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Abstract. Large Language Models (LLMs) have demonstrated remarkable 

promise in performing legal tasks. Yet, trust in their use remains limited due to 

non-determinism and opacity—qualities that conflict with the transparent, 

interpretable, and auditable nature of legal reasoning. This PhD project explores 

how neuro-symbolic methods, which combine neural networks with logic-based 

systems, can bridge this divide. Drawing on legal positivism and particularly the 

legacy of H. L. A. Hart, the study frames symbolic AI as aligned with structured 

reasoning, and views neural models as instruments of interpretive flexibility, 

comparable to judicial discretion in "hard cases." The project proposes a 

framework that combines structure and discretion, mirroring Hart's theory of 

adjudication. It argues that symbolic AI is best suited for handling “easy cases,” 

where legal rules are clear and determinate, while neural AI can fill the 

interpretative gaps where the rules "run out." Through this novel neuro-symbolic 

framework, the project recontextualises Hart's legal theory for the AI era and 

shows how subsequent critiques can guide future research in this theoretically-

grounded approach to structuring and processing law and legal reasoning. 
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1 Motivation and Research Questions 

LLMs have demonstrated remarkable capabilities in performing legal tasks.1 Yet, 

despite their achievements, LLMs have yet to gain widespread trust, primarily due to 

two critical limitations: non-determinism and opacity (Barbiero et al. 2023). These 

limitations are not incidental but inherent to the data-driven, associative nature of 

LLMs. As a subset of neural AI, LLMs use probabilistic modelling, making them non-

deterministic under standard settings—from the same input they can produce different 

outputs. This inconsistency poses significant challenges in legal contexts, where 

reliability is essential. Opacity, meanwhile, arises from the way decisions are made. 

Because the decision-making process is distributed across billions of parameters rather 

than explicit rules, LLMs lack the transparency and interpretability needed to earn trust 

in high-stakes domains such as law. 

Before the rise of LLMs, legal AI was dominated by symbolic methods that encoded 

legal rules and reasoning into structured, logic-based frameworks to mirror human legal 

 
1 See, for instance, surveys conducted by Lai et al. (2024) and Katz et al. (2023). 
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problem-solving.2 During this symbolic AI era, the challenges of non-determinism and 

opacity were largely absent. Logic-based systems operate with deterministic precision, 

allowing decisions to be traced back to their source. Conclusions follow explicitly 

defined reasoning paths, providing transparency, auditability, and interpretability. 

Given identical inputs, symbolic systems consistently produce the same outputs—

delivering a reliability that modern LLMs struggle to match. 

Yet, knowledge-based systems face challenges of their own. Developing them 

demands significant effort to define explicit rules and construct logical pathways, 

resulting in rigid architectures that are difficult to scale. Unlike human reasoning, which 

fluidly adapts to nuance and interpretive complexity, symbolic AI struggles with the 

context-dependent nature of law, which resists being reduced to explicit rules and 

logical deductions. Consequently, many attempts at creating legal knowledge-based 

systems failed to gain widespread adoption or scale effectively. Here, LLMs offer a 

complement—their flexibility and scalability show promise in overcoming 

longstanding limitations of symbolic systems.3 

Since neural and symbolic approaches have complementary strengths that can offset 

each other's limitations, their combination presents a promising direction for structuring 

and processing law and legal reasoning. This PhD examines how to best combine the 

two approaches to reflect legal thinking processes, using tax law as a case study. It 

further explores whether this combined approach could enhance reasoning systems 

beyond the legal domain. The investigation unfolds through two main research 

questions. 

 

● RQ1: How can symbolic and neural methods be effectively combined to 

structure and process international tax law? 
o RQ1.1: Can the feasibility of the proposed combination be validated 

through a case study focused on individual tax residency tests? 

● RQ2: Can this neuro-symbolic combination be generalised beyond the legal 

domain, specifically to inform the development of explainability frameworks 

for general-purpose AI systems? 

 

The outcome of RQ1 will be a theoretical proposal, which will be tested on 

individual tax residency tests across various jurisdictions through RQ1.1. After 

validation, RQ2 will examine whether the framework can extend beyond tax law—first 

to legal reasoning broadly, and ultimately to general-purpose AI systems. 

