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Abstract
Linking is increasingly adopted in BIM-GIS integration
to connect heterogeneous datasets without forcing full
schema conversion. Application scenarios are the linked
transfer e.g. of BIM and environmental data for permitting
or the linking segmented 3D point clouds. However, links
are often treated as purely technical connectors, while their
interpretability remains implicit. We distinguish closed,
shared, and open discourse space and analyze how com-
mon link paradigms support the ability to reconstruct
sender intention. We also discuss practical trade-offs re-
garding implementation effort, tooling, and adoption. This
paper is intended to help readers select appropriate linking
mechanisms depending on BIM-GIS integration goals.

Introduction
Linking has become a central strategy in BIM-GIS inte-
gration, particularly where heterogeneous data structures,
scales, and modeling assumptions make full schema unifi-
cation impractical. A linked approach relies on establish-
ing relationships between heterogeneous datasets instead
of fully unifying their underlying data models or use natu-
rally imperfect format conversions (Eriksson et al., 2020;
Korkmaz and Basaraner, 2024). Instead of converting data
between formats such as IFC and CityGML, many integra-
tion approaches rely on explicit or implicit links to estab-
lish relationships between models, elements, or represen-
tations (Liu et al., 2017; Guyo et al., 2021; Beck et al.,
2020). If we assume a simple communication model in-
volving a sender and a receiver, the sender creates both
the application models and BIM/GIS links. After the data
transfer, the receiver must identify the relevant parts of the
application models and the intended meaning of the links.
The receiving software might e.g. be a Common Data En-
vironment, BIM-coordination software or a web-GIS.
Where the semantic intent behind a link cannot be recov-
ered, e.g., which coordinate transformation was applied or
what part-whole relationship was assumed, the receiving
system either propagates a silent misinterpretation or must
recompute the original analysis (if known) from scratch.
The receiver cannot determine whether their interpretation
corresponds to the one under which the link was created.
Semantic mismatches between established standards re-
flect not only technical modeling differences but funda-

mentally divergent domain perspectives: GIS adopts a
global, landscape-oriented view prioritizing spatial rela-
tionships and regional context, while BIM employs a de-
tailed, object-centric perspective focused on individual
building components (Kolbe and Donaubauer, 2021; Tan
et al., 2023; Sani et al., 2022).
An integration by linking both domains must therefore
consider different semantic depths and requires flexible in-
tegration approaches. In this regard, Mohammed et al.
(2026) propose multiple levels of BIM-GIS integration
quality and suggest that higher integration levels rely on
more expressive linkingmechanisms, while also highlight-
ing the need for clearer methodological guidance and stan-
dardization.
Despite their importance, links are often treated as tech-
nical implementation details or a matter of computational
efficiency (Napps et al., 2026). As a result, assumptions
about relationship semantics, scope of validity, and inter-
pretability remain implicit, limiting transparency, repro-
ducibility, and reuse of integration results. This is partic-
ularly problematic in BIM-GIS scenarios, where relation-
ships may encode non-trivial analytical decisions - such
as georeferencing strategies, spatial abstractions, or part-
whole interpretations - that cannot be reconstructed from
geometry or attributes alone.

Background and Research Questions
Previous work by Krischler et al. (2025) introduced and
operationalized four link types - geospatial, geometrical,
topological, and mereological - to support context-
sensitive BIM-GIS integration within container-based ex-
change models, compliant to DIN 18290 (Multimodel-
Container). The link types do not prescribe a specific tech-
nology or schema, but describe what kind of relationship is
being expressed and which assumptions are made explicit.
The Multimodel-schema was chosen here, as it is success-
fully implemented and used in (German) construction soft-
ware for tendering, awarding contracts, and billing.
Geospatial links explicitly relate datasets through their
geographic positioning by defining a common spatial ref-
erence or transformation parameters, enabling consistent
co-registration across BIM and GIS models.
Geometrical links associate datasets via auxiliary (proxy)
geometric representations, such as footprints or bounding
volumes, to reference spatial subspaces where no shared



