officials are well-equipped with the first two areas of expertise, their
understanding of programming and software development is likely limited. This gap would
necessitate investments in training and the recruitment of specialized staff. Furthermore, the
effective implementation of compliance by design would require competition authorities to
supervise pricing algorithms actively, ensuring that compliance obligations are met — an effort that

would further increase regulatory costs.>%

On the other hand, many argue that imposing programming obligations could have a chilling effect
on innovation, particularly in the development of Al-based algorithms.>® Firms, especially
software developers, may be discouraged from creating and marketing innovative pricing
algorithms due to the fear of sanctions for unexpected anticompetitive outcomes. For this reason,
alternatives such as providing firms with programming guidelines or promoting voluntary codes

of conduct instead of introducing binding regulations could be considered.

All things considered, we believe that a compliance by design approach, implemented through
programming obligations, is a strong candidate for addressing algorithmic collusion. While this
approach cannot entirely eliminate the risk of collusive outcomes — whether stemming from
algorithmic explicit or tacit collusion — it serves to significantly reduce their likelihood without
altering the existing antitrust legal framework. In other words, compliance by design offers a
means to prevent collusive outcomes, including those resulting from algorithmic tacit collusion,
while leaving Article 101 TFEU and Section 1 of the Sherman Act untouched.

In cases beyond tacit collusion, such as algorithmic explicit collusion where software violates

Article 101 TFEU or Section 1 of the Sherman Act, a compliance by design approach has notable

%93 Vezzoso (n 464).
5% OECD (n 7) 50.
%% OECD (n 7) 50; and Filippelli (n 358) 388.
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implications for the regime of firms’ liability. Specifically, introducing compliance obligations
would naturally align with a negligence-based liability standard. On one hand, firms would be held
liable if they failed to comply with programming obligations — that is, if they did not take all
reasonable steps to prevent collusive outcomes. On the other hand, if firms adhered to
programming obligations, they should benefit from a safe harbor, even if the software subsequently

produces a collusive outcome in the market.

This acknowledges the reality that, despite efforts to design pricing algorithms to avoid collusion,
the possibility of collusive outcomes cannot be entirely ruled out. Thus, in the broader debate over
strict versus fault-based liability for antitrust infringements caused by autonomous software, the
compliance by design approach offers a balanced solution: it requires firms to take all feasible
precautions to avoid collusive outcomes while ensuring they are not held liable for results beyond

their control.
4. Introducing the concept of “outcome visibility”

In this section, we delve into an innovative approach to algorithmic tacit collusion, referred to as
“outcome visibility”. This expression, coined by Ai Deng, is grounded on the premise that
«collusive outcomes are observable to human decision-makers».°% Building on this assumption,
we develop a theory to make firms accountable for collusive outcomes achieved by their

autonomous software, including those arising from algorithmic tacit collusion.

In simple terms, the theory can be summarized as follows: firms benefit from the collusive prices
generated by their autonomous algorithms. They might claim that the algorithms reached these
outcomes independently and that they are unable to explain how this occurred. However, even if
firms do not fully understand the decision-making process of a pricing algorithm that produces a
collusive result, the outcome itself is visible in the market — put simply, firms do realize that they
are making supra-competitive profits out of their algorithms despite unchanged market demand

and cost levels.

% Ai Deng, ‘4 Reasons We May Not See Colluding Robots Anytime Soon’ (Law360, 3 October 2017)
available at <https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3271904> (last accessed November
2024).
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As aresult, firms should not be permitted to continue reaping benefits from this collusive outcome.
More specifically, once firms recognize that their pricing algorithms are engaging in collusion,
they should be obligated to intervene and restore pricing conditions to the state prior to the onset
of tacit collusion.

Therefore, to address collusive outcomes achieved by autonomous software, even in the form of
algorithmic tacit collusion, the theory advocates penalizing firms for knowingly benefitting from
socially undesirable — though not necessarily illegal — sources of income. This approach seeks to

shift the focus toward accountability once firms become aware of the collusive result.