The thematic link between RQ1 and RQ2 lies in explainability—a critical 

requirement in both legal reasoning and AI systems. If the proposed neuro-symbolic 

approach (RQ1) successfully captures legal reasoning's transparency and clarity 

(RQ1.1), we can then explore its potential contribution to general-purpose AI systems 

(RQ2), where explainability remains essential yet largely unachieved. 

 
2 Knowledge-based systems focusing on tax law include McCarty (1977), Hellawell 

(1980), Michaelsen (1984), Sanders (2001), Merigoux et al. (2021), and Lawsky 

(2022). 
3 See, for instance, Kant et al. (2024) and Kant et al. (2025). 
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2 Related Work and Research Challenges 

Over the last five decades, the field of legal AI research has undergone a dramatic 

evolution. What began as conceptual explorations of AI’s potential in the legal domain4 

has progressed through legal expert systems,5 legal analytics,6 legal NLP and machine 

learning models,7 and domain-specific LLMs.8  

This brief review examines two main trajectories in this evolution: the "symbolic 

track," characterised by logic-based systems, and the "neural and LLM track," driven 

by neural architectures and statistical learning. Though these tracks developed largely 

in parallel, there is now growing interest in combining them through neuro-symbolic 

AI. 

 

2.1 Symbolic AI Track 

Symbolic AI in law focuses on formal logic and structured knowledge representation 

in legal contexts. Efforts include formalising and coding legal sources,9 developing 

structured argumentation and reasoning frameworks10 and processing legal information 

in a structured way. 

While these systems show potential, they struggle with the size, complexity and 

nuance of law. Creating rules demands extensive manual effort, and purely logical 

structures struggle to capture deeper semantic legal meanings. These limitations have 

motivated the shift toward data-driven, neural and LLM approaches in legal AI. 

 

2.2 Neural and LLM Track 

In 2010s, machine learning and NLP enabled models to learn from large legal datasets. 

This opened new possibilities for machine summarisation, data preprocessing, and 

classification, information retrieval and extraction, and text generation.11 Advances in 

deep learning further expanded the capabilities of legal NLP, allowing models to 

engage with legal texts more effectively. 

Despite their strengths, LLMs are yet to earn full trust in legal settings. Their 

reliability is limited by their non-deterministic nature—they can generate different 

outputs for the same input under standard settings. Additionally, their internal reasoning 

processes remain largely opaque, making it impossible to trace how decisions are 

reached. These features at odds with the ideals of transparency and traceability that 

 
4 See, for instance, Gardner (1984). 
5 See, for instance, Sergot et al. (1986). 
6 See, for instance, Katz (2012). 
7 See, for instance, Aletras et al. (2016). 
8 See, for instance, Colombo et al. (2024). 
9 See, for instance, Sergot et al. (1986), Hoekstra et al. (2007), Satoh et al. (2011), 

Merigoux, Chataing, and Protzenko (2021), Listenmaa et al. (2021), Lawsky (2022). 
10 See, for instance, Ashley (1991), Verheij (1999), Bench-Capon and Sartor (2003), 

Bex et al. (2003), Gordon and Walton (2006), Zurek and Araszkiewicz (2013), Al-

Abdulkarim et al., Prakken et al. (2015).  
11 Taxonomy of engineering tasks in legal NLP is taken from Katz et al. (2023). 
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underpin legal reasoning. In reverse, symbolic AI systems are deterministic, showing 

reasoning paths to original sources and ensuring consistent outputs for identical inputs. 

 

2.3 Neuro-Symbolic Track 

Combining neural and symbolic AI provides a promising way to overcome their 

separate limitations. The key question becomes: how can the two approaches be best 

combined in the legal context? 

Several legal neuro-symbolic architectures have already been explored. They can be 

compared using Kautz's (2022) framework, with three of his six categories being 

particularly relevant: 

1. Neuro | Symbolic architecture. Machine learning techniques are first applied 

to structure information, followed by logic-based methods that reason with this 

structured data. Examples of this approach can be found in LUIMA in Ashley 

(2017), Branting (2020), Mumford et al. (2023), Nguyen et al. (2023), Kant et 

al. (2024), and Kant et al. (2025). 
 

