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Abstract: In the context of building requirements checking, the frequent process of information
requirement extraction, even in digital Building Information Modeling (BIM) processes, involves a
high amount of manual extraction of information requirements from non-machine-readable regulatory
documents. This process is both time-consuming and prone to inconsistencies and errors. This poses
significant challenges to efficient data processing and validation. Therefore, a method is needed
that simplifies the process of extracting information requirements and deploying this information
in a machine-readable format. To address these limitations, this paper proposes an automated
approach that leverages a Large Language Model (LLM) and prompts engineering to extract relevant
information requirements from building guidelines. The extracted information is then structured
according to the pre-defined ISOProps Ontology as a corresponding A-Box ontology. The syntactic
and semantic correctness of the generated A-box ontology is validated with the help of Shapes
Constraint Language (SHACL) shapes generated from the associated T-box ontology. This ensures
formal correctness and conformity with the ISOProps ontology. A human-in-the-loop approach
qualitatively verifies the technical correctness. The feasibility of this approach was demonstrated
on sample documents, highlighting its potential for streamlining the digital representation of building
requirements.
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1 Introduction
In the field of building requirements checking, the extraction of information requirements from regulatory
documents remains a significant challenge, even within digital BIM processes. Typically, this task
involves a considerable amount of manual effort, as the relevant information is often embedded
in non-machine-readable documents. This manual extraction is not only time-consuming but also
susceptible to inconsistencies and errors, which can hinder efficient data processing and validation [1].
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To overcome these challenges, there is a clear need for a method that both simplifies the extraction of
information requirements and enables their deployment in a machine-readable format [2], [3]. This
paper introduces an automated approach designed to address these limitations by leveraging an
LLM and prompt engineering techniques to extract relevant information from building guidelines. This
involves not only identifying explicit requirements but also interpreting the implicit knowledge and
contextual dependencies embedded in the text. The extracted requirements are then structured
according to the ISOProps Ontology, as an A-Box ontology. The ISOProps Ontology is built upon
the data model of ISO 23386, which provides standardized methods for describing, creating, and
maintaining building-related information requirements as properties and property groups [4], [5].

To ensure both syntactic and semantic correctness, the generated A-Box ontology is validated using
SHACL shapes derived from the associated T-Box ontology, guaranteeing formal compliance with the
ISOProps Ontology. Additionally, the technical accuracy of the extracted information is qualitatively
assessed through a human-in-the-loop approach. The feasibility and effectiveness of this automated
method are demonstrated on sample regulatory documents, underscoring its potential to streamline
the digital representation and validation of building requirements.

2 Background
2.1 Information Requirements checking for Regulatory Compliance
Regulatory compliance checking in the Architecture, Engineering, and Construction (AEC) industry is
the process of verifying that a building design or BIM model adheres to applicable codes, standards,
and regulations. Traditionally, this process has been labor-intensive as it is performed predominantly
by human experts, who interpret written regulations and manually inspect drawings or BIM models for
violations. In recent years, there has been a strong drive to automate regulatory checking using BIM,
in order to reduce errors, save time, and ensure that complex regulations are consistently applied [1,
6]. Early implementations of Automated Code Compliance showed promise in improving design
quality and shortening permitting times [7]. However, automating compliance checking is challenging
because building regulations are often lengthy, complex, and sometimes ambiguous [8]. Over the last
decade, multiple approaches have been researched and developed to represent regulatory information
requirements and rules in a digital format and to implement rule-checking engines [6], [7], [8]. At a
high level, these approaches can be grouped into a few categories [8]. These categories range from
rule-based, proprietary BIM model checkers and standard-based schemas to model view definitions,
as well as approaches based on the Semantic Web and linked data, or natural language processing
and structured text. The approach employed in this study is based on Semantic Web and Linked
Data technologies, relying on the IR-Ontology network [4], which is further introduced in Section 2.2.
Pauwels et al. [9] presents a related work introducing a semantic rule-checking system where various
technical requirements from regulations are encoded as SHACL rules and OWL axioms. Their results
indicate that a large portion of regulatory requirements can be validated automatically using Semantic
Web reasoning [9]. Another example is the work by Nuyts et al. [8] who used OWL and SWRL to
encode parts of the Flemish building regulations and checked models with a reasoner. In addition,
a comparative study was conducted that utilized the same set of regulatory requirements in eight
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different ways, employing two proprietary/IFC-based tools, two generic data schema approaches, and
four Semantic Web approaches.

