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Abstract

The XHAILe Grand Solutions project brings together leading Danish researchers in law, language technology, Al
and computational law and providers of digital public administration and legal tech software, to develop accurate
and explainable Hybrid-Al solutions that combine efficient Al-based translation of law to an open computational
law rule format and a conversational agent using a rule engine via an open API. Here come trustworthy, new
legal benchmarks and guidelines for the use of the technology. The results will be evaluated and demonstrated
on use cases from local and central government.
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1. Introduction

Our society has become highly dependent on the use of information systems to manage the interactions
between citizens, companies and the public sector. According to [1], Danish companies in 2023 used
40 million hours a year alone for documentation and reporting to public authorities required by law,
corresponding to DKK 23.5 billion every year [1]. At the same time, a large number of new regulations
and changes to regulations is every year being imposed both at EU level and member state levels, on
top of an already complex body of regulations. For instance, 3 new legal requirements were imposed
on companies in the EU every week in the period from 2017-2022 [1] and the Danish legislation on
social services consisted in 2020 of 2,213 clauses, which was changed 4.686 times from primo 2007 to
mid 2019 [2].

The recent advances in the development of large language models (LLMs) and the rollout of commer-
cial LLM-based chatbot assistants have raised expectations for the potential impact of such technologies
across industries on interaction between governments, citizens and companies, not least with respect
to the handling of legal matters. While in some use cases, end-to-end LLM-based solutions can be
quite effective, if the user is aware of and ready to cope with the potential errors in the answers, the
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situation is quite different in high-stakes scenarios, such as those commonly encountered in processes
that involve the interpretation and execution of law.

In the XHAILe project, we aim to address these chalenges and develop trustworthy, legally compliant
conversational legal assistants and computational law. The central idea is to treat LLMs as a bounded
conversational interface to a rule-based controller that executes case-management logic and computa-
tional models of the law. As core technology for representing computational law we build on the formal
declarative language of Dynamic Condition Response (DCR) graphs [3, 4].

Concretely, the objectives are the following:

1. Open-source prototype of rule engine for computational law format, which is consistent with
international standards (LegalRuleML) and the DCR Solutions platform, able to express the
computational rules in the selected use cases, and accessible by an open API

2. Open-source prototype of algorithm that can automatically translate a majority of the computa-
tional rules in each use case and a GUI that allows legal experts (who has received a few days of
training) to complete the remaining part of the translation in less than an hour.

3. Open-source prototype of Hybrid-AlI chatbot for conversational natural language interaction
with e-government solutions that for each use case can apply the rule engine to provide accurate
answers attributed to the relevant law understandable by non-legal experts.

4. Legal practice guidelines and trustworthy benchmarks for computational law and conversational
interfaces for e-government processes.

5. Prototypes, practices and guidelines demonstrated at Society Readyness Level (SRL) and Technol-
ogy Readiness Level (TRL) 7 on the use-cases in collaboration with central and local government,
covering national laws in Danish and Norwegian as well as regulations at EU level with national
implementations.

The project is planned for 3.5 years, running from April 2025 to October 2028.

2. Example: Application for Technical Aids and Consumer Durables

As an illustrative example, we use the right to get support for technical aids according to the Danish
Consolidation Act on Social Services.!. The rights are described in four sections: §112, §112a, §113,
§113a and §113b. The law is intended to be managed digitally, indeed, the law stipulates in §112a, (1-3),
applications not submitted by means of digital self-service shall be rejected by the municipal council, unless
special circumstances apply or if, based on an overall financial assessment, it is clearly an advantage
for the municipal council to receive the application in a non-digital manner. An example of a special
circumstance can be, that the citizen is exempted from using digital solutions. Local Government
Denmark maintains carefully developed official application forms as pdf documents, that both serve
as requirements for the development of digital services and in special cases can be obtained from the
municipality (or printed) and filled out manually. Besides the fields to be filled with information by
the applicant, the forms include the relevant sections of the law. The fields relates to the conditions
stipulated in the law. For instance, the law states in the beginning of §112 that: The municipal council
shall grant support for technical aids to persons who have a permanent physical or mental impairment.
This condition is represented by three tick-boxes where the citizen must answer yes, no or don’t know
to wether the citizen suffers from permanent physical or mental impairment, and a text box where
the kind of impairment can be elaborated. The law also specifies in §112 (i-iii) three sub conditions,
but instead of representing these conditions directly in the form, the form instead contains text boxes,
where the citizen can describe in natural language which challenges in the daily life that are the reason
for the application.

