7/, STAMEORD
UNIVERSITY
The 9th STIU International Conference July 29-31, 2025, Thailand

ALGORITHMIC PRICING AND ANTITRUST LAW: REGULATORY
FRAMEWORK FOR AI-DRIVEN MARKET MANIPULATION IN DIGITAL
COMMERCE

Dingliang Lu !

Hui Guo *

Dongmei Li 3
Apichaya Kunthino *
Ziyue Wang ®

IS Innovation College, North-Chiang Mai University

* Corresponding Author, E-mail: David.guohui@northcm.ac.th

Abstract: The proliferation of artificial intelligence-driven algorithmic pricing systems in digital
commerce has created unprecedented challenges for traditional antitrust enforcement frameworks,
fundamentally undermining legal doctrines developed for human-mediated market coordination. This
article examines how existing competition law proves inadequate when applied to algorithmic market
manipulation operating through autonomous computational processes rather than explicit agreements
between competing firms. The research demonstrates that algorithmic tacit collusion emerges through
reinforcement learning processes enabling pricing algorithms to discover coordination strategies
without explicit programming for cooperative behavior. Experimental evidence shows Q-learning
algorithms consistently develop coordination strategies achieving outcomes statistically
indistinguishable from explicit cartels despite operating through purely computational processes.
Current legal frameworks face pervasive inadequacies including evidentiary challenges in proving
algorithmic intent, doctrinal limitations in applying agreement-based concepts to autonomous Al
systems, and enforcement difficulties from technical barriers and cross-border regulation gaps. This
article proposes comprehensive regulatory solutions addressing immediate enforcement needs and
structural reforms. Short-term measures include algorithmic transparency requirements and industry
guidance frameworks. Long-term reforms encompass legislative updates establishing algorithmic
coordination as distinct antitrust violations based on outcomes rather than intent, expanded enforcement
powers including real-time surveillance capabilities, and international coordination mechanisms. The
proposed framework would establish liability based on demonstrating algorithmic systems achieved
coordination outcomes substantially reducing competition and harming consumer welfare, regardless

of conscious human intent.
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Introduction

Problem Statement

The rapid proliferation of artificial intelligence-driven algorithmic pricing systems in digital
commerce has fundamentally transformed market dynamics, creating unprecedented challenges for
traditional antitrust enforcement frameworks (Ezrachi & Stucke, 2016). Contemporary digital platforms
increasingly deploy sophisticated machine learning algorithms that autonomously adjust prices in real-
time based on vast datasets encompassing competitor behavior, consumer preferences, and market
conditions (Calvano et al., 2020). This technological evolution has introduced novel forms of market
coordination that operate beyond the conceptual boundaries of conventional antitrust doctrine,
particularly the foundational requirement of explicit agreement or conspiracy among competitors
(Harrington, 2018).

Modern pricing algorithms can achieve parallel pricing outcomes through sophisticated data
analysis and predictive modeling without any direct inter-firm communication or human intervention
in the price-setting process (Assad et al., 2020). This phenomenon has been empirically documented
across multiple digital sectors, from e-commerce platforms to ride-sharing services, where algorithms
consistently converge on similar pricing patterns despite the absence of traditional collusive
arrangements (Chen & Shelanski, 2019).

The legal implications of this technological transformation are profound. First, the evidentiary
standards established under existing antitrust jurisprudence become increasingly inadequate when
applied to algorithmic decision-making processes (Schwalbe, 2018). Courts have traditionally relied on
evidence of direct communication, shared intent, or explicit coordination to establish antitrust
violations, yet algorithmic systems can achieve identical outcomes through purely computational
processes that leave minimal evidentiary traces of human coordination (Van Loo, 2019).

Second, the opacity inherent in many machine learning systems creates insurmountable
challenges for both regulatory oversight and private litigation (Pasquale, 2015). Advanced pricing
algorithms often operate through complex neural networks whose decision-making processes cannot be
readily explained or predicted, even by their creators (Burrell, 2016). This technological opacity
fundamentally undermines the traditional antitrust analysis framework, which depends on
demonstrating causal relationships between specific business conduct and anticompetitive market
outcomes.

The speed and scale at which algorithmic pricing operates exceed the capacity of traditional
regulatory responses. While conventional price-fixing investigations may unfold over months or years,
algorithmic systems can adjust prices thousands of times per day across multiple markets

simultaneously (Brown & MacKay, 2023). This temporal mismatch creates enforcement gaps that
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potentially allow sustained periods of consumer harm before detection and intervention become
feasible.