2. Neuro[Symbolic] architecture. Symbolic reasoning is integrated directly 

within a neural system. Drawing on Kahneman (2011) dual-system theory, this 

design mimics the interplay between fast, intuitive processing (System 1) and 

slower, deliberate reasoning (System 2). One of the options outlined in Nguyen 

et al. (2023) exemplifies this approach. 
 

3. Symbolic[Neuro] architecture. Neural pattern recognition is employed as a 

subroutine within a broader symbolic reasoning framework. While Zeleznikow 

et al. (1995) provides the closest reference to this model, this PhD takes a 

different approach. Instead of using neural and symbolic components 

separately, we propose combining them into a unified system where they 

complement each other. 
 

Unlike prior work, this project proposes a dual neuro-symbolic approach, employing 

a Neuro | Symbolic architecture for legal data structuring and a Symbolic[Neuro] 

architecture for legal data processing. In the structuring phase, LLMs can help create 

structured knowledge-based systems. During the processing phase, the LLMs are 

proposed to be invoked only when encoded rules prove insufficient to resolve the issue 

at hand. This design choice is grounded in legal philosophy—specifically, Hart's theory 

of adjudication. In Hart’s terms, LLMs are proposed to fill the interpretative gap when 

the rules run out, mirroring the judicial discretion in hard cases. 

3 Philosophical Foundation 

To understand the best way to combine neuro-symbolic AI in the legal domain, one 

must reflect on the nature of law itself: What role do norms play in the legal system? 

What defines a legal system? And ultimately, what is the very concept of law? This 

section explores these fundamental questions through Hart's theory of adjudication 

(1961). Rooted in legal positivism, Hart's framework for understanding law has taken 

on fresh significance in the age of AI. 
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3.1 Legal Positivism and H. L. A. Hart 

Hart was a proponent of legal positivism, a philosophical approach that views law as 

is—expressed through explicitly written rules enacted through formal processes—not 

as it should be. In this view, legal rules exist independently of ethics and morality. 

Hart's philosophy was later critiqued as incomplete by philosophers such as 

Dworkin, Alexy, MacCormick, among others. In short, they argued that legal 

adjudication requires more than just legal rules, stressing the role of legal principles 

and moral considerations.  

Nonetheless, these philosophical developments do not invalidate the importance of 

legal or diminish the value of structuring legal rules alone as a starting point. Rather, 

they suggest that systems should eventually expand to include additional layers of 

normative constraints, such as values and principles. The focused scope on legal rules 

and their structured application through Hartian philosophy thus acknowledges 

potential later developments while maintaining a focused analytical scope.  

Focusing solely on explicit rules also helps avoid critical risks that come with 

alternative approaches. Attempting to capture unwritten or subjective elements would 

require the system to determine what the law should be—a task that lies beyond this 

PhD’s purpose and introduces significant technical and bias risks.  

Though the model remains grounded in legal positivism and its inherent limitations, 

it can still offer valuable insights to support human adjudication. Moreover, it remains 

open to later extensions that might incorporate modern philosophical approaches to 

additional normative constraints in the future. 

 

3.2 Hart’s Theory of Adjudication 

Hart, writing in the mid-20th century, set out to answer a fundamental question in legal 
theory: how do judges decide cases? At the time, legal scholarship was dominated by 

two opposing views. Legal formalists claimed that judges ought to reason by 

mechanically applying legal rules to facts, as if legal reasoning were a closed logical 

system. On the other end, legal realists argued that judges actually make decisions 

based on their own preferences or broader social and political considerations, and only 

later rationalise those outcomes through legal reasoning. 

This tension between formalism and realism offers an interesting parallel to the 

modern divide between symbolic and neural approaches in AI. Formalists viewed the 

law as a system of explicit, deductive rules—akin to symbolic AI, which operates 

through structured representations and logical inference. Crucially, the degree of 

formalisation is flexible: it can stay high-level to permit flexibility, or detail constraints 

to limit interpretation. In contrast, realists emphasised the intuitive and context-

sensitive aspects of legal reasoning—comparable to the behaviour neural AI, relying 

on data-driven learning and statistical associations without pre-defined logic. 

