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Abstract

Public administration processes operate within complex environments, where they need to comply with evolving
legal norms. Nevertheless, their specifications and guidelines documentation are often unstructured and hard
to analyze automatically. This position paper proposes a novel hybrid approach that combines Large Language
Models, Retrieval-Augmented Generation, and symbolic reasoning to align process specifications with legal
guidelines. We outline key research questions and introduce a pipeline for extracting, structuring, and aligning
business-related, textual content expressed in natural language with regulatory guidelines, to support automated
compliance checking in public administration contexts.
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1. Introduction

Public administration (PA) processes operate within complex and dynamic regulatory ecosystems, where
legality and transparency must be continuously upheld '. These processes are governed by a multitude
of evolving legal requirements, many of which are specified in textual formats, such as regulations
or policy documents. Moreover, they are intended to follow structured “happy paths” envisioned by
legislators. However, in practice, PA processes frequently deviate from these idealized flows due to the
realities of day-to-day operation and evolving societal needs [1].

As a result, a particularly pressing issue in this context is compliance checking [2, 3, 4], which is
the task of verifying whether processes, as they are executed concretely, conform to external norma-
tive constraints. Unlike in industrial or manufacturing domains where processes are typically well
documented and structured [5], PA processes are accompanied by documentation that is often highly
unstructured, stored in heterogeneous formats (e.g., PDF specifications, procedural manuals, regulatory
texts), and articulated in natural language.

The specific compliance problem in which we are interested in this work concerns the alignment
of contractual specification documents of PA processes (e.g., document files defining enterprise archi-
tecture references, or technological requirements) with legal guidelines that these processes should
satisfy, which are often unstructured and expressed in natural language. These documents contain
essential business-related information, possibly from concrete process executions, and assume a deep
understanding of the underlying processes they constrain.

Traditionally, compliance verification in PA processes has relied on manual audits or basic document
review procedures. These approaches are often time-consuming and error-prone, especially given
the scale and complexity of the information that must be examined, making automated compliance
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checking a highly desirable goal. Classical methods for formal process analysis from Process Mining
(PM) [6], a research area that integrates Business Process Management (BPM) [7] and Data Science, offer
useful tools for examining process execution data registered in event logs, and exploit that information
to improve and enact processes. PM relies on formal methods and automated reasoning, leveraging
symbolic techniques, such as SAT/SMT solving [8, 9, 10], to analyze event logs and extract useful insights.
However, these techniques typically rely on structured information contained in logs and well-defined
formalisms and struggle to incorporate unstructured textual data. Even when PM methods incorporate
other perspectives, such as interactions with contextual data [11, 12], the problem of analyzing processes
involving unstructured data remains largely open.

This position paper explores an emerging solution space to handle compliance checking for PA
processes in the presence of unstructured information. Recent advances in Artificial Intelligence (AI),
particularly in Large Language Models (LLMs) and Retrieval-Augmented Generation (RAG) [13], offer
new opportunities to address this challenge. Indeed, LLMs have demonstrated remarkable capabilities
in extracting, generating, reasoning about, and transforming natural language content, which makes
them well suited for tasks involving textual information extraction [14, 15, 16, 17]. Moreover, various
approaches attempting to combine natural language capabilities of LLMs with symbolic representations
have recently emerged [18, 19, 20], such as the ones based on Chain-of-Thought (CoT;[21, 22]). The
use of LLMs has gained momentum as a means to bridge the gap between unstructured textual data
and formal representations that enable computational reasoning, such as the one that is required to
solve PM tasks. RAG techniques further enhance LLMs by allowing dynamic retrieval of external
knowledge, which is in turn provided as additional context to the model, thus enabling more accurate
and context-aware outputs [23]. This is particularly useful in compliance scenarios where the analysis
depends on retrieving relevant information among several long, complex documents with multiple
interrelated legal and business sources.

However, current applications of LLMs and RAG face critical limitations: they often struggle with
long contexts [24], lack structured process-awareness, and fail to systematically (i) incorporate formal
business process knowledge and (ii) combine formal methods from PM to analyze processes. For PA
compliance, this means they cannot yet reliably map between what the process specification documents
declare and what regulations mandate. Furthermore, explicitly incorporating contextual knowledge
from business process models or insights from event logs into LLM pipelines is still underexplored.