A similar idea has been briefly mentioned by Ezrachi and Stucke, although they express skepticism
about its feasibility and implications.®’ In particular, they raise two concerns. First, they argue
that while firms understand that they are earning supra-competitive profits, «[i]t would be unlikely
for [a] company to ascertain precisely to what extent the increase in profits is attributable to
coordinated, accommodating, or interdependent behavior. It may be impossible to determine the
extent to which the computer is reacting to market dynamics or shaping them».5%® Second, even if
firms understand that their algorithm is tacitly colluding, they question the practicality of
intervening: «if the defendants become aware of tacit collusion, what can they do about it?
Depending on how far the pricing mechanism is integrated with other functions, they could not
necessarily turn off the computer. Nor could they necessarily override the algorithm’s price with
their own price, as it may be logistically impossible to enter and update the pricing across markets.

Moreover, the adjusted pricing may still be inflated».%%

To these concerns, we offer the following responses. Regarding the first, it is not relevant whether
the firms’ increase in profits is due to explicit or tacit collusion, as an outcome visibility obligation
would apply equally, and particularly, to the latter. What ultimately matters is the collusive
outcome. As Deng notes, «no matter how complicated and incomprehensible the computerized
decision process is, the outcome is always observable and can be interpreted by human decision-

makers».5%° As for the second point, firms, as the saying goes, know their own people. That is,

%97 Ezrachi and Stucke (n 67) 1804.
%% |bid.

%9 Ibid.

6% Deng (n 596).
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they are aware of their pricing structures and strategies. Without needing to “turn off” their
software, firms should be required to restore a competitive price — that is, a price reflecting

competitive market dynamics — once they discover algorithmic tacit collusion.®®*

This does not mean that the outcome visibility approach is without challenges. For instance, it may
be difficult to determine exactly when firms become aware of their software’s collusion,
particularly given the continuous adjustments of dynamic pricing strategies. Would a single day
suffice to establish awareness, or would a longer period, such as a week, be more appropriate? We

do not provide an answer to this question here.

Another key point is that the outcome visibility approach functions as a regulatory remedy
specifically for algorithmic tacit collusion. Its aim is to prevent collusive pricing even when it
arises from oligopolistic interdependence. However, this approach is distinct from a blanket
prohibition of all tacit collusion, including human-driven cases. First, the outcome visibility
approach targets only algorithmic tacit collusion, which is likely to be more pervasive and subtler
than its human counterpart. Second, this remedy focuses not on the collusive price per se but on
the firms’ inaction when they become aware of the collusive equilibrium. Firms are penalized not
for charging collusive prices but for failing to intervene to restore competition when they detect

algorithmic collusion.

This approach could also work in conjunction with the compliance-by-design framework discussed
earlier. We have previously elaborated on this idea, which we revisit here.%°2 Firms would be
subject to programming obligations ex ante, requiring them to design algorithms that prevent tacit
collusion. However, unlike in the previous model, firms would not be punished solely for failing
to meet these obligations. Instead, their liability would hinge on the outcomes generated by their
algorithms. If the software avoids tacit collusion, there would be no issue. But if it does establish
a collusive equilibrium, the outcome visibility obligation would apply ex post, requiring firms to

restore competition. Firms that fail to comply with both programming and outcome visibility

801 Thus, with the expression competitive prices we do not mean the prices that would prevail in a perfectly
competitive market.

692 Caforio (n 575) 25-27.
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obligations would face heightened penalties. Figure 2 below schematizes this operational

mechanism.

ALGORITHMIC DESIGN

fx.