Research Question and Contribution

This investigation examines how existing antitrust frameworks address algorithmic market
manipulation, specifically whether traditional legal doctrines developed for human-mediated market
coordination can effectively regulate Al-driven pricing systems in digital commerce. The research
encompasses three analytical dimensions: doctrinal compatibility, enforcement capability, and remedial
effectiveness.

This article contributes to antitrust regulation discourse by developing a comprehensive
framework of targeted regulatory proposals specifically designed to address algorithmic market
manipulation challenges. The contribution advances beyond existing scholarship through three primary
innovations: development of a tiered regulatory approach distinguishing between algorithmic
sophistication levels, articulation of novel enforcement mechanisms adapted to Al-driven markets'
temporal and technical characteristics, and proposal of international coordination frameworks

addressing algorithmic pricing systems' inherently global nature.

Algorithmic Pricing and Market Manipulation

Algorithmic Mechanisms and Novel Coordination Forms

Contemporary algorithmic pricing systems represent a paradigmatic shift from static, human-
determined pricing strategies to dynamic, automated processes adjusting prices in real-time based on
complex data analysis (Chen & Shelanski, 2019). Dynamic pricing algorithms employ rule-based
approaches automatically adjusting prices based on predetermined parameters such as demand
fluctuations, inventory levels, competitor pricing, and temporal factors (Besbes & Zeevi, 2018).

Machine learning-based pricing systems represent a qualitative advancement, employing
artificial intelligence techniques enabling algorithmic systems to identify complex patterns in market
data and adapt pricing strategies based on observed outcomes (Calvano et al., 2020). These systems
utilize supervised learning algorithms trained on historical market data, reinforcement learning
approaches enabling algorithms to learn from pricing decision consequences, and unsupervised learning
techniques identifying previously unknown patterns in competitive behavior.

Algorithmic tacit collusion represents a fundamental evolution beyond traditional coordination
mechanisms, wherein competing firms achieve parallel pricing outcomes through purely computational
processes rather than conscious parallel conduct among human decision-makers (Harrington, 2018).
Unlike conventional tacit collusion requiring firms to consciously recognize mutual interdependence
and deliberately coordinate pricing strategies, algorithmic tacit collusion can emerge spontaneously
from machine learning systems independently discovering coordination strategies through iterative

market interaction.
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Experimental evidence from Calvano et al. (2020) demonstrates that Q-learning algorithms
competing in repeated pricing games consistently developed coordination strategies achieving pricing
outcomes statistically indistinguishable from explicit collusion, despite absence of communication
mechanisms or cooperative programming. The algorithms achieved coordination through sophisticated
strategies including price leadership patterns, punishment mechanisms for deviating competitors, and
gradual price escalation techniques maintaining coordination stability.

Automated price signaling represents another novel manipulation form enabling coordination
through sophisticated communication mechanisms embedded within pricing decisions themselves
(Schwalbe, 2018). These signaling mechanisms operate through various encoding techniques including
periodic price adjustments following predetermined mathematical sequences, price positioning
strategies maintaining consistent relative relationships with competitor pricing, and temporal
coordination patterns synchronizing pricing changes across competing firms.

Distinction from Traditional Manipulation

The fundamental characteristics distinguishing algorithmic market manipulation from
traditional anticompetitive conduct center on two transformative elements: absence of explicit
agreements between competing firms and autonomous nature of algorithmic execution processes
operating independently of direct human control (Harrington, 2018).

Traditional antitrust doctrine requires demonstration of explicit or implicit agreements among
competitors coordinating market behavior in ways restricting competition and harming consumer
welfare (Areeda & Hovenkamp, 2019). However, algorithmic pricing systems fundamentally
complicate this framework by achieving coordination outcomes through computational processes
operating without explicit inter-firm agreements or conscious coordination decisions by human actors.

Machine learning algorithms can develop coordination strategies through iterative market
interaction and competitive learning processes requiring no communication or agreement between firms
employing these systems (Calvano et al., 2020). The coordination emerges from algorithmic learning
processes themselves rather than conscious business decisions to coordinate competitive behavior.

