Ontology Reuse in Building Permitting

Isabelle Fitkau, i.fitkau@tu-berlin.de

Department of Civil Systems Engineering, Technische Universitdt Berlin, Germany

Judith Fauth, jf805@cam.ac.uk
Department of Engineering, University of Cambridge, United Kingdom

Sebastian Seif3, sebastian.seiss@uni-weimar.de
Chair of Construction Engineering and Management, Bauhaus-Universitdt Weimar, Germany

Timo Hartmann, timo.hartmann@tu-berlin.de
Department of Civil Systems Engineering, Technische Universitdt Berlin, Germany

Abstract

Building permitting is a complex and often inefficient process due to limited digitalization and
automation, for example, the interpretation of fire safety regulations. This research addresses these
challenges by investigating the reuse of ontologies to improve the building permitting process. The
study focuses on aligning domain-specific ontologies, such as the Ontology-based Building Permit
Review (OntoBPR) and the Fire Safety Ontology (FiSa), using the Simple Knowledge Organization
System (SKOS). The methodology involves identifying potential use cases, analyzing concept
similarities, and mapping relationships with SKOS properties. Two primary use cases illustrate how
FiSa can be integrated into the building permit review process and used in content checks. The
findings demonstrate that a structured approach to ontology alignment can enhance communication
among ontology developers and promote the reuse of concepts. This research underscores the need
for further investigation to address interoperability issues in general and improve regulatory
compliance in construction.
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1 Introduction

Building permitting stands as a critical process within the construction domain, yet its potential is
hindered by a deficiency in digitalization and automation (Noardo et al 2020). The complexity of this
issue is particularly exacerbated by challenges in stakeholder involvement, underscoring the pressing
need for innovative solutions to streamline and enhance the efficiency of the building permit process
(Beach et al 2020). From a managerial standpoint, the engagement of various stakeholders in the
building permit process remains a manual and time-consuming endeavor. This is evident in
professions like fire safety engineers, where outdated practices persist. Innovative approaches are
imperative to address these inefficiencies and propel the building permit process into a more
streamlined and technologically advanced realm.

Fire safety requirements are described prescriptively in building regulations and are published as
human-readable texts. Building regulations are legal documents written by people intended to be
applied by experts (Nawari 2018). These regulations often lack clarity, which makes it necessary for
experts to interpret and convert them into a machine-readable format (Hjelseth 2019) when aiming
to integrate fire safety into digital building design. The process of (non-)automated compliance
checking then culminates in a prescriptive fire safety certificate by the appointed fire safety engineer
needed to obtain a building permit. Further, through performance-based methods, fire safety
engineers can enforce and argumentatively replace prescriptive requirements, where these deviations
exist within a gray area of legal documents, lacking defined definitions and relationships. When
prescriptive fire safety requirements cannot be met, it necessitates a safety goal-oriented fire safety
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certificate prepared by the fire safety engineers, which is then required for obtaining a building
permit.

Integrating fire safety engineering methods within the development process of fire safety certification
is challenging due to its complexity since the building permit authorities are likely not qualified to
review (Athanasopoulou et al 2023). Consequently, automated content review (e.g. compliance
checks) and the integration of different stakeholders remain a complex process for all parties involved,
resulting in delays in obtaining building permits (Nawari 2018b, Fauth & Seify 2022). The
comprehensibility of possible fire safety solutions for authorities permitting a building project
challenges discussions regarding the timing of involvement of fire safety in the design process
(Athanasopoulou et al 2023b, Buchanan & Abu 2016). The challenge of organizing information for
information processing stems from the heterogeneity of technical representations like vocabularies
and ontologies, hindering clear semantic exchange, e.g., regarding building permits (Pauwels &
McGlinn 2022). An ontology is a comprehensive classification of the entities that are assumed to exist
within a specific domain of interest (Sowa 2000). Ontologies refer to a formal technical representation
of knowledge within a domain, consisting of a set of concepts and the relationships between them,
which can be used to organize information, as well as share and facilitate reasoning about knowledge
in computer systems. To overcome interoperability issues, methods for distributed modeling and
accessing information have emerged, focusing on standardizing ways to create, publish, and reuse
knowledge globally (Pauwels & McGlinn 2022). For example, this involves using Uniform Resource
Identifiers (URIs) for components, allowing cross-domain concept reuse through standardized
vocabularies like the Simple Knowledge Organization System (SKOS) (Miles & Bechhofer 2009), which
is further described in the research method. There are three types of ontology reuse: hard reuse, which
involves importing the entire existing ontology (Fernandez-Lépez et al 2019); soft reuse, which
involves only referencing URIs (Fernandez-Lopez et al 2019b); and direct application of an existing
ontology without creating a new one (Kamdar et al 2017).