- *
NO NO
COLLUSIVE COLLUSIVE
OUTCOME [_OUTCOME

NO LIABILITY OUTCOME NO LABILITY OUTCOME
VISIBILITY VISIBILITY
RESTORATION RESTORATION
OF EX-ANTE OF EX-ANTE
STATUS STATUS

NO LIABILITY - NO LIABILITY -

Figure 2: Operational Mechanism of the Compliance by Design and Outcome Visibility

Approaches

Clearly, such a theoretical framework requires careful consideration of its feasibility and practical
implementation, aspects that cannot be exhaustively addressed here. However, a few key points

can still be raised concerning the substantive and procedural contours of this regulatory tool.

First, as previously mentioned, new statutory provisions would need to be introduced to make this
framework operational. These provisions would impose obligations on firms to restore competitive
pricing once algorithms produce collusive outcomes and require adherence to specific
programming standards designed to prevent algorithmic interdependent pricing ex ante. To ensure
consistency and harmonization within the EU legal system, this legislative process should ideally
take place at the supranational level, rather than at the Member States level. That said, it would be
prudent to adopt a directive promoting minimum harmonization, thus allowing Member States the
flexibility to determine the most effective means of achieving the objectives of algorithmic design

and outcome visibility.
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Concerning enforcement competences, the traditional allocation mechanism between the EU
Commission and NCAs would remain applicable. These bodies would continue to use their
investigative powers to identify the source of collusive outcomes in markets where pricing
algorithms are employed. Specifically, they would determine whether the collusion stems from
traditional anticompetitive agreements, concerted practices, algorithmically facilitated cartels,
digital cartels (explicit algorithmic collusion) — all of which would fall under Article 101 TFEU —
or algorithmic tacit collusion. Should the Commission or an NCA establish that collusive outcomes
result from algorithmic interactions, they could issue a formal complaint to the firms involved,
setting a clear deadline for them to restore competitive pricing. Sanctioning powers would be

integral to this framework, ensuring firms face penalties for violations.

A final point involves an alternative approach explored in this research to implement the outcome
visibility framework within the existing antitrust law paradigm. The proposal suggests treating
firms that knowingly benefit from algorithmic tacit collusion as parties to a tacit anticompetitive
agreement. By recognizing the collusive outcome and choosing not to intervene, firms can be seen
as forming a “meeting of the minds”, tacitly agreeing to continue profiting from supra-competitive

prices.

It is essential to clarify that, under this interpretation, the object of such an agreement would not
be price-fixing or output restriction. As emphasized, the algorithms themselves do not engage in
explicit agreements or concerted practices; instead, they operate through oligopolistic
interdependence. The focus here is on the firms’ shared decision not to disrupt their algorithms’

collusive outcomes, thereby tacitly agreeing to sustain supra-competitive profits.

Even if this tacit agreement were not deemed restrictive of competition by object, it could more
readily be seen as restrictive by effect — namely, in the markets for the goods or services sold by
the firms using these pricing algorithms. Firms could potentially justify the agreement under
Article 101(3) TFEU by demonstrating that, despite increased prices or reduced output, the
arrangement produces efficiencies. For instance, firms might argue that algorithmic strategies lead
to improved supply chain coordination or better consumer segmentation, yielding consumer

benefits in other ways.
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The challenge for antitrust enforcers, however, would be to prove the existence of such a tacit
agreement. While it may be easier to demonstrate firms’ behavior compared to proving that
algorithms have formed a digital cartel, this remains a complex endeavor. Nevertheless, given the
current state of affairs — where algorithmic tacit collusion remains a theoretical concern rather than
a demonstrated reality — these considerations should not be dismissed as speculative or “science
fiction”, as some have suggested. Instead, they serve as a constructive starting point to stimulate
deeper debate on the role of pricing algorithms within antitrust law and their potential to undermine

competitive markets.

5. Conclusions

Currently, the ability of pricing algorithms to autonomously engage in collusion, particularly tacit
collusion, remains uncertain. To date, reported cases have only involved algorithms used as tools
by firms to facilitate collusion, which can be effectively addressed through the application of
Article 101 TFEU. However, empirical research conducted by scholars in computer science and
economics suggests that autonomous algorithmic collusion could become a tangible risk in the
near future. If this risk materializes, antitrust enforcers must be ready to tackle the challenges posed
by pricing algorithms, particularly their potential to make collusion more pervasive, stable, and

subtle.