The use of the forms as requirement specifications for the digital self-service solutions means, that
(at least) two manual translations are done during the development of the digital self-service solutions,
as depicted in Fig. 1. Each of these translations involve interpretations of the law, notably on what data

'"Unofficial English translation available here: www.english.sm.dk/media/14900/consolidation-act-on-social-services.pdf
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is required to be provided by the citizen, under which conditions, and what information the citizen
must be given (and consent to) as part of the application process.

Manually coded self-service solution.

Legal texts.

Manually created pdf/paper application form and
extract from legal texts.

Figure 1: Laws are today manually translated to official pdf forms that are then manually coded as
self-service solutions. The text (in Danish) and the code (not the real code of a self-service solution) are
for illustration purposes only, and are not meant to be readable.

3. Hybrid Al for Computational Law and Accurate Legal Chatbots

In XHAILe we investigate the use of a hybrid Al architecture, where sub-symbolic models (e.g. language
models) are used as translators of inputs from users or knowledge bases and symbolic models (e.g. rule
based models) are used as controllers of the interaction and to infer the answer.

As foundation for the symbolic rules, we build on the work of Dynamic Condition Response (DCR)
Graphs, an executable, declarative, temporal logic process modeling language [3]. Unlike imperative
process modelling notations (like BPMN [5]) that rigidly describe the sequencing of possible steps as
flow charts, DCR graphs model the rules. This aligns naturally with the nature of law, which typically
prescribes obligations and conditions, rather than scripting it. The modelling language of DCR graphs
was introduced in [3]. Since then, the language has been extended to be able to model processes with
time [6], data and decision modelling [4], introducing data-dependent rules and embedded computations,
and also integrating the Decision Model and Notation (DMN) standard [7]. The task of modelling is
also supported by commercial cloud-based solutions, including tools for simulation of processes and
for assisting domain and legal experts in the mapping of text based process models, guidelines, and
regulations into DCR graphs [8]. DCR graphs have been successfully deployed in Danish public-sector
case-management systems using a cloud-based process-engine-as-a-service, that is integrated into
commercial platforms [9].

The DCR technology and tools, however, still have some limitations that need to be addressed as part
of the research project, which is elaborated on below.



3.1. Scalable DCR Graphs for Law

Grouping of activities that have rules in common can help reducing the complexity [10]. Also, initial
work on separating DCR graphs in sub parts inspired by the modelling of law was initiated in [11],
introducing networks of DCR graphs and linking of activities between sub parts. We propose extending
this direction of work to investigate structure specifically relevant for the modelling of law. Concretely,
we aim to explore the structure of legal documents and standardised formats, in particular the Akoma
Ntoso for European Union (AKN4EU) format,? which is chosen to be the basis for exchange of legal
documents in the EU. We will also explore the concepts for reuse from object oriented modelling
in the context of symbolic models of law. Initial work on object-centric DCR graphs was initiated
in [12, 13]. We propose to extend this line of work by investigating suitable definitions of inheritance
between classes of DCR graphs that still respect the principles of encapsulation [14] and investigate
their usefulness in the modelling of law.

3.2. Translating Law to DCR Graphs

The current state of the art of using NLP techniques for transforming texts to DCR Graphs [8] completely
ignores data. To support form filling (and possibly replacing it with conversations), the DCR graphs
should contain nodes corresponding to the input fields and rules representing which information is
relevant or required based on the data provided in the input fields. In our working example, we already
saw examples of data values, such as the type of impairment that can be either physical or mental.
Another example found in §113 (2), which gives a data-dependent rule: Assistance shall only be provided
where the cost exceeds DKK 500 which is based on a data value representing the cost of the consumer
durables.

