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Abstract
Building information exchange in large projects remains
largely file-based, althoughmany applications require only
small, task-specific subsets of data. This paper addresses
the need for element-level, transactional access to building
information in web-based BIM workflows, including vi-
sualization and model analysis. While direct IFC-to-web
mappings are technically feasible, they often result in com-
plex schemas and verbose queries. We present a simplified
GraphQL API that enables fine-grained access to building
information while abstracting IFC complexity. Through
atomic geometry resources, flattened property access, and
amodular schema structure, the approach improves usabil-
ity, query readability, and application-oriented BIM data
access.

Introduction
Efficient information retrieval is a fundamental require-
ment of modern Building Information Modeling (BIM)
workflows. While the Industry Foundation Classes (IFC)
standard provides a comprehensive framework for repre-
senting geometry, topology, and rich semantic informa-
tion, current practice remains largely centered around file-
based exchange. IFC models are typically transferred as
monolithic STEP files, forcing client applications to load
entire datasets, even when only a small subset of informa-
tion is required. This paradigm creates information silos
that hinder low-latency data access and complicate the in-
tegration of emerging workflows, such as web-based visu-
alization, digital twins, and AI-assisted analysis.
As the Architecture, Engineering, Construction and Oper-
ation (AECO) industry moves toward higher levels of BIM
maturity, the demand for element-level, transactional ac-
cess to model data is increasing. Many practical use cases
require only partial model views, such as web-based visu-
alization, quantity takeoff, or coordination workflows. In
these scenarios, transferring and processing complete IFC
files introduces unnecessary overhead and latency.
Previous work byWolf et al. (2025) demonstrated that a di-
rect 1:1 mapping between the IFC schema and GraphQL
is technically feasible. However, the resulting API closely
mirrored the complexity of the IFC schema, so even sim-
ple queries required traversing deeply nested relation-
ships such as property assignment or geometric represen-
tations. Moreover, the heterogeneity of IFC geometry

forces clients to possess detailed prior knowledge of in-
ternal modeling constructs.
This observation parallels a broader development in the
Linked Data ecosystem of the building industry, where di-
rect schema mappings have increasingly been replaced by
more abstract and modular representations of building in-
formation.
Inspired by this paradigm shift, the research presented in
this paper moves away from strict schema mirroring and
toward the design of a tailored GraphQL API for BIM
data access. Instead of exposing the full internal structure
of IFC, the proposed interface provides a lightweight, ex-
tensible skeleton that prioritizes simplicity and practical
usability. Complex hierarchical constructs are flattened,
geometry and properties are treated as atomic leaf nodes,
and building elements are exposed as directly queryable re-
sources. At the same time, the API remains agnostic to the
underlying data source and can operate on traditional IFC
STEP files as well as with alternative storage backends.
In contrast to Large Language Model (LLM)-based in-
terfaces, which may support natural-language interaction
but do not themselves guarantee deterministic or struc-
turally validated access to BIM data, GraphQL provides
a strongly typed and self-documenting interface with au-
tomatic query validation.
The research question of this paper is: How can a tailored
GraphQL API support fine-grained, interoperable access
to building information while reducing query complexity
compared to direct schema mappings? The scope of this
work is read-oriented access for AECO workflows, with a
particular focus on spatial structure, properties, and geom-
etry.
This paper presents the architecture and design decisions
of this simplified GraphQL interface, whose public soft-
ware repository is cited in (Wolf, 2026), and shows how
modular schema extensions enable the integration of exter-
nal data sources, such as data sheets, databases, or sensor
platforms, without requiring disruptive API versioning.

Technical Background and Related Works
GraphQL is a web-based API paradigm that combines a
schema definition language, a query language, and a run-
time for resolving client-defined queries. Originally in-
troduced to address limitations of REST-based data fetch-
ing, such as over- and under-fetching of resources, it has
since become a widely adopted approach for structured



data access. GraphQL APIs are strongly typed and self-
documenting, allowing client applications to precisely de-
fine the structure and scope of requested responses. These
characteristics make GraphQL particularly relevant for
BIM-related scenarios in which clients frequently require
only a small, task-specific subset of a much larger building
model.
In recent years, GraphQL has also attracted growing in-
terest within the AECO research community, where its
potential for structured and fine-grained access to BIM-
related data has been explored (Alexiev et al., 2023; Wer-
brouck et al., 2019b,a). Beyond the BIM domain, studies
have evaluated GraphQL as an alternative to REST-based
APIs. While REST can achieve lower raw response times
in static scenarios, GraphQL has been shown to use re-
sources more efficiently when data requirements change
frequently (Lawi et al., 2021). Its declarative query model
also mitigates overfetching, which is particularly relevant
for BIM applications with largemodels (Quiña-Mera et al.,
2023).