identifiers or semantic alignment exist. Topological links
describe spatial relationships such as containment, inter-
section, or adjacency independently of exact geometry,
allowing robust connections between entities of different
dimensionality. Mereological links capture part-whole
relationships between heterogeneous representations, en-
abling the association of datasets that describe overlapping
or corresponding parts of the same real-world entity at dif-
ferent levels of detail. While this work demonstrated how
expressive links can be formalized, it also revealed that
identical link structures can have very different meanings
depending on where and how they are interpreted.
This paper takes a step back and asks: why do link model-
ing approaches differ so fundamentally in their expressive
power and interpretability? We argue that the key, yet un-
derexplored factor, is the discourse space in which links
operate. By making discourse scope explicit, we aim to
clarify the relationship between link modeling paradigms,
semantic expressiveness, and practical applicability.
The paper addresses the following research questions:
RQ1: How do commonly used link modeling approaches
in BIM-GIS integration differ in their level of link ex-
pressiveness for geospatial, geometrical, topological, and
mereological links?
RQ2: How does link expressiveness influence the ability
to reconstruct sender intention and semantic context?
RQ3: What practical requirements and trade-offs are asso-
ciated with realizing different levels of link expressiveness
in BIM-GIS workflows?

Analytical Framework
This paper follows an analytical and comparative research
approach. It first introduces discourse space as an ana-
lytical framework to distinguish between closed (local),
shared, and open (global) semantic contexts in which links
between BIM and GIS data are created and interpreted.
Building on this framework, commonly used link model-
ing approaches from research, standardization, and prac-
tice are analyzed comparatively with respect to their level
of link expressiveness. Existing approaches are examined
and positioned within the discourse space framework, al-
lowing their underlying assumptions, expressive capabili-
ties, and limitations to be discussed systematically.
The analysis further examines how different levels of link
expressiveness affect the reconstruction of sender inten-
tion and semantic context, and concludes with a discus-
sion on practical requirements and trade-offs for realizing
expressive links in BIM-GIS workflows.

Discourse Spaces in BIM-GIS Integration
We define discourse space as the semantic scope within
which the meaning of a link is interpretable without ad-
ditional external knowledge. Prior work implicitly re-
flects different semantic depth of link interpretation (Bor-
rmann et al., 2021), ranging from schema-internal re-

lationships (e.g. through Application Domain Exten-
sions) to ontology-grounded semantic links (Beck, 2023;
Hagedorn et al., 2023; Davar Panah, 2025; Schilling and
Clemen, 2023). However, these scopes are rarely made
explicit as design decision. Three discourse spaces are dis-
tinguished within this paper (Figure 1). The primary for-
mal criterion for our “discourse spaces” is where (!) the
link schema is located: in the application model (closed),
in a standalone, use-case-specific link schema (shared),
or in a formal, publicly accessible ontology in the sense
of the Semantic Web (open), and whether the link is self-
descriptive rather than just serving as a pointer. The W3
community describes ”self-descriptive” data as a defined
label, definition and comment within the representation
itself without relying external documents for description
(World Wide Web Consortium, 2014).

closed

shared

open

discource boundaries

Figure 1: Link paradigms covering local, shared, and open
contextual discourse.

Closed (Local) Discourse refers to links whose meaning
is interpretable onlywithin a single file, dataset, or schema.
Semantics are implicit and depend on internal conventions,
such as schema structure, attribute naming, or software-
specific behavior. Interpretation requires knowledge of the
originating data model, as no externalized semantic con-
tract or self-descriptive semantic content exists within the
link itself (e.g. a relational database schema).
Shared Discourse denotes a bounded semantic context
established across multiple datasets within a project or
integration setting (e.g. within information containers,
where there is a semantic agreement on the linkage be-
tween datasets). Here, link meaning is self-descriptive
and explicitly agreed upon through project conventions,
container schemas, or link models, but remains valid only
within that context.
Open (Global) Discourse describes links whose seman-
tics are interpretable independently of a specific project
and whose links are fully self-descriptive. Meaning is
grounded in shared, publicly defined vocabularies or on-
tologies, typically using globally resolvable identifiers and
interpretation does not rely on bilateral agreements (e.g.
public ontologies following the FAIR-principles).
These discourse spaces are not mutually exclusive but rep-



Table 1: Categories of Link Expressiveness and Their Impact on Intention Reconstruction
Category Low Expressiveness High Expressiveness Impact on RQ2
Direction Non-directional Explicitly directional Clarifies information flow
Cardinality Binary (1:1, 1:N) N-ary, attributed Preserves complex patterns
Architecture Embedded Reified with metadata Enables rich context
Semantic Strength Implicit/local Standardized/global Ensures consistent interpretation
Link Depth Document-level Attribute-level Supports precise integration
ID Scope Local Global/persistent Enables long-term validity

resent increasing degrees of semantic explicitness and ex-
ternal interpretability.