In the area of software engineering, there exists a number of relevant works for translating software
requirements to object class and data models, spanning from work using classical NLP techniques
(e.g. [15, 16]) to more recent work based on LLMs (e.g. [17, 18]). Similarly, baseline works on the
extraction of imperative process models from texts consider the activity data as part of their annotation
schemes [19]. We propose to investigate these strands of work as a starting point for including data
and data dependencies in the mapping of legal texts, including both regulations and guidelines, to DCR
graphs. This will also go hand-in-hand with the exploration of object oriented concepts for tackling the
scalability challenge for DCR graph models.

To support the subsequent case management, the DCR graphs should also contain information about
the ordering and timing of actions to be taken, which again can depend on data. The existing work
in [8] captures some ordering constraints, but ignores data and timing altogether. Also, as mentioned
above, the translations were targeting descriptions of business processes and not legal texts. To this
end, we aim to explore existing work on translations of descriptions of processes with both data and
timing constraints, in particular in the legal domain.

There has been extensive work on building knowledge graphs from natural language [20, 21]. These
approaches, though, extract encyclopedic knowledge, such as capital/country relations, river locations,
birthplaces of famous people, and so on. In our case, the type of knowledge and relations that we are
interested in does not have that same shape. We are interested in events, actors, and their relations,
with respect to the events described in laws and legal guidelines. This has been approached in meaning
representation and semantic parsing work, such as [22, 23], which develops models to extract events,
entities, and relations between them—including, specifically, from legal text [24, 25, 26, 27]. We take
inspiration from this work, treating legal process extraction as a semantic parsing task.

3.3. An Accurate Conversational Legal Chatbot

We propose a flexible, controllable, and legally compliant Conversational Hybrid AI (CHAI) assistant
that as shown in Fig. 2 treats large (or if sufficient, small) language models strictly as a bounded

*https://op.europa.eu/en/web/eu-vocabularies/akndeu
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Figure 2: Conversational Hybrid Al (CHAI) Architecture: LLMs are used for parsing input and searching
for Legal DCR Graphs, which are then used to provide answers and explanations using the API of the
Extended DCR Rule Engine.

interface to a rule-based controller (similar to the proposal in [28]) executing legal decision and dynamic
process logic encoded in (an extension of) the declarative DCR graphs process notation, extracted
from legal regulations and guidelines by using classic NLP techniques and LLMs, with legal experts as
human-in-the-loop.

The assistant is initially scoped to an Interpreter for submission and management of applications from
citizens to governmental agencies: It elicits and normalizes user inputs, maps them to the input fields and
actions in the logical process model, and presents controller-backed explanations, while all execution
and decisions remain with the controller. This separation maintains public-authority accountability: the
controller guarantees sound execution, provenance, and auditability; the LLM improves accessibility
(intent understanding and language adaptation) but does not determine outcomes. A dialogue loop
can be realized in which the LLM converts free-form utterances into schema-constrained structures
aligned with the controller’s inputs, queries the controller to test preconditions and obligations, and
renders the controller’s trace and explanation into citizen-facing feedback. Explanations are fact-rule
disaggregated: the interface states what the user supplied, what the controller verified, which conditions
are satisfied or unmet, and which next steps follow from the model.

We envisage three iterations. In the near term, we formalize the dialogue tool grammar (schema-
validated calls with explicit uncertainty fields), extend the controller interface with functions for
suggesting required fields and next steps, and standardize fact-rule faithful explanations over controller
traces. We also introduce confidence-aware verification, limiting confirmations and paraphrase-backs
to cases flagged by uncertainty or risk. In the medium term, we add process routing via an intent router
trained on process metadata and entry conditions, enforced by hard guardrails that prevent calls outside
an activated process. Language and persona policies are introduced as presentation constraints that
never alter execution semantics and are logged alongside traces; escalation pathways provide succinct,
trace-linked summaries for caseworkers.

3.4. Legal Implications

Using DCR graphs for legal decision-making can only be implemented if the graphs and their use is
fully compliant with the law as a whole. Building a graph to support and partially automate steps for a
specific provision in law (here articles 112-113 in the social services act) need to take into account the
entire legal framework relevant to ensure rightful administration. This entails among other things that



the provisions in the Danish Public Administration Act® are taken into consideration where relevant
(this entails for example a hearing of the citizen before a final decision is made); that relevant case law,
either from Danish Courts or the National Social Appeals Board* are taken into account (The general
principle of equality before the law, entails that previous decisions influence future decisions in similar
cases); and that instructions internal to the administration® is followed (such instructions lays out
interpretive guidelines which individual caseworkers are expected to follow in their decision-making
practice).