In light of this, the present thesis represented an effort to analyze the dynamics of algorithmic
collusion and assess whether EU competition law can effectively address behaviors detrimental to
competition and consumer welfare. As reflected in the title of this work, using an evocative
expression from the “algorithmic universe”, this has been an attempt to “decode” algorithmic
collusion by examining relevant antitrust literature and case law. However, this study does not
merely aim to reconstruct the state of the art. Instead, it aspires, at least in part, to contribute to the

policy debate surrounding algorithmic collusion by developed informed policy recommendations.

Accordingly, this final chapter has explored remedies to algorithmic tacit collusion beyond Article
101 TFEU. These include alternative antitrust instruments, such as Article 102 TFEU, merger
control provisions, and market investigation tools. Additionally, the introduction of new regulatory
measures specifically tailored to address algorithmic collusion has been considered.
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The overall conclusion is that EU antitrust law is relatively well-equipped to address the challenges
posed by pricing algorithms and their potential to facilitate collusion. This readiness is not
coincidental. On one hand, the EU antitrust community has considerable experience dealing with
tacit collusion. On the other hand, recent legislative initiatives reflect the EU’s proactive approach
to addressing the transformative impact of digitalization on markets. This combination of expertise

and foresight provides a positive outlook for addressing algorithm-driven collusion.

However, it is crucial for EU institutions to remain mindful of the procompetitive benefits
algorithms can bring to markets. As Gal aptly observes, «[s]mart coordination” by suppliers
requires “smart regulation” — setting rules that limit the harms of increased coordination while

ensuring that the digital economy’s welfare-enhancing effects are not lost».5%

603 Gal (n 13) 97.
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CONCLUDING REMARKS

The increasing adoption of pricing software by firms is profoundly reshaping market dynamics.
On one hand, this technological shift brings about considerable pro-competitive benefits. Pricing
algorithms enable firms to adjust prices dynamically and efficiently in response to fluctuating
market conditions, thereby reducing operational costs, improving resource allocation, and
fostering innovation. For consumers, algorithmic pricing can increase market transparency,
support more personalized offerings, and — at least in principle — enhance service quality and

pricing outcomes.

On the other hand, the widespread reliance on algorithmic pricing also raises serious concerns for
competition policy. As outlined in Chapter 1 of this thesis, two phenomena lie at the heart of the
current antitrust debate: personalized pricing and algorithmic collusion. The former refers to the
use of big data and algorithmic tools to charge different prices to different consumers based on
their individual willingness to pay. While potentially efficient from a welfare perspective,
personalized pricing may result in discriminatory outcomes, wealth transfers from consumers to
producers, and a reduction in consumer surplus — particularly in digital markets characterized by

low transparency and high switching costs.

Algorithmic collusion, by contrast, refers to collusive outcomes that are facilitated, enabled, or
even autonomously implemented by pricing software. This may occur through various
mechanisms, including algorithms that monitor and respond to competitors’ prices, or Self-learning
systems capable of coordinating pricing strategies independently. The key concern is that such
tools may stabilize supra-competitive prices without the need for explicit agreements between
firms, thereby challenging the foundations of traditional antitrust enforcement. The ability of
algorithms to replicate — or even exceed — the effects of human tacit collusion raises pressing
questions about the adequacy of existing legal frameworks and the attribution of responsibility.