Link Expressiveness
In this paper, link expressiveness denotes the ability of a
link representation to make relationship semantics explicit
and machine-interpretable. This includes, but is not lim-
ited to:
• explicit relationship type and link directionality
• support for qualified and n-ary relations
• attachment of parameters and constraints
• explicit scope and validity context
• provenance and derivation metadata
Expressiveness is not inherently desirable in all cases as
it usually introduces trade-offs in complexity, tooling and
governance. The following sections analyze how expres-
siveness manifests across discourse spaces and link mod-
eling paradigms.

Comparative Analysis of Link Expressiveness
(RQ1)
This section presents a comparative analysis of commonly
used link modeling approaches in BIM-GIS integration,
examining how they differ in their ability to explicitly ex-
press geospatial, geometrical, topological, and mereologi-
cal relationships. The analysis is structured along the pre-
viously introduced discourse spaces and positions existing
approaches accordingly, thereby making their expressive
capabilities and limitations directly comparable.

Closed Discourse: Schema-Inherent and Implicit
Links
In closed (local) discourse, links are embedded within data
models as references, foreign keys, or structural relation-
ships. Common examples include relational database joins
or GML XLinks. These mechanisms typically allow only
minimal expressiveness: a link indicates that a relationship
exists, but not what kind of relationship it is or why it was
established.
Directionality, cardinality, and constraints are either im-
plicit or fixed by the schema. For BIM-GIS integration,
this limits expressiveness, particularly for geometrical and
mereological (part-whole relationship) links, which often
require additional parameters or contextual assumptions.
Local discourse links are easy to implement and widely

supported, but they externalize semantic interpretation to
documentation or human expertise. Figure 2 shows an
exemplary relational database schema for buildings and
parcels. The keys do not carry a self-explanatory semantic
meaning. The link merely establishes a technical associa-
tion whose interpretation depends entirely on understand-
ing the specific schema design and naming conventions
used by the database creators. Local discourse approaches
exist primarily in everyday engineering practice. They are
rarely represented in research, as published work focuses
on more sophisticated approaches.

Figure 2: Example for local discourse linking.

Shared Discourse: Objectified Links in Integration
Contexts
Shared discourse denotes a bounded semantic context es-
tablished across multiple models within a project or in-
tegration setting. Within this scope, link meaning is
fixed through explicit agreements, schemas, or linkmodels
that enable consistent interpretation among participating
datasets, but remains valid only within that specific inte-
gration context.
Examples from research and standardization include infor-
mation containers that intend to support the integration of
heterogeneous information artifacts by organizing them in
a common container while preserving their original rep-
resentations. The ISO 21597 standard (Information Con-
tainer for Linked Document Delivery, ICDD) introduces
an explicit mechanism for representing relationships be-
tween documents by modeling links as independent, ob-
jectified entities. A similar approach, implemented in the
DIN-standard 18290 (Multi-Model Container, MMC), en-
ables links to carry types, metadata, and provenance in-
formation, supporting traceability and reproducibility in
multi-model environments (Fuchs, 2015). Figure 3 shows
an example link between a building model and a parcel in
an MMC.
By separating information objects from their relationships,
both standards establish a clear conceptual distinction be-
tween domain data and integration semantics. Links are



Figure 3: Example for shared discourse linking.

modeled as explicit objects with identifiers, types, and
metadata, allowing richer expressiveness than schema-
inherent references. In this discourse space, geospatial
links can explicitly encode transformation parameters, ge-
ometrical links can reference spatial subsets, and topo-
logical or mereological relationships can be typed and di-
rected. However, the semantics of these link types are typ-
ically defined by project agreements or domain-specific
conventions rather than globally standardized vocabular-
ies. Former research has focused on exploiting and extend-
ing both schemas to allow more semantic expressiveness,
as by Hagedorn et al. (2023) or Krischler et al. (2025) and
to include queries as external links.
Shared discourse enables consistent interpretation across
participating tools and stakeholders, but links remain
context-bound and require governance within the integra-
tion setting.