Formalizing the administrative work process, by making each of the information retrieval and sub-
decision steps visible in a graph has a potential to enhance both legal certainty and administrative
efficiency, but it is important to distinguish between different use cases, primarily between citizen
facing chatbots and caseworker facing chatbots. The main difference here is that citizen facing chatbots
should be able to support any citizens seeking general information about how the legal rules is applied
in administrative practice, while caseworker facing chatbots has as its purpose to assist caseworkers
making binding decisions in a concerete case taking into consideration all the relevant facts of the case.
In both cases, of course, the chatbots must provide lawful information and must be able to relate to
inputted prompts in a trustworthy and robust way, but there are important differences that dictate
separate set-ups for each of these two kinds of chatbots.

Chatbots for citizens can not be set up to provide suggestions for decisions as this could generate
unfounded expectations in the citizen about the outcome of a case. Guidance to citizens therefore must
take the form of what kind of information that is relevant to the decision and what kind of information
that is irrelevant. It is also important to note that such information can never be entirely accurate,
since what is relevant may depend on many different circumstances relevant to the specific case. We
suggest that the best option here is to operationalise existing internal guidelines ("cirkuleerer" and
“vejledninger") in a guardrailed chatbot architecture built around the relevant rules.

Chatbots for caseworkers, on the other hand, could best be build in such a way that it provides
suggestions for decisions relevant to each step in the decision-making process. By decomposing the
legal rule into individual decision steps with the DCR tool, it becomes possible to use different solutions
to provide suggestions. Depending on the kind of sub-decision, rule-based, expert-based or Rag-based
solutions could be used to provide suggestions to the case worker. The DCR format will be specifically
helpful here, as it allows the case-worker to move both forward and backwards between sub-decisions—a
necessary mechanism for legal decision making that involve interpretation or discretion, since these
are made on the basis of a holistic analysis of all elements in the case as a whole. To make a decision
under §112 for example, it is necessary to assess the specific impairment with the specific layout of the
person’s home. While retrieving information about impairment and home may be seen as two separate
steps in a case management flow, the final decision about whether to provide aid and and what kind of
aid depends on the precise interaction between impairment and home in such a way that it is necessary
to observe and analyse those two information steps under one single view.

4. Conclusion and Future Work

We have above described the roadmap to explainable and accurate legal chatbots to be followed in
the XHAILe project. The roadmap builds on prior successful work on no-code digitalisation of law
and eGovernment services using the DCR technologies, which is already widely used to digitalize
governmental case management processes in Denmark. The described activities aim to advance the
state of the art, by at the one hand formalizing the role of the LLMs in the use of eGovernment solutions as
a bounded user interface to a DCR-based controller and at the other hand the use of language technology
in the development and maintenance of eGovernment solutions for the translation of law texts and

*https://www.retsinformation.dk/eli/lta/2014/433
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guidelines into DCR models. To safely execute the roadmap we have gathered an interdisciplinary
team of legal scholars and computer scientists, spanning from LLMs and NLP to symbolic logic and
technologies for case and business process management. Hereto comes partners from local and central
governmental organisations providing access to relevant cases and giving feedback on the value and
usefulness of the developed framework. This makes it possible to follow the roadmap using a Reflective
System Development approach [29]. Reflective System Development approach is an action research
method where researchers are actively engaged with practitioners when investigating opportunities and
addressing challenges equally relevant for both research and practice. Reflective System Development
has a distinct cyclic iterative nature formed by three main research activities: 1) understanding through
interpretation, 2) supporting through design, and 3) improving through intervention. We have planned
four cycles of 6 months, of which the first is currently in progress, taking the solution from TRL
(Technology Readiness Level) and SRL (Society Readiness Level) 2 to 7, that is, the solution is tested in
operational environment with relevant stakeholders.
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