Automated execution operates through entirely different mechanisms compressing decision-
making processes into automated computational procedures that can implement, modify, and adapt
coordination strategies without ongoing human intervention or awareness (Brown & MacKay, 2023).
Once deployed, sophisticated machine learning algorithms can autonomously analyze market
conditions, identify coordination opportunities, implement coordination strategies, monitor competitive

responses, and adapt approaches based on observed outcomes.
Inadequacies of Current Legal Framework

Evidentiary Challenges

Traditional antitrust enforcement relies upon principles of proving corporate intent and
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demonstrating causal relationships between specific business conduct and anticompetitive market
outcomes, principles becoming fundamentally inadequate when applied to algorithmic market
manipulation (Hovenkamp, 2021).

Proving algorithmic intent represents a fundamental departure from traditional antitrust
analysis, which has historically relied on documentary evidence, witness testimony, and circumstantial
evidence to establish mental states of corporate actors engaging in allegedly anticompetitive conduct
(Baker, 2019). Algorithmic pricing systems fundamentally disrupt this framework by implementing
coordination strategies through computational processes operating without conscious human intent
formation or awareness of coordination effects.

Establishing causation between algorithmic conduct and anticompetitive market outcomes
presents equally formidable challenges. Traditional causation analysis requires demonstration that
specific business practices caused particular market outcomes, typically proven through economic
analysis isolating effects of allegedly anticompetitive conduct from other market factors (Werden,
2018). Algorithmic pricing systems operate through complex computational processes processing vast
quantities of market data and implementing pricing decisions through mathematical models that may
be incomprehensible even to their creators.

Doctrinal Limitations

The foundational concept of "agreement" in antitrust jurisprudence faces unprecedented
challenges when applied to artificial intelligence-driven market coordination (Waller, 2019). The
agreement requirement serves as the cornerstone of modern competition law, distinguishing legitimate
independent competitive conduct from illegal coordination subverting the competitive process.

Contemporary algorithmic pricing systems fundamentally challenge this doctrinal framework
by achieving coordination outcomes through machine learning processes operating without conscious
human agreements or awareness of coordination effects. Reinforcement learning algorithms can
independently discover coordination strategies through iterative market interaction, developing
sophisticated coordination mechanisms optimizing collective outcomes without inter-firm
communication or explicit cooperative programming.

The conscious parallelism doctrine enabling courts to infer agreements from parallel conduct
combined with additional factors suggesting coordination becomes particularly problematic in
algorithmic contexts. The doctrine relies on assumptions that conscious parallel conduct by rational
economic actors implies coordination, as independent competitors would not naturally adopt identical
strategies without communication or understanding (Kaplow, 2013). However, sophisticated machine
learning algorithms analyzing identical market data may independently converge on similar
coordination strategies through purely computational processes.

Enforcement Difficulties

Algorithmic antitrust enforcement faces unprecedented technical barriers and jurisdictional
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complexities fundamentally challenging institutional capabilities and regulatory frameworks developed
for traditional market oversight (Van Loo, 2019). Technical barriers begin with detection challenges,
as sophisticated machine learning systems can implement coordination strategies operating below
traditional market surveillance mechanism thresholds.

The temporal mismatch between algorithmic market manipulation and traditional enforcement
procedures represents a critical barrier undermining regulatory effectiveness. Algorithmic pricing
systems can implement, test, and modify coordination strategies within milliseconds, while traditional
antitrust investigations operate on timescales measured in months or years (Brown & MacKay, 2023).

Cross-border regulation gaps arise from algorithmic pricing systems' inherently global nature
operating across multiple national jurisdictions simultaneously. Algorithmic pricing systems frequently
operate through cloud-based computational infrastructure distributed across multiple countries, with
data collection, algorithmic processing, and pricing implementation occurring in different national

jurisdictions (Sokol & Comerford, 2016).

Regulatory Solutions

Short-term Measures: Algorithm Transparency Requirements, Industry Guidance

Short-term regulatory responses require immediate implementation of transparency
requirements and industry guidance frameworks operating within existing legal structures while
providing foundational elements for comprehensive long-term regulatory reform (Gal, 2019).

Algorithm transparency requirements represent the most critical short-term intervention
addressing fundamental opacity enabling algorithmic market manipulation to operate beyond regulatory
detection and oversight. The proposed transparency framework establishes three tiers of disclosure
requirements corresponding to different levels of algorithmic complexity and market significance. Basic
automated pricing systems would be subject to minimal documentation requirements, while advanced
artificial intelligence systems employed by dominant market participants would face comprehensive
transparency requirements including detailed algorithmic documentation, periodic auditing by
independent technical experts, and real-time monitoring data.