Open Discourse: Ontology- and Graph-Based Linking
Open discourse is realized through semantic web and
graph-based approaches, where links are expressed using
globally defined predicates and identifiers. Relationships
are first-class entities that can be independently queried,
extended, and reasoned over. However, the choice for a
graph-based approach does not necessarily imply semantic
expressiveness, but rather the quality of the used ontology
(Akbarieh et al., 2025).

rdf:type

ex:Building_A

ifcowl:IfcBuilding

ex:Parcel_77

cp:CadastralParcel

Namespaces:
   ex: http://example.org/
   cp: http://www.w3.org/2015/03/inspire/cp#
   geo: http://www.opengis.net/ont/geosparql#
   ifcowl: https://standards.buildingsmart.org/IFC/DEV/IFC4/ADD2_TC1/OWL#
   rdf: http://www.w3.org/1999/02/22-rdf-syntax-ns#

geo:sfWithin

rdf:type

Figure 4: Example for open discourse linking.

For example, semantic web approaches that use URI-
identified concepts from established ontologies, such as
linking a building element to a concept from the Build-
ing Topology Ontology (BOT) (Rasmussen et al., 2020)
using bot:hasSpace, or links expressed using standard-
ized relationship types from domain-independent vocabu-
laries like Dublin Core (dcterms:isPartOf ) or schema.org
(schema:containedInPlace) carry semantics that are glob-

ally documented and machine-interpretable without re-
quiring knowledge of the specific BIM-GIS integration
context. Works from Hbeich and Roxin (2020); Ji et al.
(2024); Wang and Issa (2020) use ontological approaches
to overcome integration challenges. Senthilvel (2024)
presents a comprehensive approach for managing and val-
idating semantically rich, objectified links using informa-
tion containers and the BuildLinks Ontology, with a strong
focus on provenance, link semantics, and standard compli-
ance. This work allows for an open discourse as it relies
on shared metadata understanding as well as semantic web
technologies, even if using information containers as car-
rier.
This paradigm enables the highest degree of expressive-
ness for all four BIM-GIS link types, including qualified
relations, temporal validity, and formal constraints. Mere-
ological and topological semantics can be grounded in
axiomatized vocabularies, enabling inference beyond ex-
plicitly stated links. The cost of this expressiveness lies
in higher conceptual complexity, infrastructure require-
ments, and limited industry adoption.

Impact on Intention Reconstruction (RQ2)
Intention reconstruction refers to the ability of a receiving
system to infer the semantic intent behind a link without
reliance on external documentation or institutional mem-
ory. It operates on three levels: machine-readability of
the link predicate, semantic reconstructability based on a
shared vocabulary, and recovery of the originating analyt-
ical decision (why the link was created and under which
assumptions it remains valid). The categories in Table
1 primarily address the first two levels, though all three
matter in practice. Machine-readability suffices for visu-
alization, semantic reconstructability is required for cross-
organizational coordination, and intention recovery be-
comes critical where a link recomputed by a downstream
actor may encode different assumptions than the sender in-
tended. The link expressiveness as characterized in Table
1 influences directly whether reconstruction is possible.
Each category contributes differently to reconstruction,
e.g. direction clarifies whether information flow can be
traced unambiguously and cardinality determines whether
complex integration patterns can be faithfully preserved
or must be simplified. Architecture governs whether con-
textual metadata, such as provenance, derivation method,
or quality indicators, can be attached to links. Semantic
strength implies whether relationship meaning is locally
implicit or grounded in standardized vocabularies inter-
pretable without prior schema knowledge. Link depth af-
fects the granularity at which relationships are expressed,
from entire documents to individual attributes or geomet-
ric sub-elements. Finally, ID scope determines whether
identifiers remain valid only within a single file or persist
across projects and over time.
These categories do not operate independently. As Table 2
illustrates, concrete linking mechanisms combine them in