This thesis has not directly addressed the issue of personalized pricing, on the premise that such
practice is, by its nature, incompatible with collusive conduct. Indeed, the multiplicity of prices
typical of personalized pricing is generally thought to hinder the establishment of a common
collusive equilibrium. Accordingly, the focus of this work has been placed exclusively on

algorithmic collusion.
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To date, the actual scope and prevalence of algorithmic collusion—especially in its tacit form—
remain uncertain. While there have been a handful of enforcement cases concerning the use of
algorithms to support human-devised collusion, there is currently no precedent involving
autonomous algorithmic coordination. Nonetheless, a growing body of empirical research —
particularly in the field of computational economics — demonstrates that pricing algorithms can
learn to collude tacitly through repeated interaction in simulated market environments. These
experimental findings lend credibility to the hypothesis that algorithmic tacit collusion may
emerge as a tangible risk in real-world settings. Should this occur, antitrust authorities must be
prepared to contend with a form of collusion that is potentially more resilient, more pervasive, and

significantly more difficult to detect than its human counterpart.

In light of these developments, the objective of this thesis has been to examine whether and to
what extent existing antitrust frameworks — particularly Article 101 TFEU — are equipped to
address the legal challenges posed by algorithmic collusion, with a specific focus on its most
elusive form: algorithmic tacit collusion. Rather than assessing the empirical likelihood of such
practices materializing in today’s markets, this work has adopted a theoretical and doctrinal
approach. It has sought to systematize the state of the art in economic and legal literature,
reconstruct the conceptual and normative foundations of collusion in both human and algorithmic
settings, and evaluate the adequacy of current legal instruments for addressing these emerging
phenomena. In short, the overarching objective has been to decode the puzzle of algorithmic
collusion by identifying its most problematic features and assessing whether existing legal
categories can encompass them. Where gaps have emerged, the thesis has also explored potential
remedies, distinguishing between those grounded in competition law and those of a regulatory
nature, and further differentiating between de iure condito and de iure condendo approaches, with
the aim of offering a structured and principled response to the regulatory dilemmas raised by
algorithmic pricing technologies. This methodological framework — combining conceptual
analysis, legal interpretation, and policy-oriented inquiry — has guided the discussion across all
four chapters and informed the proposals advanced in the final part of the work.

Chapter 2 provided the conceptual framework necessary to address algorithmic collusion by
reconstructing the economic and legal foundations of collusion in competition law. From an

economic perspective, the chapter clarified that collusion refers to the coordination of firm
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behavior to achieve supra-competitive outcomes, regardless of whether this coordination is explicit
or tacit. It outlined the conditions for collusion— coordination, detection, enforcement, and entry
barriers — and discussed how various endogenous and exogenous market features may influence

its stability.

From a legal perspective, the chapter emphasized that the notion of collusion in EU competition
law — specifically under Article 101 TFEU — is narrower than its economic counterpart, covering
only concerted conduct, i.e. behavior resulting from some form of cooperation between
undertakings. Thus, while economic theory encompasses both explicit and tacit collusion, antitrust
law addresses only the former, as reflected in the concepts of “agreements” and “concerted
practices”. Accordingly, the analysis examined the definitions and evidentiary thresholds
associated with these concepts, emphasizing that the formal distinction between agreements and
concerted practices is of limited practical significance. What ultimately matters is the ability to
distinguish collusive (or coordinated) conduct from lawful independent or interdependent
behavior. In this context, the chapter identified strategic interactions and the exchange of future-
oriented information as the core elements — or “building blocks” — of concerted practices, which

may suffice to trigger a presumption of unlawful coordination.

The chapter concluded by addressing the legal treatment of tacit collusion — also referred to as
“oligopolistic interdependence” — and the so-called oligopoly problem. While tacit collusion may
yield harmful market outcomes similar to those of explicit collusion, it remains outside the scope
of Article 101 TFEU due to the absence of an agreement or concerted practice. However, the
chapter noted that EU competition law has developed alternative remedies, both ex post (e.g.
collective dominance under Article 102 TFEU) and ex ante (e.g. merger control and the scrutiny
of facilitating practices), to address the risks associated with tacit coordination in oligopolistic
markets. This theoretical groundwork set the stage for the subsequent analysis of algorithmic

collusion, where such traditional distinctions and legal boundaries are increasingly tested.