Industry guidance represents the second essential component providing immediate clarity about
acceptable algorithmic practices while enabling businesses to adapt systems to avoid potentially
anticompetitive behavior. The proposed guidance would establish safe harbor provisions for algorithmic
systems complying with specified transparency and governance requirements, providing legal certainty
for businesses implementing automated pricing while focusing enforcement attention on sophisticated
and potentially harmful coordination mechanisms.

Long-term Reforms: Legislative Updates, Expanded Enforcement Powers

Fundamental inadequacies of existing antitrust frameworks when applied to algorithmic market

manipulation necessitate comprehensive legislative reforms reconceptualizing competition law for the
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artificial intelligence era while expanding enforcement powers to address algorithmic coordination's
unique characteristics (Khan, 2017).

Legislative modernization represents the most critical long-term reform. The proposed
legislative framework would establish algorithmic coordination as a distinct category of antitrust
violation not requiring demonstration of traditional agreement elements. Instead, liability would be
based on demonstrating that algorithmic systems achieved coordination outcomes substantially
reducing competition and harming consumer welfare, regardless of whether human actors consciously
intended or agreed to coordinate market behavior (Harrington, 2018).

Expanded enforcement powers represent the second essential component, providing
competition authorities with technological capabilities and legal authorities necessary to address
algorithmic market manipulation effectively. The proposed enforcement expansion would establish
algorithmic market surveillance units within major competition authorities, equipped with advanced
data analytics capabilities and staffed by personnel with relevant technical expertise. Real-time
intervention authority would enable competition authorities to issue temporary restraining orders or
interim measures within hours of detecting algorithmic coordination.

International Coordination: Cross-Border Cooperation Mechanisms

The inherently global nature of algorithmic pricing systems operating across multiple
regulatory jurisdictions simultaneously necessitates unprecedented levels of international coordination
among competition authorities (Bradford, 2020). The proposed multilateral algorithmic competition
enforcement framework would establish standardized legal approaches, share technical capabilities, and
coordinate enforcement mechanisms among major competition authorities worldwide.

Harmonized legal standards for algorithmic coordination liability would reduce conflicts
between different national antitrust regimes while enabling effective prosecution of global coordination
schemes. Real-time information sharing protocols would establish secure, automated information
sharing networks enabling competition authorities to exchange algorithmic surveillance data and
coordination alerts in real-time, facilitating immediate coordinated responses to detected coordination

attempts.

Conclusion

Key Findings Summary

This investigation reveals fundamental inadequacies in existing regulatory frameworks when
applied to Al-driven market manipulation in digital commerce. Traditional antitrust doctrine, developed
for human actors engaging in conscious coordination, faces unprecedented challenges when applied to
algorithmic systems achieving coordination outcomes through purely computational processes
operating beyond direct human control or awareness.

Algorithmic tacit collusion emerges through reinforcement learning processes enabling pricing
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algorithms to discover coordination strategies without explicit programming for cooperative behavior.
Experimental evidence demonstrates Q-learning algorithms consistently develop coordination
strategies achieving pricing outcomes statistically indistinguishable from explicit cartels, despite
operating through autonomous computational processes rather than conscious human coordination
decisions.

Current legal frameworks face pervasive inadequacies including evidentiary challenges in
proving algorithmic intent and establishing causation, doctrinal limitations in applying agreement-based
concepts to autonomous Al systems, and enforcement difficulties from technical barriers and cross-
border regulation gaps. The agreement requirement anchoring modern competition law becomes
problematic when coordination emerges from algorithmic learning processes rather than conscious
human decisions.

Policy Recommendations

Competition authorities should immediately implement graduated algorithmic transparency
requirements providing essential oversight capabilities without imposing excessive compliance
burdens. Congress should enact comprehensive legislation establishing algorithmic coordination as a
distinct category of antitrust violation based on demonstrating coordination outcomes substantially
reducing competition and harming consumer welfare, regardless of conscious human intent.

Competition authorities require immediate investment in specialized technical capabilities and
personnel necessary for effective algorithmic market surveillance and enforcement. The United States
should lead development of a comprehensive multilateral algorithmic competition enforcement treaty
establishing standardized legal approaches, shared technical capabilities, and coordinated enforcement
mechanisms among major competition authorities worldwide.

Regulatory frameworks must incorporate sunset clauses and mandatory review mechanisms
enabling adaptation as algorithmic technologies continue to evolve rapidly. The successful
implementation of these recommendations requires careful sequencing building institutional

capabilities while maintaining business certainty and innovation incentives.
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