2.2 Digital Standards and Ontologies for Information Requirements
The RE-ING are central technical guidelines issued by the German Federal Ministry for Digital
and Transport (BMDV) that regulate the planning and design of engineering structures in federal
infrastructure projects. In practice, they provide detailed specifications that go beyond the scope of
general standards such as the Eurocodes and DIN norms, particularly concerning application-specific
requirements for structures like bridges, retaining walls, and noise barriers [10]. As part of ongoing
digitalization efforts, there are initiatives to convert RE-ING into machine-interpretable formats, such
as XML compliant with the NISO Standard Tag Suite (NISO STS), a standardized XML format for
encoding and exchanging technical and scientific documents. This is aimed at enabling automated
processing and integration with BIM systems.

In parallel to these transformations, broader standardization initiatives are emerging that focus on for-
malizing information requirements. Notably, various methodologies have been developed to structure
the exchange and validation of information throughout project lifecycles. Among these, the Information
Delivery Manual (IDM)1 and the Information Delivery Specification (IDS)2 are promoted by buildingS-
MART International. However, despite the growing theoretical foundation, practical implementation
often lags. Many projects lack clearly defined, machine-readable information requirements, which
hinders the ability to automate the validation of delivered data.

To address these challenges, recent research has examined how semantic technologies such as
Linked Data and ontologies can support a more rigorous and interoperable management of information
requirements. A notable contribution to the digital management of information requirements in
construction is presented by Filardo et al. [4]. An aligned ontology network that harmonizes the
LOIN (Level of Information Need), Data Templates (DT), and ISOProps ontologies was introduced.
It demonstrates how these ontologies can be coordinated to consistently define properties and
construction objects, following international standards such as ISO 23386, ISO 23387, and ISO 7817.
This modular and reusable ontology network supports the interoperability and scalability of digital
workflows in construction, offering a flexible foundation for the automated validation and provision of
project-specific information [4].

2.3 Large Language Models for Information Extraction
LLMs are advanced neural networks trained on extensive textual data to learn language patterns. After
a pre-training phase, they can perform various language-based tasks such as translation, answering
questions, and summarizing content [11].

In recent years, LLMs have rapidly gained attention, driven by significant advances in model archi-
tectures and training on bigger datasets comprising billions of parameters. Their performance has
improved, enabling them to handle a broad spectrum of tasks, mainly depending on the diversity
and quality of the data they are exposed to during training. State-of-the-art models, such as GPT-4o,

1https://technical.buildingsmart.org/standards/information-delivery-manual/
2https://technical.buildingsmart.org/projects/information-delivery-specification-ids/
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exemplify this progress by extending beyond text generation to include capabilities like code synthesis,
image generation, and the processing of audio and video inputs [12].

The Mistral LLM, developed by Mistral AI, is an open-source model that offers state-of-the-art language
understanding and generation. Its public release provides researchers and developers with free access
to a powerful tool for advanced NLP applications [13].

As these models become increasingly capable and accessible, the challenge shifts to effectively
directing these models. This is where prompt engineering plays a central role. Prompt engineering
is the practice of designing effective inputs to guide LLMs toward producing accurate, relevant, and
domain-specific outputs. It has emerged as a crucial discipline for harnessing the full capabilities
of LLMs across diverse tasks. Two foundational paradigms in this area are zero-shot and few-shot
prompting. Zero-shot prompting in this regard refers to the process where an LLM is given a task
description or instruction in natural language. Still, no explicit examples of the task are provided within
the prompt. The model relies entirely on its pre-trained knowledge and generalization capabilities to
interpret and perform the requested task. This approach is particularly advantageous in scenarios
where labeled data is scarce or unavailable, as it enables the immediate application of LLMs to new
domains without requiring additional training or annotation efforts. Few-shot prompting, in contrast,
involves including a small number of input-output examples within the prompt, alongside the task
instruction.