Hart found both perspectives inadequate. In his view, formalism failed to capture the 

flexibility required in actual legal reasoning, whilst realism overstated the extent to 

which law is indeterminate and judicial decision-making unconstrained. In response, 

Hart developed his own theory of adjudication.  

He acknowledged that in most cases, judges can apply existing legal rules to resolve 

disputes in a relatively straightforward way. These are "easy cases", where the relevant 

facts clearly fall within the established meaning of a rule. However, legal rules may not 
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always yield definite outcomes. The language of existing rules may be vague, 

contested, or silent on the specific issue. In such “hard cases,” judges must exercise a 

degree of discretion to fill the interpretative gap. 

By exercising discretion, judges effectively establish a new point of reference for 

future cases. In this sense, they are not merely applying existing law but, in a limited 

sense, creating new law. This interpretative function keeps the legal system both 

adaptable and responsive to changes in a constantly evolving society. 

Crucially, judicial discretion is neither absolute nor arbitrary but constrained by 

established legal norms. Discretion, then, is best understood as a constrained form of 

lawmaking—an interpretive function that allows judges to extend the law to address 

novel or ambiguous circumstances while remaining anchored in the broader structure 

of the existing legal system.  

 

3.3 Hart and Neuro-Symbolic AI 

Hart's balanced view of adjudication offers a valuable framework for reconciling these 

perspectives through the lens of neuro-symbolic AI. This project hypothesises that 

knowledge-based symbolic AI is well-suited to clear-cut situations, where the input 

directly maps to the knowledge the system has. When there is no direct match, neural 

models provide a degree of adaptability that mirrors the judicial discretion required in 

"hard cases.” 

Just as Hart acknowledged that judicial discretion is constrained by the legal 

framework—and is not a license for unconstrained decision-making—so too can neural 

components function within well-defined boundaries. They can be activated only when 

symbolic reasoning, grounded in encoded rules, reaches its interpretative limits and the 

rules "run out." This neuro-symbolic approach is grounded in the authority and structure 
of rules yet remains flexible enough to navigate the uncertainties and complexities that 

inevitably arise in legal practice. 

4 The Proposed Neuro-Symbolic Approach 

Building on the complementary strengths of neural and symbolic AI components and 

the Hartian framework, this section proposes a method to combine both approaches for 

structuring and processing legal data, using international tax law as a case study. Since 

this project is in its early stages, the technical implementation relies on several 

hypotheses that will be tested as the project develops. 

 

4.1 Symbolic[Neuro] Appraoch for Legal Data Processing 

This section bridges Hart's theory of adjudication with neuro-symbolic AI system 

design, revealing a crucial divide: while judges engage in adjudication, LLMs only 

make predictions. This distinction suggests that the neuro-symbolic AI system can, at 

most, serve to inform adjudicative processes but not replace them. 

Bridging Hart and Neuro-Symbolic AI. As discussed, Hart’s framework 

distinguishes between "easy cases", where facts of the case clearly fall within the core 



 Toward a Neuro-Symbolic Approach to Structure and Process International Tax Law 7 

meaning of rules, and "hard cases," where questions lie in a margin of uncertainty. In 

hard cases, judicial discretion bridges the interpretative gap between the rule and the 

issue at hand. This discretion is not arbitrary—it remains bound by existing rules and 

the legal framework.  

In computational terms, "easy cases" have legal rules that map directly to the input, 

enabling reasoning through formal knowledge-based approaches alone. However, not 

all legal questions are this straightforward. Rules can "run out," leaving their 

application ambiguous or incomplete. In these "hard cases," where rules do not directly 

address the issue at hand, interpretation becomes necessary. To fill this interpretative 

gap, we propose invoking LLMs to predict the most likely resolution. 

This neuro-symbolic approach mimics how judges, as per Hart, exercise rule-bound 

discretion when confronting situations that do not fit neatly within the established rule 

meanings. Because symbolic logic is used at the primary structure and LLMs are 

invoked only for interpretative gaps, the architecture falls under the Symbolic[Neuro] 

category in Kautz’s (2022) categorisation.  