From Monolithic IFC Mappings to Modular Semantic
Representations
The move toward tailored, API-driven access to IFC data
is part of a broader evolution in building data standards,
which increasingly favor modular, element-level informa-
tion retrieval over monolithic, file-based exchange (Zhu
et al., 2025). Early attempts to integrate IFC with web
technologies were led by the Linked Data community. The
ifcOWL ontology provides a 1:1 bidirectional mapping of
the EXPRESS-based IFC schema into RDF (Beetz et al.,
2009). While semantically complete, this approach re-
sulted in very large graphs and highly verbose query pat-
terns, mainly due to ordered collections and objectified
relationships (Pauwels et al., 2015). As a response, the
Linked Building Data community shifted toward smaller
modular ontologies such as the Building Topology Ontol-
ogy (BOT) (Rasmussen et al., 2021) and the Building El-
ement Ontology (Pauwels, 2018). This transition demon-
strated the benefits of lightweight structural skeletons that
preserve essential semantics while reducing query and
modeling complexity.

GraphQL and Semantic Web Approaches for Building
Data Access
Rather than treating GraphQL and Semantic Web tech-
nologies as competing paradigms, recent research has
explored their integration. Several approaches pro-
pose GraphQL as a client-facing interface for RDF and
SPARQL backends (Gleim et al., 2020; Karalis et al.,
2023). Taelman et al. (2019) compare architectural pat-
terns for bridging GraphQL and RDF, while Angele et al.
(2022) demonstrate that GraphQL can reduce query com-
plexity for RDF-based datasets and enable closer align-
ment with ontology-driven data models.
A similar challenge arises when exposing IFC data through
GraphQL.Wolf et al. (2025) demonstrated that a direct 1:1

mapping from EXPRESS to GraphQL is technically fea-
sible. However, the resulting schema inherited much of
the structural complexity of IFC, leading to deeply nested
queries and frequent reliance on inline fragments. In addi-
tion, GraphQL lacks native support for several EXPRESS
features, which further complicates schema design and
client-side querying. This limitation mirrors earlier expe-
riences from the Linked Data community: preserving the
entire source schema maximizes formal completeness, but
often at the cost of practical usability.

Toward Modular and Transactional BIM Data Ex-
change
In parallel to these developments, the IFC 5 roadmap
explicitly promotes modularization, normalization, and
object-level data exchange to support transactional work-
flows and partial model access (van Berlo et al., 2021).
This direction aligns closely with the design motivation
of the present work.
Geometry representation poses a comparable challenge in
both GraphQL- and RDF-based approaches. In ifcOWL,
geometry is mapped directly according to the IFC schema,
which leads to extremely large datasets and high struc-
tural complexity (Pauwels et al., 2017). Wagner et al.
(2020) provide an overview of alternative geometry han-
dling strategies in Linked Data. Bonduel et al. (2019)
demonstrate the possibility of abstracting geometry into
atomic entities and embedding external formats such as
OBJ or glTF. These findings align with the design deci-
sions presented in this work, which treat geometry as an
atomic resource optimized for downstream visualization
and analysis tasks.

Proposed GraphQL API Design
The proposed API design follows four primary objectives:
(1) to enable fine-grained, element-level access to build-
ing information without requiring full-file transfers, (2) to
reduce query complexity by abstracting verbose IFC rela-
tionship structures, (3) to remain agnostic to the underly-
ing data representation in order to support heterogeneous
backends, and (4) to provide a modular foundation that can
be extended with domain-specific information without in-
troducing breaking changes. These objectives guide the
simplification of spatial structures, the flattening of prop-
erty access, the abstraction of geometry representation,
and themodular extensionmechanism described in the fol-
lowing sections. Rather than adopting a strict 1:1 mapping
of the IFC schema, the proposed design follows a hand-
crafted, lightweight core schema that captures only the es-
sential structural concepts. This should be understood as
a task-oriented abstraction rather than a complete repro-
duction of the original data model. Although the initial
development was driven by IFC models and their STEP-
based serialization, the resulting API is not tied to a spe-
cific source format. Instead, the modular architecture en-
ables the resolution of data from heterogeneous backends,
such as files in arbitrary formats (for example RDF, JSON,



Figure 1: Similarities and differences between the spatial structure in BOT, IFC, and the GraphQL API

XML) or databases.