Problems can occur when ontologies do not provide a clear explanation of their licensing (Poblet et
al 2018). It is important to note that just because an ontology is available online, it does not necessarily
mean that it can be reused legally (Fernandez-Lopez et al 2019c¢). A case study using BioPortal revealed
most ontologies use less than 5% of terms from a few established ones, with many having no term
reuse. Ontology developers aimed to reuse terms but often used incorrect representations. Analysis
showed developers commonly reuse similar terms, organizing them as sibling or parent-child nodes
in the ontology hierarchy (Kamdar et al 2017b). Due to the domain-agnostic nature of ontology
modelling, their findings about ontology reuse may serve as a suitable precedent in the AEC.

The lack of definitions of mapping/alignment methodologies is considered inadequate, and the
throwing together of buzzwords quickly leads to incomprehensibility and a lack of reuse. Looking at
examples for semantic automated code compliance checking such as Jiang et al. (2022), Zheng et al.
(2022), and Zhou & El-Gohary (2021), multiple terms such as fusion or alignment are used without
giving a precise definition. To investigate and overcome the problem of lacking ontology reuse in the
domain of AEC, the objective of the study is to align domain ontologies that are related to the domain
of building permitting. The research questions are (1) how use cases could look like from a conceptual
perspective and (2) to what extent they are alignable.

2 Research Approach

The methodology is subdivided into three steps. Step 1 involves the identification of potential use
cases where ontologies can be aligned from a process management perspective. In Step 2, an analysis
is conducted to discern similarities among the identified concepts. Subsequently, in Step 3, the
utilization of SKOS, a common data model for sharing and linking knowledge organization systems
via the Web (Miles & Bechhofer 2009b), is employed to articulate and describe the relationships
between concepts, contributing to a more comprehensive understanding of their interconnections.
The SKOS data model sees a knowledge organization system as a bundle of concepts, identified by
URIs, while forming a concept scheme. SKOS concepts may be linked to other SKOS concepts through
semantic relation properties. Therefore, the concept class serves as both the domain and range for all
the semantic relation properties. A concept scheme refers to an ontology or taxonomy within the
SKOS terminology. The SKOS data model offers support for hierarchical and associative links between
SKOS concepts, including skos:broader, skos:narrower, and skos:related. SKOS concepts
may be mapped to other SKOS concepts in various concept schemes. The SKOS data model offers four
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fundamental mapping types where the relationships are inherent in the meanings of the linked
concepts:  hierarchical  (skos:broadMatch and  skos:narrowMatch), associative
(skos:relatedMatch), close equivalent (skos:closeMatch, mapping two concepts that are
sufficiently similar and can be used interchangeably), and exact equivalent (skos:exactMatch,
mapping two concepts, indicating a high level of confidence in their interchangeability). (Miles &
Bechhofer 2009c) The relation between semantic and mapping properties is illustrated in Figure 1.

skos:semanticRelation
l— skos:related
+- skos:relatedMatch
+- skos:broaderTransitive
+- skos:broader

+- skos:broadMatch
+- skos:narrowerTransitive

+- skos:narrower

+- skos:narrowMatch

+- skos:mappingRelation
+- skos:closeMatch
| +- skos:exactMatch

+- skos:relatedMatch
|

+- skos:broadMatch

+- skos:narrowMatch

Figure 1. The full set of sub-property relationships within SKOS (Miles
& Bechhofer 2009d).

2.1 The Domain-Ontologies

Ontologies have been scientifically discussed in relation to building permits, with the following four
approaches presented and examined as examples. The concept of the Ontology-based Building Permit
Review (OntoBPR) (Zentgraf et al 2023) has been developed to cover the process steps involved in
building permit reviews within authorities. Consequently, OntoBPR aligns different ontologies that
cover the subprocesses of the building permit process. The representation of knowledge and
information covering the administrative structure and workflows of building permit authorities is
provided by the Ontology for Building Permit Authorities (OBPA) (Fauth & Seif3 2023, Fauth et al
2022). The OBPA is designed as a flexible and extendable system to represent country-specific building
permitting processes of building permit authorities. In addition to the OBPA, the Interconnected Data
Dictionary Ontology (IDDO) is aligned with the OntoBPR ontology. The IDDO (now known as
ISOProps (Mellenthin Filardo et al 2024)) covers the content-specific review of building permits by
providing digitized knowledge from building codes in a hierarchically structured tree of properties
referenced in a dictionary (Zentgraf et al 2022).