Chapter 3 examined the evolving relationship between pricing algorithms and EU competition law,
with a particular focus on the application of Article 101 TFEU to various forms of algorithmic
collusion. It distinguished between two main categories: algorithmically-facilitated or enabled

collusion, where algorithms are used as tools to support human-devised anticompetitive strategies;
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and algorithmically-implemented collusion, in which algorithms act autonomously as agents of

coordination.

The chapter first demonstrated how algorithms can indirectly support collusion by reinforcing the
economic conditions required for its sustainability — namely, coordination, detection, enforcement,
and market access barriers. By increasing price transparency, facilitating rapid monitoring, and
enabling automated retaliation, pricing software enhanced the likelihood and stability of collusive
equilibria, even in markets where such outcomes would be improbable in the absence of

algorithmic tools.

It then addressed direct forms of algorithmic collusion. In cases of algorithmically-facilitated or
enabled collusion, firms use pricing software to execute or stabilize explicit collusive agreements,
or rely on common third-party providers to coordinate conduct. While these scenarios pose
enforcement challenges — such as proving the existence of a “meeting of minds” when collusion
is mediated through software, identifying the role and awareness of third-party providers, and
determining liability in cases involving shared or identically programmed algorithms — they
remain, in principle, actionable under Article 101 TFEU, as long as an agreement or concerted

practice can be established.

In contrast, algorithmically-implemented collusion — particularly in its tacit form — raises deeper
legal concerns. The chapter analyzed how reinforcement learning algorithms might autonomously
reach supra-competitive outcomes, either by interacting with one another (algorithmic explicit
collusion) or by independently adapting to market conditions (algorithmic tacit collusion). While
the former could arguably fall within the scope of Article 101 through a purposive interpretation
of the “agreement” or “concerted practice” requirement, the latter appears to escape legal scrutiny

due to the absence of of coordination between undertakings.

The chapter concluded with an assessment of liability models — from fault-based to strict liability
— and stressed the need for a balanced approach that ensures deterrence without hindering
innovation. It argued that firms should be held responsible when the foreseeable use of pricing
algorithms facilitates collusion, particularly if they fail to monitor or address algorithmic behavior

that leads to supra-competitive outcomes.
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Chapter 4 turned to potential remedies for algorithmic tacit collusion, distinguishing between
antitrust-based and regulatory approaches. It began by reaffirming why tacit collusion — whether
human or algorithmic — currently lies beyond the scope of Article 101 TFEU and Section 1 of the
Sherman Act: namely, because such conduct reflects rational behavior in response to market
structure. Additionally, tacit coordination has traditionally been regarded as a rare, largely

theoretical occurrence.

However, the chapter argued that these justifications are less convincing in the algorithmic
collusion. Unlike human tacit collusion, algorithmic tacit collusion is not merely theoretical but
increasingly observable and scalable. Pricing algorithms can enhance the conditions for collusion
by increasing transparency, accelerating market responses, and achieving stable pricing outcomes
with minimal human oversight. These distinctions suggest that treating algorithmic and human

tacit collusion as functionally equivalent may no longer be tenable.

The chapter thus systematically examined possible antitrust remedies. Under de iure condito, it
first considered an “objectivized” interpretation of concerted practices under Article 101 TFEU,
shifting from a subjective assessment of intent to a focus on the structural and functional features
of algorithmic interaction. Though doctrinally innovative and potentially better suited to opaque
algorithmic environments, this approach risks blurring the line between unilateral and coordinated

conduct, with implications for legal certainty.

It then examined the application of the doctrine of collective dominance under Article 102 TFEU,
suggesting that pricing algorithms could facilitate a de facto common policy in oligopolistic
markets. While grounded in precedent, this approach faces high evidentiary thresholds and may

struggle to capture the nuances of algorithmic behavior.

The chapter also discussed merger control as a structural remedy for preventing collusion-prone
market configurations, noting its forward-looking potential but also its limitations in fast-evolving

digital markets.

