A New Architecture for Trustworthy Al in International Law:
Regulation-Aware Neuro-Symbolic Legal World Models (R-ANSLWMs)
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A hybrid approach that integrates the
roboot learning of neural networks
with the structured reasoning and
interpretability of symbolic methods
(like rulss and logis).

Opaque Al Models introduce
Substantial Risks

Purely neural models like LLMs are
prone to halmzinations, embadded
staves, and en-inability to provide
structured, verifiable ayplanations,
making them unsuitable for
high-stakes legal environments.

THE R-NSLWM ARCHITECTURE:

A Four-Layer Framework

Layer 4: The Interface
Agentic Workflows

Instantiates workflows where homan experts (e.g.,
lawyers, atbitrators) wloract with neuro-symbolic
agents to perform tasks like contract drafting,
system evaluation, and dispute resolution support.

Risks are Amplified in
Global Commerce

In cross-border operations like
sanctions screening, AML, and
supply-chain outimization, the
reliability and explainability of Al
systems directly impact iiability
and regulatory exposure.

Layer 3: The Engine -
Neuro-Symbolic Constraint & Explanation

Connects the LKG and World Models. It enforces
legal and operational rules as explicit constraints
on sbnulations and generates stroctured, legally
intelligible explanations for outcomes.

Emerging Regulations
Demand a New
Standard of Trust

Frameworks like the EU Al Act
impose striet, rick-based obligations
on-al-systems, mandaring
trangpareacy, human oasteight, and
robuelnees that purely date-driven
modals cannot easlly meet.

Layer 2: The Simulation -
Commercial World Models

Domain-specific “Lagal Digital Twine” that
simulate commercial systems like global
supply cheins or financial networks.
Simulated events are linked back to the legal
rules in the LKC.

KGs provide a structured, mechine-
readable representation of entities
and their relationships, encoding
domain knowledge to constrain
and guide Al reasoning.

These models learn representations of

complex environments to simulate future states.
A “Legal Digital Twin" is a world model of a
commercial ecosystem (e.g., a supply chain)
constrained by both physicafand legal rules.

Al systems under the EU Al Act
and drafting requlatory-compliant
contractual elsases.

Explainable Risk Modeling
in Trade Finance

Combine a world model of credit
portfolios with a filé of financial

regulations to simulate credit decisions,
enforce fairness constraints, and
generate homan-readable risk reports.

World-Model-Based
Arbitration Support

Use “Legal Digital Twins" to simulate
“what if" scenarios in disputes,
allowing tribunals to eealuate
counterfectnals (e.g., the impact

of a clance interpretation) with
verifiable, rule-grounded evidence.
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THE RESEARCH AGENDA:
Challenges to Overcome

Representation & Semantics

Developing methods to formalize open-textured
legal concepts (e.g., ‘reseonablences”) and align
symbolic legal norms with the continuous date of
world models.

Neuro-Symbolic Inference & Learning

Training fiybrid models that remain faithful to
explicit legal constraints while generalizing from
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Layer 1: The Foundation -
Legal Knowledge Graphs (LKG)

A comprehensive, multi-jurisdictional
knowledge graph representing regulations (EU
Al As)). International laws (CISC), contracts,
and puts'gmtiunce with previsely encoded
relationships.

“Trustworthy Al" Cannot Be
Achieved by Scaling Alone

The inherent ilinitations of LLMs indicate that simply
increasing model size will not solve the fundamental
need for structured reasoning and verifiability in logal Al.

data, potentially using causal Al methods for robust

1 EU Al Ah‘.i. for robust conclusions.
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® Benchmarks, Evaluation & Governance

Creating new benchmarks for “regulation-aware”
reasoning, deecloping metrics to svaluatn the
quality of legal explanations, and ensuring the
integrity of the core RGs.