This work advocates for a novel direction: combining LLMs, RAG, and PM-inspired symbolic rea-
soning to support automated compliance checking for PA processes. We aim to develop an integrated
method that aligns specification documents, enriched with contextual data from the underlying process,
with regulatory guidelines. This novel approach will draw inspiration from the symbolic techniques
employed in data-aware declarative process mining and conformance checking [25, 26, 27], where the
alignment is with ‘normative processes’ expressed via declarative rules. Differently from alignments in
PM, which compare execution log traces with process models, our challenge lies in aligning specification
documents—enriched with business-relevant information (possibly incorporating information on con-
crete executions)—with regulatory guidelines, which shifts the focus from execution-model alignment
to document-guideline alignment. Our method will be significantly enhanced with RAG techniques
employed to allow LLMs to process the textual documents, in order to return formal representations
that enable reasoning in a symbolic setting.

For this purpose, we propose a hybrid pipeline comprising: (i) a RAG-based LLM-driven method for
extracting and structuring knowledge from diverse textual sources, grounded in PA-specific domain
context; (ii) a formal symbolic schema to represent structured content extracted from documents; (iii) an
alignment algorithm, inspired by the aforementioned procedures employed in declarative PM, capable
of systematically comparing enriched structured specifications with formalized guidelines to compute
compliance scores and identify discrepancies. The goal is to quantify the degree of alignment between
these layers and identify the nature and severity of any discrepancies.

Our methodology is structured around four key research questions that will guide our proposal:
RQ1: How can RAG effectively integrate heterogeneous structured (e.g., databases, forms) and unstruc-

tured (e.g., policies, specifications) sources to enhance compliance-checking accuracy?



RQ2: What strategies can optimize retrieval and long-context processing in LLMs to preserve semantic
fidelity and maximize interpretability?

RQ3: Can business process models or event logs serve as feedback mechanisms, helping align LLM
outputs with real-world compliant behavior?

RQ4: How can the LLM extraction process be effectively integrated with a symbolic reasoner to compute
alignments? Is it sufficient to decouple the process into three separate stages—information
retrieval, schema population, and symbolic alignments?

This work aligns with a research initiative financed by a Portuguese project jointly with European
funds? in collaboration with two PA entities: the Agéncia para a Modernizagdo Administrativa (AMA)
and the Instituto de Gestdo Financeira e Equipamentos da Justi¢a (IGFE]). These partnerships ensure
that our research is grounded in real-world scenarios and continuously validated by public sector needs.

In summary, the final goal of this work is to outline the research directions and challenges for
building an automatic compliance framework for PA, rooted in LLM-based reasoning. Our claim is that
LLMs, enhanced with RAG and symbolic methods, can effectively process unstructured documents and
regulatory guidelines, converting them into structured representations that allow automated reasoning.

2. Related works

As explained in the introduction, the objective is to assess the compliance of unstructured specification
documents with normative guidelines for PA processes. In this section, we briefly present the works
that are related to this research problem, which is intrinsically multidisciplinary. Indeed, the proposed
approach spans multiple research areas. Natural Language Processing (NLP) is used to handle unstruc-
tured text through LLMs. PM contributes techniques for analyzing processes, particularly conformance
checking. Building on PM, the approach also incorporates formal methods, such as SAT [28] and SMT
solving [29], which serve as powerful backend reasoning tools to support alignment computations.

PM [30], rooted in BPM [31], integrates data science, Al, and formal methods and utilizes observed
execution data from event logs to discover, analyze, and enhance processes. Given the complexity
of contemporary processes interacting with relevant data objects, integrating control-flow and data
aspects is essential [7, 32, 12]. This has driven multi-perspective PM, which analyzes processes through
dimensions beyond control flow such as data, time, and resources. This is crucial for analyzing real
processes in PAs, involving data objects shared among various departments.

One of the main tasks in multi-perspective PM is conformance checking [6]. Conformance checking
identifies deviations and commonalities between a process model (which can also be expressed in a
declarative way) and an event log by computing alignments. The goal is to find an optimal alignment
with minimal cost, despite challenges posed by unbounded data (e.g., integers or reals) in model runs.
Data-aware conformance checking focuses on Al techniques such as the A* algorithm [11] and leverages
industry-strength automated reasoning tools like SMT solvers ([33, 10, 34] to handle unbounded data
and compute the distance between observed traces and runs in expressive data-aware process models.

Compliance of process models ensures that the design and execution of business processes adhere
to predefined rules, regulations, or legal guidelines [3]. Several approaches have been introduced
(e.g.,[35, 36]), also using formal verification techniques [5]. Indeed, assessing compliance can be seen as
an instance of more general verification against properties in some logic. While several approaches exist
for the verification of multi-perspective processes, significant advancements have emerged through
symbolic reasoning, where the most sophisticated ones are based on SMT solving [37, 38, 39, 12]. Other
settings based on formal verification to check compliance leverage declarative process languages, such
as Dynamic Condition Response (DCR) graphs, which can be used to express both the reference models
from laws and the business process models [40]. However, in all the aforementioned approaches, laws
are captured by formal symbolic models, and not by unstructured documents as usually in PA processes.