Spatial Structure and Topology
The core of the API design is a simplified spatial hierar-
chy that is conceptually aligned with the Building Topol-
ogy Ontology (BOT) while remaining compatible with
common IFC modeling practices. This structure provides
a simplified navigation model for client applications and
serves as the primary entry point for accessing spatially
organized building data. To reduce traversal complexity,
the API adopts a hierarchical zone model based on BOT
and introduces a common Zone interface implemented by
the Building, Storey, and Space types. In contrast to
IFC, where spatial containment is expressed through ob-
jectified relationships (e.g., IfcRelAggregates), these
relationships are represented directly as fields of the re-
spective types. This significantly reduces query depth and
improves readability while preserving the underlying se-
mantic structure. Figure 1 illustrates the resulting schema
structure and highlights the similarities and differences be-
tween BOT, IFC, and the proposed GraphQL API. Despite
substantial simplification, the high-level organization re-
mains closely aligned with IFC’s spatial concepts. The
most notable deviation is the elimination of intermediary
relationship entities, which are replaced by direct associa-
tions exposed at the API level.
To support spatial reasoning and topological queries,
the API additionally exposes explicit relationship fields
between zones, including partOf, intersects, and
adjacent. These relations follow the conventions estab-
lished by BOT and enable expressive spatial queries with-
out requiring clients to traverse low-level relational con-

structs. Building elements such as walls, windows, and
slabs are represented using a generic BuildingElement
type instead of directly mirroring the deep inheritance hi-
erarchy of IFC. The concrete IFC subtype is preserved
as a field on the BuildingElement type. This design
trades explicit schema-level inheritance for a flatter and
more compact API structure while trying to maintaining
access to semantic type information. Element-level con-
tainment is supported through the contains and partOf
fields, enabling the representation of nested component re-
lationships, such as windows hosted within walls. In addi-
tion, building elements can be attached to any of the Zone
subclasses (Building, Storey, Space), following the flexi-
ble attachment model defined in BOT. This differs from
typical IFC usage patterns, where most building elements
are associated with IfcBuildingStorey and furnishing
elements with IfcSpace. Listing 1 shows an excerpt of
the corresponding GraphQL schema definition.
Not all semantically rich IFC structures are directly ex-
posed in the compact core schema. More complex con-
cepts, such as material assignments or links to external
classification systems, can instead be resolved dynamically
through dedicated resolver functions. In this way, the sim-
plified API surface remains stable, while the server can
still retrieve and integrate richer information from IFC re-
lationships or from additional backend systems when re-
quired.

Flattened Property Access
A direct 1:1 mapping of the IFC property hierarchy re-
sults in verbose queries that require traversing multi-
ple intermediate entities such as IfcPropertySet and



interface Zone {
id: ID!
name: String
geometry: Geometry
contains: [Zone]
elements: [BuildingElement]
partOf:[Zone]
intersects: [Zone]
adjacent: [Zone]

}

type Building implements Zone{...}

type Storey implements Zone{...}

type Space implements Zone{...}

Listing 1: GraphQL schema excerpt for spatial structure and
zone hierarchy

IfcPropertySingleValue. While this level of detail is
valuable for authoring and editing workflows, it provides
limited benefit for most read-oriented client applications
and significantly reduces query readability.
To address this issue, the proposed API collapses objecti-
fied property relationships and exposes properties directly
as a field of the BuildingElement type.
In IFC, properties are additionally organized into property
sets (psets), which provide semantic grouping and contex-
tual meaning. Preserving this information while maintain-
ing a flattened access pattern can be achieved in two ways.
The first approach is to explicitly model property sets as
separate entities attached to each building element, each
containing a collection of properties. The second approach
is to associate a pset attribute directly with each property,
thereby retaining grouping information without introduc-
ing an additional layer of nesting.
Both approaches preserve the original semantics, however,
they differ in terms of query ergonomics rather than ex-
pressive power. Since typical client queries focus on re-
trieving individual properties rather than entire property
sets, the second approach is adopted. This design min-
imizes structural overhead while still allowing semantic
grouping information to be accessed when required.
Listing 2 shows that the association between properties
and property sets is preserved in two complementary ways.
First, the pset field can be explicitly requested as part of
the Property object. Second, the properties field of
the BuildingElement type supports filtering by property
set name, enabling selective retrieval of properties belong-
ing to a specific pset.