Finally, it examined the potential of market studies and market investigations to uncover and
address structural risks of collusion ex ante, even in the absence of an infringement. These tools,
especially as deployed under the UK model, offer flexibility and institutional depth, allowing

regulators to intervene where traditional antitrust enforcement may fall short. However, their
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effectiveness depends on the regulator’s mandate, resources, and the availability of non-punitive

remedies.

Subsequently, the chapter turned to regulatory remedies, focusing on de iure condendo proposals.
In particular, it presented the “compliance by design” framework, which would require firms to
program pricing algorithms in ways that minimize the risk of collusive outcomes. This approach,
modeled on data protection law, was discussed both in terms of technical feasibility and legal

design, acknowledging the potential trade-offs in terms of regulatory burden and innovation.

Finally, the chapter introduced the novel theory of “outcome visibility”, based on the premise that
collusive outcomes — though generated autonomously by algorithms — remain observable to firms.
Accordingly, firms would have a duty to intervene and restore competitive pricing once they
become aware of such outcomes, regardless of their knowledge of the algorithm’s inner workings.
This ex post obligation was proposed as a complement to ex ante compliance mechanisms and

aimed to avoid the passive entrenchment of algorithmic collusion.

In conclusion, the chapter suggested that while traditional antitrust tools may offer partial
solutions, they should be supplemented by regulatory approaches specifically tailored to the
challenges posed by algorithmic coordination.

The overall conclusion is that EU antitrust law is, on balance, relatively well-positioned to address
the challenges posed by pricing algorithms and their potential to facilitate collusion. This readiness
reflects both the EU’s longstanding experience with tacit collusion and its proactive stance in
addressing the broader implications of digitalization. Together, these factors provide a solid

foundation for tackling algorithm-driven collusion.

That said, a key question remains: why, despite the apparent robustness of the antitrust toolkit,
have enforcement actions against algorithmic collusion been so limited? Several explanations are
possible. The first, as noted at the outset, is that algorithmic collusion — especially in its tacit form
—remains largely theoretical. This thesis has not tested that assumption directly, relying instead on
experimental literature showing that pricing algorithms can learn to collude in simulated

environments resembling real markets.

Other explanations may be of a more practical nature. One possibility is that competition

authorities currently face significant technical challenges in detecting algorithmic collusion.

185



Paradoxically, while enforcement tools may be formally in place, authorities may lack the
necessary capacity to identify algorithmic coordination as it occurs. In response, a growing body
of scholarship has emphasized the potential role of algorithmic detection tools in enforcement (an
approach referred to as “computational antitrust”).%%* In this regard, integrating such tools into
market studies and investigations may offer a promising approach for uncovering coordinated

effects arising from the use of pricing algorithms.

Another explanation lies in the growing prevalence of personalized pricing in contemporary
markets. If firms increasingly adopt individualized pricing strategies, the scope for algorithmic
collusion may, as previously discussed, be structurally limited. Should this hypothesis prove valid,
the diffusion of personalized pricing might represent a natural counterbalance to the risks posed
by algorithm-driven coordination. Yet, as noted, personalized pricing introduces its own complex
set of regulatory challenges. Ultimately, this thesis does not claim to offer definitive answers.
Instead, it aims to contribute to an ongoing reflection on how emerging pricing technologies are

reshaping the boundaries and enforcement of competition law.

604 See Thibault Schrepel, ‘Computational Antitrust: An Introduction and Research Agenda’ (2021) 1
Stanford Computational Antitrust 1. See also, among the others, Giovanna Massarotto, ‘Detecting
Algorithmic Collusion” forthcoming in 86 Ohio State Law Journal (2025), available at
<https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5191297> (last accessed April 2025); Isabella
Lorenzoni, ‘Why do Competition Authorities need Artificial Intelligence?’ (2022) Yearbook of Antitrust
and Regulatory Studies 33.
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