 

 
 

Fig 1: “Easy” and “hard” cases in a Symbolic[Neuro] Approach in the Legal Data 

Processing Stage. 

The Divide: Hart’s Adjudication and LLM Prediction. It is crucial, however, to 

distinguish between Hart's view of adjudication and what LLMs actually do: 

prediction. For Hart, adjudication is a normative, institutional process—how judges 

ought to decide, especially when rules are unclear. It involves authority and 

responsibility within a legal system. LLMs, by contrast, generate statistically likely text 

based on patterns in data. They provide no authority, no normative judgment, and no 
accountability—just prediction.  

While this indicates that neuro-symbolic AI systems cannot replace adjudicative 

processes, their predictive outputs remain valuable for informing decisions. Especially 

outside the courtrooms, these systems can help to navigate legal information, explore 

plausible interpretations, and understand possible legal outcomes. This potential forms 

both the motivation and orientation of this PhD project. 
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4.2 Neuro | Symbolic Approach for Legal Data Structuring 

While Hart's theory corresponds to legal data processing, modern computational 

systems require data to be structured first. The project hypothesises that a neuro-

symbolic approach could enhance this initial structuring phase as well. 

Law, particularly from a legal positivist perspective, is fundamentally grounded in 

legal texts. Legal texts typically exist in natural language in, at best, semi-structured 

formats. Raw text in this format has limited utility and poses significant challenges for 

computational processing. To derive meaningful insights, legal text must be organised 

into data structures. Several data structures have been explored to organise legal 

information, including tables, databases, trees, and graphs.12 

The project hypothesises that graph-based data structures offer the best approach to 

structuring law. This approach requires careful organisation to capture both the context 

and complexity of interconnected legal concepts. With proper contextualisation, these 

graph structures can effectively transform raw legal data into actionable knowledge. 

The challenges of manually structuring legal data (see limitations in the “Symbolic 

AI Track” section) and LLMs' demonstrated potential to address these longstanding 

issues, make a case for LLM-assisted legal data structuring—which falls under the 

Neuro | Symbolic category in Kautz's (2022) classification. While trust-related issues 

persist during the structuring stage (see limitations in the “Neural and LLM Track” 

section), these risks can be mitigated through human oversight in identifying and 

structuring legal concepts. Unlike legal data processing, the structuring stage works 

with finite sets of legal texts, suggesting that the need for human intervention will 

gradually decrease over time. This reduction in manual involvement should enhance 

the approach's scalability. 
The author also acknowledges limitations of graph data structures themselves, 

particularly their computational intensity and limited scalability when compared to, for 

instance, relational databases or tables. While the foundation is promising, its practical 

value remains to be proven as the project unfolds. 

 

4.3 Tax Law Case Study 

The choice to evaluate the proposed neuro-symbolic approach using individual tax 

residency tests is deliberate.  
 

1. Complexity and Scale. Tax law is notoriously complex due to its technical 

structure, frequent changes, and vast, diverse sources of data (Lawsky 2017). It is 

typically the longest law that a country has (Harris and Oliver 2010). While this 

complexity, which grows more rapidly than in other fields (Katz et al. 2020), 

challenges even experts, it also creates opportunities for computational systems to 

analyse and apply tax law more effectively by leveraging its rich and abundant 

regulatory data. 

2. Clarity, Predictability and Algorithmic Nature. Tax law stands out for its 

emphasis on clarity and predictability (Nay et al. 2023), making it easier to model, 

 
1212See, for instance, Flood and Goodenough (2014), Koniaris et al. (2018), Yu et al. 

(2020), Coupette et al. (2021), Hanauer et al. (2023). 
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structure and automate. Its reliance on logic, rules, and numerical calculations 

further enhances its compatibility with computational systems. This structured 

nature has already led to widespread adoption of tax software by both governments 

and private sector (Lawsky 2020). 

3. Social Fairness. The complexity of tax law allows those that can acquire or afford 

specialised legal expertise to exploit loopholes while leaving others at a 

disadvantage (Lawsky 2024). This contributes to unequal access to legal certainty 

and increases the overall burden on both less-resourced taxpayers and tax 

administrations. 