Atomic Geometry Representation
Geometry is one of the most relevant information cate-
gories in building models. It also represents one of the
most complex aspects of the IFC data structure. A di-

type BuildingElement{
geometry: Geometry
guid: ID!
name: String
contains: [BuildingElement]
partOf: [BuildingElement]
properties(pset: String): [Property]

}

type Property {
name: String
value: JSON
pset: String

}

Listing 2: GraphQL schema excerpt for building elements

rect 1:1 mapping of IFC geometry entities into GraphQL
needs to represent highly verbose and heterogeneous ge-
ometry representations, including boundary representa-
tions (BREP), swept solids, meshes, constructive solid ge-
ometry (CSG), and parametric extrusions. As a result,
client applications either need prior knowledge of the un-
derlying modeling paradigm or need to request multiple
alternative representations simultaneously, in order to for-
mulate valid queries.
This limitation conflicts with the declarative nature of
GraphQL, where clients explicitly specify the expected re-
sponse structure. Since the geometric representation type
of an element is not known in advance, a fine-grained
schema-level exposure of IFC geometry significantly in-
creases query complexity.
To address this issue, geometry is treated as an atomic
attribute within the API design. In this context, atomic
means that the client accesses the geometry as a single leaf
node rather than traversing the internal construction logic
of the IFC model. Instead of exposing the internal struc-
ture, the complete geometry of an element is abstracted be-
hind a single geometry field and can therefore be returned
as a single unit in the GraphQL response. This design re-
moves the need for the client to know in advance whether
the underlying IFC geometry was modeled as BREP, ex-
trusion, CSG, or another representation type.
This abstraction is intentionally lossy. Part of the expres-
sive power of the original IFC representation is no longer
directly available once geometry is exported into a down-
stream exchange format or otherwise reduced to an atomic
resource. In particular, procedural and parametric geom-
etry definitions are typically not preserved when export-
ing to commonly used geometry exchange formats, which
limits the ability to reconstruct design intent or perform
fine-grained semantic reasoning on geometric constructs.
The same tradeoff applies more generally throughout the
proposed schema design: direct access to the full internal
IFC graph is reduced in favor of improved query readabil-
ity and simpler client-side interaction.



"guid": "0Czv28JAHuep4",
"geometry": {

"external": {
"uri": "https://.../0Czv28JAHuep4.obj",
"extension": "obj"

},
"embedded": {

"payload": "
v 1.22342604 2.82471817 0.00000000
v 1.22342604 2.82471817 3.00000000
v 0.54726129 0.30123695 3.00000000
...
",
"encoding": "none",
"extension": "obj"

}
}

Listing 3: Response snippet with both external and embedded
geometry

Geometry Transfer Strategies

The API supports two complementary strategies for trans-
ferring geometric data, depending on performance require-
ments and application context.
External Geometry: In this approach, geometry is stored
in an external resource such as a file server or object stor-
age system. The corresponding resolver returns a URI ref-
erencing the geometry file. This strategy enables efficient
handling of large datasets, supports streaming and caching,
and avoids inflating GraphQL response payloads.

Embedded Geometry: Alternatively, geometry can be
embedded directly into the GraphQL response. Since
GraphQL responses are (typically) encoded as JSON, the
geometric representation must be serializable into a com-
patible format. This can be achieved in two ways:

• Text-based geometry formats, such as OBJ or WKT
can be embedded directly as strings.

• Binary geometry formats can be encoded as a string
(for example using Base64-encoding) and transmit-
ted together with metadata describing the format and
encoding method.