This technique is beneficial when some representative examples are available, but not enough to
justify full-scale supervised fine-tuning [14].

Höltgen et al. [15] explore the capabilities of LLMs for semantic data integration, focusing on evaluating
LLMs for generating R2RML (RDB to RDF Mapping Language) mappings [15]. Recent research
also demonstrates the practical value of LLMs for information extraction in the context of automated
compliance checking. For example, Iversen [16] from NTNU developed and evaluated an LLM-based
artifact for validating building regulations against BIM models. The study focused on extracting
and classifying regulatory requirements from natural language documents, identifying dependencies
between rules, and mapping these requirements to BIM data for compliance assessment [16].

3 Methods
This study examines the application of LLMs for the automated conversion of regulatory documents
into an ontology-based representation. Specifically, prompt engineering techniques are employed
to guide an LLM in converting RE-ING text passages into A-box statements, grounded in the T-box
defined by the ISOProps ontology network proposed by Filardo et al. [4].

The transformation process is implemented via a Python-based toolchain that interacts with the Mistral
API. Within the prompts, a series of curated examples is included that demonstrate how textual
guideline content should be interpreted and formalized as individual ontology instances. By iteratively
adapting the prompt and refining examples, the accuracy and consistency of the generated A-box
ontology are improved. To support this conversion task, we adopt a few-shot prompt engineering
strategy. The prompt is carefully structured to guide the model in generating an ontology from
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construction-related requirements by breaking the task into distinct, manageable components (cf.
Table 1).

Table 1: Structured prompt for generating an ontology from construction-related texts.

Category Description

Objective Generate an ontology from construction-related requirements
Input XML document: {text}
Task - Extract explicit construction requirements

- Map terms (only those found in the text)
- Generate RDF triples

Type Definitions - Group of Properties: {group_of_properties_definition}
- Property: {property_definition}

Triple Generation - Create for each property and property group
- Format: Turtle (RDF)
- Groups include category and definition
- Properties reference their group

Additional Rules - Do not invent new terms
- Use DefiningValuesList for dependencies
- Mark AI-generated definitions clearly

Example File {example_file}

Expected Output Turtle file with all generated RDF triples only

The prompt introduces the LLM as an expert in the analysis of construction-related documents. It
provides clear instructions on how to extract entities of type Group of Properties and Property, using
definitions aligned with the ISOProps ontology. It starts with a clear objective and input specification,
ensuring the model understands the domain and expected data format. The task is divided into three
steps: requirement extraction, term mapping, and generating RDF triples. Type definitions and output
constraints are explicitly included to enforce semantic consistency and ensure compliance with formal
Terse RDF Triple Language (Turtle) syntax. Additional rules prevent the model from inventing terms
and ensure transparency in generated content. A detailed Turtle serialization schema is included,
specifying how output triples should be structured, along with an annotated example derived from a
real RE-ING section. This enables the LLM to learn both the structural and semantic patterns required
for the ontology population.

tempo-usecase:propertyGroupNameAlsEinSubstantiv

rdf:type isoprops:GroupOfProperties ;

isoprops:categoryOfGroupOfProperties "Kategorisierung hier einfügen" ;

tempo:definitionInLanguage "(KI-generiert) Wenn keine definition im Text steht, generiere eine

und setze (KI-generiert) davor. Ansonsten entnehme die dem Text."@de ;

tempo:nameInLanguage "Name der Gruppe von Eingeschaften"@de;

isoprops:countryOfOrigin "DE" ;

isoprops:countryOfUse "DE" ;

isoprops:creatorsLanguage "de-DE" ;

.

Algorithm 1: Turtle template illustrating the structure of a GroupOfProperties instance.