characteristic patterns corresponding to the three discourse
spaces. Mechanisms in schema-based closed discourse,
such as IFCExternalReference, or XLink, typically ex-
hibit unidirectional linking, limited cardinality, and iso-
lated semantic strength, which severely constrains inten-
tion reconstruction to the mere existence of a relationship.
In shared discourse, container-based mechanisms such as
ICDD linksets and MMC links achieve higher semantic
expressiveness through objectified link architecture, ex-
plicit directionality, m:n cardinality and standardized se-
mantics within their container schemas, enabling receiv-
ing systems to recover relationship type, parameters, and
provenance. In open discourse, OWL-based mechanisms
combine all high-expressiveness characteristics from Ta-
ble 1 with globally persistent identifiers, enabling full ex-
ternalization of sender intention through publicly defined
vocabularies that support independent interpretation, vali-
dation, and inference.
The following examples demonstrate linking in the three
discourse spaces and discuss the respective implications
for intention reconstruction.

Closed Discourse: Linking Buildings with Cadastral
Parcels
The following Listing 1 shows an example within the IFC
data model. A direct reference from an IfcSite entity to
a cadastral parcel identifier retrieves land ownership in-
formation. The cardinality is typically 1:1, occasionally
1:n for connecting parcels. The IFC entity references
external object DESNALK01Pe000RV, interpretable only
within IFC’s internal semantics. The link purpose is not
explicit; intention must be inferred from metadata, file
names, or workflow conventions. The link is unidirec-
tional (cadastral file has no knowledge of this reference),
yet well-established in practice.
In a closed discourse, only the information contained in-
side the schema can be reconstructed. Information outside
of this, such as whether the target reference is an object
or an attribute, and its meaning, cannot be reconstructed
because, unlike the sender, the receiver does not know the
schema of the link target. Similarly, the meaning of the
link cannot be restored. The sender knows that a building
is going to be constructed on the parcel of land to which
the link is attached. However, the link does not convey this
knowledge, so the recipient cannot understand it.

Listing 1: External link to another file in IFC

#33=IFCSITE('2PKyxyUDfD6wqc9p_1NzER',...);
#70=IFCDOCUMENTREFERENCE($,'

DESNALK01Pe000RV',$,$,#72);
#71=IFCRELASSOCIATESDOCUMENT('1R7R97$

uLAAv4wci$KGwn8',#18,$,$,(#33),#70);
#72=IFCDOCUMENTINFORMATION('d3L4G','1206

_ACW.xml',$,'https://www.example.org/'
,$,$,$,$,$,$,$,$,$,'2025-11-25','
2026-11-24',$,$);

Shared Discourse: Geospatial Linking for Unified Po-
sitioning
Listing 2 shows an example link within a container for the
exchange of models between project partners. Informa-
tion about the georeferencing is required to derive knowl-
edge or understand the link. The link is part of the link
model in a multi-model container with extended link types
by Krischler et al. (2025). Links are stored in a separate
file, but are only valid within the container context. In a
shared discourse, the recipient can understand the mean-
ing of a link because the link type and its attributes explic-
itly specify it. Receiving software can interpret the geo-
referencing intention based on the link type and additional
information, such as inner and outer poses. However, the
recipient can only interpret link information that is defined
within the context. If the sender uses link information from
outside the container context, the recipient cannot interpret
it. In this example, the information can be used to trans-
form the data into another coordinate system to visualize
all geometrical models in the MMC together.

Listing 2: Extended geospatial link in MMC with additional
information for georeferencing

<GLM:GeospatialLink type="pose">
<GLM:GeospatialRelatum m="ContainerCRS"

type="wktCrs"/>
<GLM:GeospatialRelatum m="BuildingModel"

type="innerPose" innerPoseId="#22"/>
<GLM:outerPose>

<GLM:Pose origin="
411251.200,5654378.125,119.300"
x-axis="-0.305,-0.952,0"
z-axis="0,0,1" scale="1,1,1"/>

</GLM:outerPose>
</GLM:GeospatialLink>

Open Discourse: Linking Building Parts with Point
Clouds
The Listing 3 shows an example using ontologies for link-
ingwithin a global context. Awall was scanned using laser
scanning. The point cloud is linked as a 3D representation
of the wall. The wall has a bounding box to get only the
relevant part of the point cloud. The point cloud can be
retrieved from a URL as a stream.