As the fire safety certificate is crucial documentation required for building permits, the Fire Safety
Ontology (FiSa) (Fitkau & Hartmann 2024) can be regarded as a domain ontology. FiSa represents fire
safety requirements of building regulations in a machine-readable format, enabling automatic
compliance checking. Integrating fire safety experts into the ontology’s development fostered a
shared understanding aiming to guarantee the encompassment of concepts required for the
representation of fire safety requirements. The ontological knowledge formalization describes
building structures from the perspective of fire safety, covering preventive requirements, building
classification, materials, and components. FiSa addresses communication gaps among stakeholders
that arise from building designs developed without a comprehensive understanding of the necessary
fire safety requirements.

3 Key Findings

To align the domain ontologies, use cases are described to evaluate the possibility of integrating
OntoBPR and FiSa from a management perspective. Later, the mapping of similar concepts is shown
using the example of the alignment of OBPA and FiSa.
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3.1 Use Cases

The use cases describe different scenarios how FiSa can be integrated into OntoBPR in a processual
manner.

3.1.1 Use Case 1

The first use case is intended to integrate FiSa in the participation process of the building permit
review within OntoBPR (see Figure 2). In the participation process, multiple other stakeholders are
involved and are asked to give statements. The participation applies to other authorities, private
agencies, but also fire safety engineers under specific circumstances (e.g., public building) as explained
in the introduction. In this use case, FiSa can be implemented to serve the fire safety engineer in his
role as an external stakeholder to check the project in the context of the OBPA.

Receipt of building Completion of building
o application ; »/’.OBPA—D k\ OBPA—> y|DDO o permit review
Oo— ; 7 - C;»ﬁ f
X . \‘. Content ’ L, Issuing
Assignment —» Participation notification
review
letter

Complete- Assignment Participation Checking Positive or
Sub-pro- ness checks Sub-pro- according to Sub-pro- of external Sub-pro- numerical Sub-pro- negative
cesses cesses expertise cesses stakeholder cesses requirements cesses result
Legend: .
%" FiSa
Ontology to Organizational . . —
be developed process step . Participation
. of Fire Safety
o : Developed D Substantive Engineer
«,  ontology process step

Figure 2. Building permit process: participation of external
stakeholders, such as fire safety engineers (Use Case 1) (extended
(Zentgraf et al 2023)).

3.1.2 Use Case 2

In the second use case, the fire safety aspects (represented by FiSa) are checked as part of the content
check (see Figure 3). The content check refers to checking of substantive information (in comparison
to formal information) processed by the building permit authority. Besides other substantive
information such as accessibility or energy, fire safety regulations are considered here. As presented
in OntoBPR, IDDO runs in parallel to FiSa, meaning that FiSa covers the checking of fire safety

regulations by the building permit authority while IDDO covers other relevant substantive
compliance checks.

Content review
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Figure 3. Building permit process: mapping compliance checking
ontological schemas within content review (Use Case 2) (extended
(Zentgraf et al 2023)).

Proc. of the CIB W78 Conference 2024, October 1%-3™ 2024, Marrakesh, Morocco



Fitkau et al. 2024 Ontology Reuse in Building Permitting

3.2 Alignment and Reuse

With regard to the alignment of OBPA and FiSa, using the SKOS properties, the concepts listed in
Table 1 are suitable for reuse while being mapped using one or more of the four SKOS mapping types.
This mainly concerns higher-level concepts such as the taxonomy of buildings and the certificates
required for a building permit, where e.g. the fire safety certificate is a sub-concept of
fisa:TechnicalStructuralCertificate in FiSa, but does not exist in OBPA, requiring the use
of general semantic relations rather than the discrete set of mapping properties of SKOS.

The determination is based on a pure direct exchange between the developers of both ontologies.
Therefore, we went by whether the respective concepts are similar in their use and their sub-concepts
(whether exactly, somewhat distant, or far away). That means, the less precise the match was defined
by the developers (qualitatively in the exchange), the further away from ‘exact affiliation’ the SKOS
attribute was used. For example, this may result in the use of 'hasRelatedMatch' or 'hasCloseMatch'
rather than 'hasExactMatch' (for a complete exact match).

Table 1. Mapping of OBPA and FiSa through SKOS-Concepts.