The ontology itself comprises two main classes, namely Groups of Properties, which represents
collections of related properties, and Property, which denotes individual, measurable, or descriptive
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features of an Item. A template for defining a Group of Properties instance in Turtle syntax is provided
in Algorithm 1. As illustrated, each GroupOfProperties is further classified using the object property
isoprops:categoryOfGroupOfProperties into one of five predefined categories. These categories
are Domain, Alternative Use, Composed Property, Class, or Reference Document, all of which are
explicitly defined in the prompt. In addition, each group includes semantic metadata such as its
name, the language of origin, country of use, and, where not explicitly provided in the source text,
a marked AI-generated definition. For individual properties, the ontology captures metadata like
measurement units, associated physical quantities, value boundaries, and precision. The ontology
also supports enumerated values, boundary conditions, and measurement methods, where applicable.
Each element is linked to its corresponding Group of Properties. Further key modeling elements are
those that capture domain-specific constraints such as measurement precision, value ranges, and unit
definitions. Rather than modeling these details separately, the methodology incorporates them directly
into the prompt structure through clearly defined instructions and few-shot examples.

4 Evaluation
To evaluate the proposed approach, a set of exemplary regulatory texts was selected from publicly
available building guidelines. These texts were carefully curated to cover a range of typical information
requirements, including both explicit and implicit constraints. The size and complexity of the input doc-
uments were deliberately constrained to remain within the token limit of the Mistral API (approximately
32,000 tokens), ensuring reliable model performance and response consistency.

The evaluation addressed the two main aspects under consideration, namely the quality of the
extracted requirements and the correctness of the generated ontology. Firstly, the LLM was prompted
using tailored templates designed to elicit both specific requirement statements and contextual
interpretations. A qualitative human-in-the-loop review assesses the technical accuracy and domain
relevance of the results, with experts in building regulations and semantic modeling verifying that the
generated requirements and ontology entries accurately reflected the intended regulatory constraints.
For the second aspect, the extracted information was instantiated as an A-Box ontology conforming
to the ISOProps Ontology. The generated ontology is validated using SHACL (Shapes Constraint
Language) shapes derived from the corresponding T-Box ontology, ensuring both syntactic structure
and semantic alignment with ISO 23386. Any violations or inconsistencies detected during the SHACL
validation were analyzed to refine the prompt design or improve the mapping logic. After iterative
refinement of the prompt design, the LLM ultimately produced ontology instances with correct syntax
that complied with the defined SHACL shapes.

Overall, the evaluation demonstrates the feasibility of using LLMs to automate the extraction and struc-
turing of building information requirements. While effective for small to moderately sized documents,
performance scalability and accuracy across broader and more diverse regulatory corpora remain
areas for future investigation.

5 Conclusion
This paper presented an automated method for extracting and structuring information requirements
from regulatory building texts using an LLM combined with prompt engineering techniques. By
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translating unstructured regulatory content into a machine-readable A-Box ontology aligned with the
ISOProps Ontology and ISO 23386, the approach supports greater automation and consistency in
digital building requirement validation workflows. The evaluation demonstrated that the method is
capable of identifying both explicit and implicit requirements and encoding them in a semantically
compliant format. Furthermore, the use of SHACL shapes for ontology validation ensures formal
alignment with the defined T-Box structures3.

However, the approach is not without limitations. One key constraint is the token limit imposed
by the Mistral API, which restricts the size of input documents that can be processed in a single
inference. This necessitates either careful document segmentation or future strategies for handling
larger inputs in an iterative manner. While LLMs demonstrate significant capabilities in processing and
interpreting natural language, they are not without limitations. Errors such as inaccurate information
extraction, contextual misunderstandings, or improper mappings may arise, especially when dealing
with ambiguous or complex regulatory language. Consequently, incorporating a human-in-the-loop is
crucial to ensure the accuracy and relevance of the extracted information.

Despite these drawbacks, the proposed approach offers a promising direction for semi-automated
digitization of building regulations. Future work will focus on extending to larger document sets, estab-
lishing a quantitative evaluation metric, refining prompt strategies to improve accuracy, and exploring
hybrid techniques that combine rule-based and LLM-based extraction to enhance robustness.
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