Aligning business documents with guidelines is akin to conformance checking. Indeed, the goal
is to compute an ’alignment score’ that measures their distance, with a higher score indicating more
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discrepancies. Also, if the guidelines precisely define a process model and vice versa, then establishing
conformance of a log with the model is equivalent to assessing compliance with the guidelines (e.g.,
when expressed as logical rules via a declarative model [26, 27]). However, this is often not the case
[4], since generally conformance implies compliance, but not necessarily vice versa. There could be
deviations from the ‘conforming runs’ of the normative model that are still consistent with the laws. In
addition, a simple compliance perspective is insufficient. In our scenario, we need to align with the
guidelines (which generally do not define a process model), not just a model (or a log), but a document
enriched with log information about the process executions. Given the presence of logs, we aim to
build on symbolic methods developed in data-aware PM to address this problem. However, because of
differences in formulation, these methods cannot be applied off-the-shelf.

To extract and transform unstructured data from textual documents, we will use LLMs. While the
potential of NLP and NL Generation (NLG) for BPM has been recognized for over a decade [41, 42],
practical implementation in PM tools remains limited. NLG has been used to explain event logs and
verbalize BPMN models [41, 43], but without reasoning support. NLP techniques have also been used to
extract and compare BPMN models with textual descriptions [44]. Recently, conversational interfaces
for PM have been proposed, but LLMs are used as black boxes and reasoning is only partially supported
[45]. Our context requires combining business-informed contextual learning with logical reasoning,
dealing with the inherent uncertainty or conflict of textual information [46, 47, 48, 49]. To identify
discrepancies between documents (still needing formal methods to be validated), we will take inspiration
from recent results integrating Retrieval Augmented Generation (RAG) into LLMs, as well as methods
that allow for structured reasoning beyond chain of thought (CoT) such as ReAct, and methodologies
that allow for reasoning over constraints and formalisms [50, 51, 52, 53].

The alignment procedure will use formal methods to automatically compare symbolic representations
of documents and guidelines. We will be inspired by SMT approaches for process-related logics [54, 55].

3. Proposed Methodology

To assess compliance in PA processes, this work proposes a hybrid, multiphase methodology that
integrates recent advances in LLMs, RAG, and PM-inspired symbolic reasoning. Our objective is to
develop a formal method, inspired by data-aware PM, to mine the relevant process-related information
from the log data, and embed it into the specification documents, transform them into a symbolic
format, and then use an alignment procedure to compute the discrepancy score between log-informed
documents and the ’guidelines schema’.

Motivated by the research questions (RQ1-RQ4) outlined in the introduction, our approach unfolds
across four methodological phases, each corresponding to key components of the envisioned pipeline.

Symbolic Formalization of Guidelines and Specifications (Related to RQ4). The first phase
focuses on designing a symbolic schema to uniformly represent both contractual specification documents
and regulatory guidelines. This schema must be expressive enough to capture business-relevant
constraints (e.g., actor responsibilities, data dependencies, technological requirements and specifications)
while remaining computationally tractable for formal reasoning.

Unlike traditional models in PM that describe control-flow behaviors or event sequences, this symbolic
representation will need to encode higher-level normative statements and contextual dependencies often
found in legal and specification texts. Special attention will be given to common structural patterns
in PA documentation (e.g., templates, reference architectures, recurring legal phrases) and known
ontologies. Given the nature of these documents, which often include not only temporal dependencies
but also complex constraints involving multiple actors, data objects, and the relations among them,
the schema must be expressive enough to capture both dynamic and structural aspects of compliance.
To this end, propositional temporal logic like LTL [56] does not seem to be sufficient, but we aim to
employ suitable logical formalisms that combine temporal reasoning (such as temporal logics) with
conditions over data (as in first-order logic). In particular, decidable fragments of First-Order Linear
Temporal Logic (FO-LTL), such as LTLfMT [54, 57], appear to be promising candidates, as they allow



representing temporal obligations while retaining the ability to reason over data attributes and inter-
entity dependencies in a computationally tractable way. This formalization lays the groundwork for
subsequent alignment and supports modular reasoning on extracted content.

Information Extraction via LLMs and RAG (Related to RQ1, RQ2, RQ3). In the second phase,
we develop a knowledge extraction pipeline based on LLMs, enhanced through RAG and CoT-inspired
techniques. This component transforms diverse textual inputs—including specifications, technical
requirements, and guidelines—into the structured symbolic schema defined in Phase 1. To ensure
precision and relevance, we explore in-context learning and domain-specific fine-tuning of LLMs
on business-aware data. Retrieval mechanisms are used to dynamically access relevant context (e.g.,
specifications, regulations, or log-related information) at inference time.

