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Ant colonies Pandemics Online social networks

Emergence • Nonlinearity • Feedback Loops
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AI as a complex system 

Emergent capabilities 

Nonlinear jumps 

Feedback loops
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Page 4 Much of legal thinking remains rooted in an industrial-age, 
reductionist mindset

Atomistic approach 
Focus on isolating specific units of 
analysis—a specific market, data 
processing, AI system—as a target 
of regulation 

Additive outcomes 
A system is equal to the sum of its 
parts

Causal relationships 
Between input and output; a 
behaviour and its outcomes



Atomized approach 

• One thing a time (atomized) approach 
• Focusing on a single component as a target of 

regulation in the face of multiple interacting 
components 

• Studying single ant in ant colonies 

• Common in 
• Data protection 

• Competition law

• AI regulation (AI Act) 

• Challenges 
• Difficult to isolate an atom 

• Misses emergent, system-level risks: 



Atomized approach in data protection law 
and competition law 

• Focus on isolating 
• Single data processing operation (DPL)

• Relevant product/service market (CL)

• Regulatory challenges in light of complexity from 
• Emergence of companies processing personal data for 

multitude of purposes/services  

• Emergences of multi-product & ecosystem markets 

• Atomized approach 
• Misses emergent, system-level behaviors: 

• Privacy risks arising from totality of data processing operations  

• Economic power from managing relations and data access 
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Atomized approach in AI regulation 

• AI Act - single AI system, single risk logic

• Challenges from emergent behavior from multi-agent systems 

– Collective bias or manipulation 

• Recognizes systemic risk but

– Parameter still focuses on capabilities of a single model 

• Emergence from MAS → implications for many other domains 

– Liability 
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Additive logic & the fallacy of composition

• Additive logic: a system = sum of its parts

– Law: if each component complies, the system is deemed compliant  

– Risk of ignoring emergent risks 

• Illustration  - US constitutional privacy 

– US v. Jones (2010)

• “[t]he sum of an infinite number of zero-value parts is also zero.” 

• Classic fallacy of composition 

– Reversed in Carpenter v. U.S. (2018) 

• Aggregate data can violate privacy even if individual datasets don’t 

• Recognizing emergent behavior from scale – ‘more is different’
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Similar tendencies in copyright law, LLMs & training data

• Key challenge: reproduction vs. transformation

– Difficult to prove substantial similarity between training data and outputs 

• Claimants’ systemic argument 

– LLMs are “compressed copies” of training data.

– Every output a “recasting or adaptation” of protected works

– Infringement occurs at the system level

• Courts’ emerging (reductionist) view

– No infringement unless a specific output or model layer is substantially similar

• Lesson from privacy to copyright law

– Change in scale may imply a change in principle? 
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Causal dynamics

• Causality in many legal domains 

– Tort law: conduct and harm

– Copyright law: input and output

• Regulatory challenges from emergence 

– Tort law: 
• Regulatory challenges with autonomous systems — a “victim without a perpetrator” problem 

– Copyright law: 
• Discussions on AI generated content — creative outputs without an author



• Mental modes 
– System level analytical framework 

– Accounting for system wide (e.g. emergent) 
behaviors 

• Tools & methods for understanding & 
modelling complex systems 
– Agent-based modelling  

– Network analysis

What insights does complexity science 
offer to the field of law?
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Mental modes

• A system level analytical framework  

– Ecosystem approach in competition law 
• Shift from regulating single markets to ecosystem of markets 

• New forms of power 

– Incorporate emergent thinking 
• Developments in the US regarding constitutional privacy  

• System level analytical framework in AI regulation 

– Beyond single-model, single output logic 
• Consider MAS & system level testing in certain sectors? 

– Fitting institutional framework 
• Institutions with system-level view?
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Tools & methods 

• Competition law leading the way 

– ABM to uncover emergent collusive behavior 
between firms (AI agents) 

– Network analysis to map positional & data power

• Opportunities in other legal domains

– ABM + network analysis for liability attribution 

– Use ABM to identify & assess emergent (systemic) 
risks in AI Act?
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Final remarks

• Complex systems are everywhere — tech law must evolve

• Challenges

– Law built on stability, predictability, and clear causal chains

• Opportunities — a new way of seeing and governing

– Adopt system-level mental models 

– Experiment with new tools and methods

• Ambition

– Not to make law complex — but to make it fit for a complex world
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