4. Democratic Legitimacy. The complexity of tax law can weaken democratic 

legitimacy, as unresolved ambiguities shift interpretive authority from elected 

lawmakers to unelected administrators or judges. This transfer of power 

undermines the principle that no taxation should occur without representation. 

5. Individual tax residency tests. A case study of individual tax residency tests—

based on the OECD Model Convention and its national adaptations—provides a 

realistic benchmark. The setup combining shared criteria and jurisdiction-specific 

variations allows for meaningful comparisons, evaluation of cross-jurisdictional 

portability, and collection of empirical data on performance, transparency, and 

error patterns—three metrics that current literature rarely examines in 

combination.  

5 Contributions 

Rather than introducing an entirely new computational paradigm, this project builds on 

well-established methodologies from both law and data science. Its primary 

contribution lies in demonstrating—through a unified framework—that symbolic rule-

encoding and neural language modelling can operate side by side, each compensating 

for the other's limitations within a legally significant task. 

Another key innovation is grounding neuro-symbolic system design in legal 

philosophy. The choice of legal positivism and Hart's theory of adjudication offers a 

framework that is both feasible to implement and adaptable. The approach allows for 

future extensions to incorporate additional constraints proposed by Hart’s critics like 

Dworkin, Alexy, and MacCormick. 

Moreover, the framework spans both legal data structuring and processing—two 

stages that previous work has often treated in isolation. Narrower task optimisation has 

led to specialised, standalone solutions that have proven difficult to adapt or extend 

within broader legal workflows, limiting their utility beyond their original scope. In 

contrast, the proposed architecture is built with the entire legal-AI pipeline in mind—

from data structuring and representation to structured reasoning, LLM integration, and 

output generation. This end-to-end perspective ensures that design choices are made 

with a view toward the complete workflow, and ambition to provide a reusable 

foundation for future legal AI projects. 

Furthermore, testing a neuro-symbolic framework on real individual tax residency 

tests across various jurisdictions aims to provide a realistic and practical benchmark for 

evaluating its performance. The developed method could contribute to legal AI 

evaluation—an area that remains largely underexplored. 
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Finally, this thesis explores how a neuro-symbolic framework inspired by legal 

reasoning methods could advance research on explainability in general-purpose AI 

systems. This intersection remains largely unexplored, likely due to the scarcity of 

expertise spanning both relevant domains. 

6 Conclusion  

This PhD project investigates how neuro-symbolic methods can be combined to 

structure and process legal knowledge—particularly in international tax law—and 

whether such a framework can inform research in the explainability of general-purpose 

AI systems. The motivation stems from two major limitations of current LLMs: their 

non-deterministic nature and lack of interpretability. These flaws are especially 

problematic in law, where transparency, traceability, and normative justification are 

essential.  

Legal AI has evolved from symbolic systems based on formal logic to data-driven 

approaches advanced by neural networks and machine learning techniques, including 

LLMs. While symbolic methods offer precision and clarity, they lack flexibility and 

scalability. Neural models, on the other hand, can process vast legal corpora and adapt 

to new inputs, but they are often opaque and unaccountable. These trade-offs have 

sparked interest in hybrid approaches that combine both methods to overcome their 

individual limitations—though finding the right balance remains a challenge. 

Philosophically, the project revisits Hart's theory of adjudication. Hart viewed legal 

rules as having an "open texture"—while they have clear core meanings, there are edge 

cases where interpretation becomes necessary and judges must exercise discretion. His 

view of judicial discretion in these "hard cases" is paralleled with the potential role of 

neural models in handling legal indeterminacy. Hart’s notion of "discretion within 

structure" resonates with how symbolic constraints can guide neural flexibility—a 

balance this project aims to implement computationally and test through a case study 

on individual tax residency tests.  

This research explores the emerging field of neuro-symbolic AI for law, grounding 

the research in both computational and jurisprudential theory. It aims to contribute a 

conceptual and technical foundation for a neuro-symbolic framework in law for both 

legal data structuring and processing, tested on a real-world case study of individual tax 

residency tests. The project aims to develop a structured yet adaptable model of legal 

reasoning that can be generalised across legal and broader contexts, opening new 

pathways for explainable AI in law and beyond. 
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