While Base64 encoding increases payload size and re-
quires decoding on the client side, it enables the transfer
of arbitrary geometry formats in a self-contained manner.
For this reason, both embedded and externally referenced
geometry representations are supported by the prototype
API.
To demonstrate the flexibility of this abstraction, the proto-
type implementation supports multiple geometry formats,
including OBJ, GLTF, GLB, WKT, BREP, and STL. The
schema itself remains agnostic to specific formats and can
be extended without modifying the core API definition.
Each client application has full control over the format of

the returned geometry and can choose between one of the
supported formats. Listing 3 shows a response object, con-
taining geometry in the OBJ format both as external and
embedded representation.

Modular Schema Design
A central design principle adopted from the Linked Build-
ing Data community is to keep the core schema compact
while enabling domain-specific extensions. This sepa-
ration allows the API to remain lightweight and stable,
while still supporting specialized application requirements
such as energy analysis, cost estimation, or environmen-
tal assessment. GraphQL natively supports this paradigm,
as types and fields can be extended without introducing
breaking changes or requiring explicit API versioning.
Unlike REST-based interfaces, where modifications to
response payloads often require version management to
avoid disrupting existing clients, GraphQL enables clients
to explicitly define the requested response structure.
Newly added fields therefore remain invisible to existing
client applications unless they are explicitly queried. This
property enables incremental schema evolution while pre-
serving backward compatibility.
Beyond the static core schema, the proposed implementa-
tion introduces a modular extension mechanism that dy-
namically loads schema fragments together with their as-
sociated resolver functions. Each extension contributes
additional fields and data sources without modifying the
base API definition. Resolver functions establish the con-
nection between these abstract schema fields and concrete
backend services and are executed only when the corre-
sponding fields are requested by the client.
To demonstrate this mechanism, an example extension was
implemented that augments the BuildingElement type
with a dataSheetURL attribute. This field establishes a
link between a building element and an external product
data sheet, when such information is available. The ref-
erenced data is not part of the base API schema and is
typically not contained in IFC models, yet it is highly rel-
evant for many downstream workflows such as specifica-
tion, procurement, and facility management.
Listing 4 illustrates the schema snippet required to extend
the core API. In addition to the schema extension, a cor-
responding resolver function is provided that dynamically
searches for and retrieves a matching product data sheet
URL when the field is requested by a client. The same
mechanism can also be used to exposemore complex infor-
mation that is not represented as a simple core field, such as
material associations or external classification data. This
example demonstrates how heterogeneous external infor-
mation sources can be integrated transparently into theAPI
without modifying the underlying core data model.

Evaluation and Discussion
This section presents a qualitative evaluation of the pro-
posed API design with respect to query expressiveness,
modular extensibility, and practical limitations. Rather



extend type BuildingElement {
dataSheetURL: String

}

Listing 4: GraphQL schema extension for linking external
product data sheets

than benchmarking response times or comparing imple-
mentation performance, the evaluation focuses on the us-
ability of the schema through representative query scenar-
ios and the prototypical API implementation. The selected
examples were chosen to cover two central requirements
of purpose-driven BIM data access: retrieving connected
information across multiple relationship levels and inte-
grating external information without modifying the core
schema.

Query Example 1: Connected Data Retrieval
Many BIM workflows require access not only to individ-
ual elements but also to related entities connected through
spatial, containment, or topological relationships. Typical
examples include retrieving all components of a storey to-
gether with their subcomponents, or navigating from struc-
tural elements to embedded openings or installations. In
conventional REST-based APIs, such workflows would re-
quire multiple sequential requests and additional client-
side aggregation logic. The proposed GraphQL API en-
ables retrieval of connected information across multiple
relationship levels within a single query. Figure 2 illus-
trates this capability by querying all load-bearing walls
of a given storey and the windows contained within each
wall. The query traverses the spatial hierarchy and con-
tainment relations and explicitly specifies the required re-
sponse structure, in this case guid and name for each wall
and geometry for each window. This example was selected
because it combines several of the central design goals
of the proposed schema: element-level filtering, traver-
sal across hierarchical and containment relationships, and
access to geometry as an atomic resource. It therefore
demonstrates how the API supports connected data re-
trieval in a compact and application-oriented way. This
example also showcases the integration of geometry in the
form of a reference to an external resource.