Listing 3: Link between wall and point cloud using ontologies

ex:Wall_23 a bot:Element;
bot:has3DModel ex:PC_2 .

ex:PC_2 a geo:Feature;
geo:hasGeometry ex:PC_BBox;
dcterms:created "2025-09-07"^^xsd:date;
dcterms:format "application/octet-stream";
ex:url <https://pc.example.org/pc_2.laz> .

ex:PC_BBox a geo:Geometry;
geo:asWKT "POLYGON Z((16.0 51.0 100.0,
...))"^^geo:wktLiteral .



Table 2: Categorization of Linking Mechanisms in BIM-GIS Integration: The different Mechanism are assigned to Discourse Spaces
(Disc.) for open, shared and closed

Metadata, like format and recording date, can be added for
additional information, for example, with the Dublin Core
terms ontology. In the open discourse, all information of
the sender’s intention can be reconstructed, because the
meaning of each class and predicate of a link can be re-
trieved from the web. The sender is not limited to a certain
amount of possible link information, like in schemas with
a closed discourse.

Discussion: Practical Requirements and
Trade-Offs (RQ3)
Different discourse spaces imply distinct practical trade-
offs:
Closed discourse offers low implementation effort and
broad tool support, but systematically shifts interpretation
costs downstream. While well-suited to integration sce-
narios that are temporally bounded (e.g. a single project
phase), organizationally contained (few stakeholders in-
volved), and functionally routine (stable workflows and
well-known schemas with little risk of unknown data sets
that might necessitate extensions), closed discourse pro-
vides only limited potential for reuse of both the linked
data and the links themselves. Because link semantics re-
main implicit and context-bound, the sender’s intention,
such as why a specific spatial, topological, or geometric re-
lationship was established, cannot be reconstructed with-
out gaps once the link is detached from its original envi-
ronment. As a result, analytical decisions embedded in the
linking process (e.g. spatial analyses, topological evalua-
tions, or transformation derivations) are not reproducible
by receiving systems and must be recomputed by down-
stream actors. This introduces redundancy and constrains
the derivation of new knowledge, as inference requires
substantial additional effort or manual interpretation, and
it raises uncertainty about the dataset as a whole. The in-
terpretation burden therefore remains with human exper-
tise rather than being encoded in a machine-interpretable
form, and the contextual knowledge that motivated linking
decisions persists only implicitly, relying on external doc-
umentation, tacit assumptions, or institutional memory.

Shared discourse balances semantic expressiveness and
practical feasibility, making it particularly approachable
for industry-oriented BIM-GIS workflows. It enables inte-
gration without requiring full data homogenization or mi-
gration into a unified semantic model, allowing datasets
to remain in their native formats while supporting explicit,
structured linking. Integration can therefore be carried out
within a bounded, project-specific environment in which
a shared ”project truth” is established, without general-
izing relationships beyond the immediate context unless
required. At the same time, reliance on open and stan-
dardized container and link models ensures that integra-
tion artifacts remain extensible and interpretable for fu-
ture use. By externalizing sender intention through objec-
tified link structures, such as geometric transformations,
topological relations, derivation provenance, or quality in-
dicators, shared discourse reduces redundancy in down-
stream processing. Analytical results produced during link
creation, for example spatial or topological analyses, can
be directly consumed by receiving software systems in-
stead of being recomputed, which might lead to amor-
tizing integration effort across multiple stakeholders and
project phases. This moderate increase in architectural
complexity is justified where recurring integration tasks,
cross-organizational coordination, and quality assurance
demand a controlled yet flexible semantic environment.
Open discourse offers the highest potential for long-term
interoperability, reuse, and machine-supported reasoning,
but it also introduces substantial practical barriers for cur-
rent industry adoption. In contrast to closed or shared
discourse, it typically presupposes that data sources are
available in RDF, that suitable ontologies (T-boxes) are se-
lected, aligned, or extended for project-specific purposes,
and that instance data (A-boxes) are populated accord-
ingly. This form of semantic engineering requires exper-
tise, tooling, and organizational maturity that are not yet
widely established in the AEC sector, resulting in signif-
icantly higher upfront effort and complexity. Where ap-
plied successfully, open discourse enables integration be-
yond project-specific contexts, allowing links to remain in-
terpretable across organizational and institutional bound-