Furthermore, by exploring CoT and explanation-providing methods, as well as uncertainty and
factuality-checking techniques, we aim to address challenges related to semantic fidelity (RQ2), ensuring
that LLM outputs reflect the true intent of the source material. We also propose to integrate insights
from event logs into this phase, effectively grounding the extracted information in real execution traces.
This not only enhances the reliability of the LLM outputs (RQ3), but also enables the inclusion of factual
process behavior in the alignment logic.

Symbolic Alignment via Formal Methods (Related to RQ4). In the third phase, we develop a
formal alignment algorithm that compares the structured representation of specification documents
against formalized regulatory schemas. Drawing from data-aware declarative conformance checking
in PM, we design symbolic reasoning procedures, based on SAT/SMT solving to assess whether the
information extracted from documents conforms to legal norms.

The algorithm computes a compliance score that quantifies the degree of alignment, while also
identifying specific discrepancies and their types (e.g., missing constraints, conflicting obligations). This
method should align two symbolic abstractions derived from unstructured content.

A central research question here (RQ4) is whether the pipeline can be effectively decoupled into
modular steps (information retrieval, schema population, and alignment computation) or whether
tighter integration is needed to preserve accuracy and traceability across components.

Validation and Evaluation. The final phase involves testing and validating the methodology using
real specification documents and guidelines provided by partner PA entities (AMA and IGFE]). In order
to do so, we will need to (i) measure the precision and recall of LLM-based extraction methods; (ii)
evaluate the interpretability and reliability of the computed alignment scores, and (iii) test the system’s
ability to handle complex, heterogeneous document types. Based on the empirical feedback we obtain
on the aforementioned points (involving both automated and human-based evaluation), we plan to
iteratively refine the schema, extraction pipeline, and alignment logic.

4. Example Scenarios in Public Administration

We now focus on the usual scenarios provided by our partner institutions, AMA and IGFE]J. AMA is the
public institute responsible for promoting and developing administrative modernization in Portugal; its
mission includes coordinating programs in regulatory simplification, electronic administration, and
the delivery of public services. IGFE] manages the financial asset and technological resources of the
Portuguese Ministry of Justice; it plays a central role in ensuring the proper functioning of the judicial
system across the national territory.

A concrete application of the proposed methodology arises in the enterprise alignment subprocesses
present in the workflows of both institutions. In these subprocesses, related PA entities submit to
these two institutions architectural scenarios with technological specifications that must be checked
against normative guidelines before approval. On the one hand, at AMA the evaluation concerns
transversal modernization and interoperability principles, ensuring accessibility and uniformity across
public services. On the other hand, At IGFE] specifications from justice-sector entities are assessed



against sector-specific requirements, such as procurement rules, security standards, or data governance
obligations in judicial infrastructures.

Currently, these evaluations rely on manual inspection of heterogeneous documentation, a process
that is time-consuming and prone to inconsistencies. By applying our methodology, RAG-enhanced
LLMs can extract relevant knowledge from submitted specifications and regulatory texts, while sym-
bolic alignment procedures identify (mis)alignments. This hybrid approach supports AMA and IGFE]
evaluators by providing automatic and explainable compliance analysis.

5. Discussion and Conclusions

Challenges and Limitations. Despite its potential, the proposed methodology faces several chal-
lenges and limitations. First, LLMs struggle with long and complex documents, especially when legal
and technical content must be interpreted together. Ensuring that critical constraints are accurately
extracted without oversimplification or hallucination remains a key concern. Second, the retrieval
component in RAG pipelines may fail to fetch relevant context or misalign retrieved knowledge with
the user’s query, compromising the accuracy of the structured output. Third, while symbolic reasoning
offers formal guarantees, it relies on the completeness and correctness of the extracted schema, which
may be affected by noise or ambiguity in the source texts. Furthermore, domain adaptation of LLMs to
PA-specific language and legal discourse is still underdeveloped, and fine-tuning may be limited by the
availability of high-quality labeled data. There are also scalability concerns: aligning large numbers of
documents and lengthy regulations using formal methods can be computationally intensive. Finally, the
interpretability and explainability of the alignment results must be addressed, as PA stakeholders require
transparent justifications for any detected misalignments to support legal and operational decisions.

Final considerations. In summary, this work sets the stage for a novel research trajectory focused
on combining LLMs, RAG techniques, and formal methods to address one of the most persistent
challenges in public administration: ensuring process compliance in the face of complexity. It outlines
a vision of more intelligent and automated public administrations, supported by cutting-edge Al and
formal reasoning tools. By providing tools that assist in the automatic checking of compliance against
legal norms, this work aspires to support public administrators in ensuring legality and improving
accountability.
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