Query Example 2: Modular Data Enrichment via
Schema Extensions
Many analysis and decision-support workflows require in-
formation that is not natively contained in IFC models,
such as environmental indicators, cost metrics, or product-
specific metadata. As described previously, the proposed
API addresses this challenge through a modular extension
mechanism that allows additional fields to be introduced.
Figure 3 shows the result containing information from the
IFC model alongside additional information in the form
of the reference to an external data sheet related to the el-
ement. This example was chosen to evaluate extensibil-

Figure 2: Requesting related elements with filtering

ity rather than traversal complexity. It demonstrates that
the API can federate information from the core building
model together with external resources through resolver-
based schema extensions, without requiring changes to ex-
isting query structures or disruptive API versioning.
A key conceptual difference between the proposed
GraphQL interface and SPARQL-based access to build-
ing data lies in the interaction model and query abstrac-
tion level. SPARQL provides direct access to RDF graphs
and exposes the full underlying data model, which enables
complex pattern matching but requires detailed knowledge
of ontology structures. In contrast, the proposed API de-
liberately abstracts underlying data representations and ex-
poses a task-oriented schema that is tailored to common
BIM access patterns. The GraphQL interface encapsulates



Figure 3: Query containing external information

complex graph traversal logic within resolver implementa-
tions, shifting complexity from the client to the server. At
the same time, this abstraction comes at the cost of reduced
direct access to the full underlying graph structure.

Scope and Limitations
The proposed API intentionally departs from a strict 1:1
mapping of the IFC schema in favor of a simplified data
model. While this improves usability and query readabil-
ity, it also implies that not all IFC semantics and modeling
constructs are directly exposed at the API level.
The abstraction of geometry into atomic representations
introduces additional limitations. Mesh-based exchange
formats commonly used for visualization and data transfer,
such as OBJ or glTF, do not preserve the full semantic and
parametric structure of the original IFC geometry. Once
converted, it is no longer possible to determine whether
a shape was originally defined as BREP, CSG, or proce-
dural description. It could be explored if extracting the
geometry as a valid subset from the IFC model could be
an alternative to typical geometry exchange formats.
Furthermore, certain geometric constructs cannot be
represented exactly using mesh-based formats and require
approximation. While these representations are sufficient
for most visualization and downstream analysis tasks, they
may lead to information loss in workflows that depend on
higher-level modeling semantics. A detailed assessment
of these trade-offs is provided in Wagner et al. (2020).

Several aspects did not fit the scope of this work and should
be explored in future works.
First, the current implementation focuses on read-oriented
access patterns. Future development should include sup-
port for GraphQL mutations to enable write operations,
such as updating or creating (new) elements.
Second, the modular extension mechanism could be ex-
panded to cover additional domain-specific use cases, for

example quantity take-off, cost estimation, energy perfor-
mance indicators, scheduling information, and sensor data
integration.
Third, although the API design is resource-agnostic in
principle, the current prototype only resolves data from
IFC STEP files. Future work should extend the resolver
implementations to support alternative IFC representa-
tions, such as graph databases, as well as native Linked
Data representations.
Finally, this work does not address authentication, autho-
rization, and access control mechanisms. Incorporating
these aspects is essential for real-world deployment and
represents an important direction for future research.

Conclusion
This paper presented a GraphQL-based API design for
purpose-driven, fine-grained access to IFC building mod-
els. By moving away from a strict one-to-one mapping
of the EXPRESS schema and instead adopting a flattened,
modular interface inspired by Linked Building Data prin-
ciples, the proposed approach reduces query complexity
while supporting element-level, transactional access for
read-oriented AECO workflows.
The presented schema design addresses two central chal-
lenges of IFC-based web access: verbose geometry re-
trieval and deeply nested property hierarchies. Treating
geometry as an atomic, format-agnostic resource enables
flexible integration of external and embedded represen-
tations, while flattened property access improves usabil-
ity for common analysis and visualization workflows. In
addition, the modular extension mechanism demonstrates
how domain-specific information can be integrated dy-
namically without breaking existing clients or requiring
API versioning.
The qualitative evaluation illustrates how GraphQL en-
ables traversal of connected building information within a
single request and supports the integration of external in-
formation through schema extensions. At the same time,
the proposed design intentionally trades direct access to
the full internal IFC structure for improved query readabil-
ity and simpler client-side interaction. The resolver-based
architecture further decouples the API schema from un-
derlying data sources.
Overall, this work shows that GraphQL provides a prac-
tical and structurally explicit foundation for application-
oriented access to building information models.
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