aries without bilateral semantic agreements. Typical appli-
cation domains include legal traceability, long-term infor-
mation retention for asset and infrastructure management,
and the consolidation of heterogeneous models across ad-
ministrative levels such as cities or regions. Moreover,
open discourse enables automated reasoning and infer-
ence, supporting use cases such as consistency checking,
completeness verification, and the derivation of implicit
relationships. The investment in semantic infrastructure
is therefore justified primarily when links are intended
to function as persistent, reusable knowledge assets, en-
abling machine-accessible representations of sender inten-
tion, analytical provenance, and contextual validity con-
straints at scale.

Conclusion
This study examined the significance of links in BIM-GIS
integration from the perspective of the discourse space. It
demonstrated that the semantic value and practical utility
of links are not determined solely by the technology, but
by the context in which they arise and are interpreted. By
introducing closed, shared, and open discourse as an an-
alytical framework, the paper provided a systematic ba-
sis for comparing heterogeneous linkmodeling approaches
and positioning existing research accordingly (RQ1). This
perspective allows integration mechanisms to be evaluated
not only by their formal capabilities, but by their suitabil-
ity for different organizational, temporal, and functional
contexts.
The analysis showed that link expressiveness directly af-
fects the ability to reconstruct sender intention and se-
mantic context (RQ2). In closed discourse, intent remains
implicit and bound to local schemas or workflows, limit-
ing reproducibility and reuse. Shared discourse partially
externalizes intention through objectified links and con-
textual metadata, enabling consistent interpretation within
bounded integration settings. Open discourse fully exter-
nalizes semantic intent through globally defined vocabu-
laries and formalized relationships, enabling independent
interpretation, validation, and inference beyond project-
specific boundaries.
From a practical perspective (RQ3), the three discourse
spaces represent distinct trade-offs rather than a linear ma-
turity path. Closed discourse offers low entry barriers
but high downstream interpretation costs; shared discourse
provides an industry-viable balance between expressive-
ness and feasibility; and open discourse enables long-term
interoperability and reasoning at the cost of substantial se-
mantic infrastructure and expertise. Instead of advocating
a single integration paradigm, this paper contributes de-
cision support for selecting appropriate linking strategies
based on required semantic depth, reuse potential, and or-
ganizational readiness.
A key limitation of this work concerns the validation of
link quality and sender intention reconstruction. While the
paper shows conceptually how discourse space influences

the externalization of semantic intent, it does not define
formal metrics to assess how accurately sender intention
can be reconstructed by receiving systems. Sender inten-
tion is often tacit and context-dependent, making objec-
tive evaluation difficult without a clear ground truth. In
practice, reconstruction can only be assessed indirectly,
for example by evaluating whether links can be interpreted
without auxiliary documentation or analytical results re-
produced.

Outlook
Future work will focus on the development of an optimized
link meta-model capable of operating coherently across
closed, shared, and open discourse spaces while remaining
compatible with existing standards and domain data mod-
els. A meta-model would define a technology-agnostic
conceptual core for links, capturing relationship types,
scope of validity, sender intention, and contextual meta-
data independently of their concrete encoding. This en-
ables the same conceptual link to be instantiated in differ-
ent technical serializations - such as schema-inherent ref-
erences, container-based link models, or ontology-based
representations - depending on project needs, supporting
progressive semantic enrichment without forcing prema-
ture data homogenization. The proof of whether the choice
of closed, shared, or open can be provided technically by
ensuring that a receiving software system can interpret the
links and use them for analysis and visualization. At the
same time, it must be ensured that the chosen link approach
is adopted by the software industry and regularly used in
real BIM-GIS projects. In parallel, emerging AI-based
methods offer promising opportunities to support the im-
provement of weakly structured or semantically inconsis-
tent datasets and to generate links by automated meth-
ods. Potential applications include the normalization of
naming conventions, the identification of implicit seman-
tic patterns, and the assisted mapping of project-specific
attributes to standardized vocabularies, as well as support-
ing validation and refinement of link models, e.g. by sug-
gesting missing relations or highlighting inconsistencies.
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