Related Concepts
FiSa OBPA SKOS
1 bot:Building bot:Building hasCloseMatch
2 fisa:SpecialPurposeConstruction obpa:SpecialConstruction hasExactMatch
3 fisa:RuleOfApplication obpa:Regulations hasRelatedMatch
4 fisa:TechnicalStructuralCertificate obpa:Building Application related
5 fisa:Surrounding obpa:PlotOfLand hasExactMatch

4 Discussion and Implications

Reusing ontology concepts faces challenges due to a lack of organized views across domains. In
particular, finding and understanding relevant ontologies for reuse requires extensive research. When
reusing ontology concepts, developers must ensure the consistency of the ontology scheme,
addressing the fact that the reused ontology scheme may also include other reused ontologies.
Furthermore, importing entire ontologies for a hard reuse is time-consuming and often results in
limited suitable concepts for modeling. Developers seek similar concept meanings across domains
rather than a database of numerous ontologies for inspiration. Clear definitions in a thesaurus are
crucial to provide ontology (re-)users with dedicated information about the meaning and existing
reuses of the ontology. Rather than enforcing naming conventions, the focus could be on facilitating
understanding and explaining differences in meaning. This may also support the documentation of
reuses and illustrate the reuse of an ontology in a separated view. The buildingSMART Data
Dictionary (bSDD) (buildingSMART International n.d.) offers comprehensive features promoting data
quality, consistency, and interoperability, enhancing granularity through its terminology approach.
Further practical research must show whether the granularity of an ontology can be addressed not
only by terminology work but also by an overall mapping approach as described using the following
workflow. A thesaurus could effectively combine similar concepts within the built environment
domain through the use of SKOS concepts. This will allow for a direct search query by including
similar concepts that are defined, commonly understood, and categorically organized. The thesaurus
will be accessible on the web, providing an organized collection of terms and a linked database for
researchers to use. Technically, the Built-Environment-Thesauri (BEssi)-Ontology can serve as a
distinct ontology in the backend. The BEssi data model then includes the interchangeable concepts
that can be mapped using SKOS properties, as shown in Table 1. Such selections are made by the
ontology modeler using a specially designed input mask. In this input mask, similar concepts are
mapped to existing thesaurus concepts using BEssi via SKOS object attributes. A background process
checks the mapping entries before displaying them in the thesaurus. The thesaurus itself will promote
the reuse of concepts by providing the possibility to search for similar concepts in the first place. The
process of mapping for ontology modelers is illustrated as a flowchart in Figure 4.

Proc. of the CIB W78 Conference 2024, October 1%-3™ 2024, Marrakesh, Morocco



Does an ontology

YM

Fitkau et al. 2024 Ontology Reuse in Building Permitting

Queried BEssi's

Y

exist yet?

Thesaurus yet?

No

Queried for similar
concepts in BEssi's
Thesaurus?

Query BEssi's
Thesaurus.

Yes

y

Use the Thesaurus' W

;/ Found a similar

search tool to query for
concepts in BEssi.

NOTE:

The Bullt Environment Thesaun (BEss)-Ontology
is the ontology In the backend of the prototypical,
accessible Thesaurus on the web.

concept?

Yes

Want to reuse this
concept?

Use the

Construct/Insert-Query
to reuse BEssi's
concept directly in
another ontology.

Use the input mask to
add new concepts to

BEssi and its
Thesaurus.

Align any concept to
similar concepts in
BEssi's Thesaurus.

Figure 4. Mapping-Workflow of ontology modelers to support the reuse
of similar domain concepts.

In the course of content discussions, pivotal questions emerge: Firstly, would the engagement of
stakeholders beyond fire safety engineers exhibit similar dynamics? Secondly, what potential
alterations could manifest in the review process with the practical implementation of ontologies?
These inquiries underscore the need for a nuanced exploration of stakeholder roles and the
transformative impact of ontologies on the review procedures. Notably, the identified use cases,
though indicative, may not provide a comprehensive overview, suggesting the possibility of
additional scenarios, such as the amalgamation of Use Case 1 and Use Case 2, that warrant exploration
and analysis.

This study aims to stimulate discourse on how tracking could be significantly improved in the
future by unifying ontologies within a single terminology. Currently, a human with a subjective
perspective is responsible for merging requests from ontology creators into the terminology database.
This presents a challenge, especially when dealing with vocabulary in different languages, among
other complexities. The question remains: who ultimately serves as the qualitative authority in this
process?

Further limitations concern the missing defined rationalization, as mentioned in section 3.2.
Future work could focus on approaches, for example, on how this can be quantified in the future (e.g.,
20 matching sub-concepts equals ‘CloseMatch’ or rather rule-based arguments infer the same
concepts, hence ‘CloseMatch’).
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5 Conclusion

In conclusion, our study explores the critical role of ontology reuse in the context of building
permitting. Through the alignment of FiSa and OPBA using SKOS, we pathed the novel mapping
approach, providing a structured and query-ready schema (BEssi) to enhance future reuse of concepts
and communication among stakeholders. Our key findings encompass two distinct use cases that
illustrate the possible integration of domain ontologies using the example of FiSa in the participation
process of building permit reviews and its application in content checks. The identified use cases,
while indicative, suggest the need for further exploration and analysis, pointing towards future
research directions in ontology reuse for improved building permitting processes.
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