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Abstract. In this paper, we introduce a conceptual integration that
maps the data product modeling language represented by the Industry
Foundation Classes (IFC) to the Construction Process Modeling Lan-
guage (CoPModL). The implementation is carried out on the ADOxx
meta-modeling platform, emphasizing the CoPModL behavioral con-
straints, which are a common challenge in Building Information Mod-
eling (BIM) environments. The applicability of our proposal is tested
using an official buildingSMART International dataset.
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1 Introduction

Construction projects involve multiple stakeholders, including owners, contrac-
tors, engineers, architects, and different institutions, who collaborate with each
other throughout the life-cycle of the project. As all of them work on the same
built asset, there is a strong need to structurally store and share the data be-
tween them regarding the building and the activities they are going to perform
on it. In addition, different stakeholders require a different level of detail of the
project’s components, which affects both the geometry [8] and the shared data
[33,6]. The level of complexity increases as different activities are performed on
several different items, potentially altering the state of those building elements.

Accordingly, this scenario requires the use of four-dimensional (4D) tools for
project stage management. The Building Information Modeling (BIM) method-
ology addresses this need by providing a set of functionalities, including planning,
scheduling, and three-dimensional (3D) simulations for the evaluation of con-
struction sequences. However, a structural gap remains between product mod-
eling, as represented by the Industry Foundation Classes (IFC), and declarative
process modeling languages applied in BIM workflows. The IFC schema provides
spatial containment hierarchies and structured representations of building com-
ponents, but does not formally specify execution constraints. Conversely, process
modeling languages symbolically represent abstract spatial structures but do not
natively leverage the rich structural semantics of IFC models.
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As a result, the definition of construction processes often remains discon-
nected from the detailed product information available in BIM models, limiting
the validation and reuse of execution constraints across project stages. The re-
search presented in this paper addresses this gap by proposing a metamodel
that aligns IFC-based product modeling with the Construction Process Model-
ing Language (CoPModL). The contribution is conceptual and methodological:
rather than transforming IFC into a full ontology or extending CoPModL with
geometric reasoning, we integrate both modeling paradigms at the metamodel
level. This enables detailed constraint-aware modeling of construction processes
based on IFC semantics without requiring external ontology-based reasoning or
intermediate IFC conversions.

We implement this approach within the ADOxx metamodeling platform [13],
thereby enabling the initial definition of a domain-specific modeling language
(DSML) that integrates structural (product) and behavioral (process) elements
within a coherent modeling framework. This decision is supported by the lack of
IFC-based frameworks for metamodeling implementations, followed by the need
to include constraints on order, precedence, and scoped execution.

The remainder of the paper is structured as follows. Section 2 presents the
foundations and related work, covering IFC, construction process modeling, and
modeling languages. Section 3 describes language design and implementation,
including requirements, metamodel definition, and implementation details. Sec-
tion 4 presents a case study, enabling a consistency analysis of our approach in
the context of a real BIM project. Section 5 discusses implications and limita-
tions, and Section 6 concludes with future research directions.

2 Foundations and Related Work

This section presents the conceptual foundations and related work underlying our
research. It first introduces the metamodeling perspective adopted in this study,
based on the modeling method framework described by [18,13]. The method
provides a general basis for the design of domain-specific modeling languages
(DSML) across different disciplines, which we apply to the Architecture, Engi-
neering, and Construction (AEC) industry. Then, it provides an analysis of the
construction processes, which are characterized by heterogeneous practices and
only partially standardized management approaches. Due to the complexity of
the field, the section discusses existing approaches to construction processes and
examines the EXPRESS modeling language and IFC schema as the formal basis
for representing product-related building information. Together, these aspects
define the theoretical context for the metamodel proposed in this paper.

2.1 Construction Processes

Construction projects are inherently process-oriented systems characterized by
temporal dependencies and spatial constraints. Unlike manufacturing, where pro-
cesses are often repetitive and structured, construction processes are site-specific,
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and technical requirements make them highly dependent on the context. Mod-
eling such processes requires not only temporal ordering but also consideration
of spatial scope and multi-instance execution. The BIM methodology has signif-
icantly advanced these technical aspects by transforming the representation and
management of information during the project’s lifecycle.

This way, a conventional project division includes two interconnected phases:
the delivery and operational phase. Delivery includes steps such as design (con-
ceptual first, and detailed after), documentation, and construction. Finally, the
operational phase includes processes such as operation and maintenance, and
facility management. In response to this degree of specialization at each stage,
and to enhance interoperability, buildingSmart International (bSI)! develops and
establishes standards for application within the BIM framework.

Classical construction process planning is largely based on network schedul-
ing techniques such as Gantt charts, the Critical Path Method (CPM), and the
Program Evaluation and Review Technique (PERT) [19]. Some of these meth-
ods, already tested in BIM frameworks [35,16], represent activities as nodes or
edges in directed acyclic graphs and compute earliest and latest start times
under precedence constraints. Although effective for time optimization, these
techniques focus on deterministic scheduling rather than on semantic modeling
of process coordination. Implementing it, we assume that precedence relations
are explicitly enumerated and globally applicable.

However, construction processes often involve scoped dependencies, such as
precedence relations restricted to a building level, zone, or sector. In this re-
gard, traditional scheduling frameworks provide limited formal support for the
expression of such context-sensitive constraints.

2.2 Construction Modeling Languages

In the field of construction, modeling languages are often discussed in terms
of product modeling, process modeling, and DSML. In the context of process
modeling, expressive formalisms have been adopted, including Petri Nets [25]
and Business Process Model and Notation (BPMN) [27]. These general-purpose
modeling languages are used to represent the construction process by explicitly
enumerating the allowed control-flow paths.

Although these approaches support concurrency and synchronization, they
suffer from scalability and complexity when modeling multi-instance construc-
tion processes distributed across spatial partitions [4]. For example, authors in
[15] propose an agent-based simulation approach based on Petri Nets that de-
rives simulation structures from BIM inputs. However, their work focuses on
simulation-driven schedule analysis rather than on the definition of a modeling
language or the integration of construction process models with the IFC data
structure.

In construction contexts, where the same activity may recur across multiple
locations, this approach can lead to large, rigid process models that lose the

! https://www.buildingsmart.org/
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nuances of the AEC industry’s needs. In response, declarative process modeling
has emerged as an alternative paradigm, particularly in the process mining com-
munity. The Declare framework [30] models processes as sets of constraints over
possible execution traces rather than as explicit control-flow graphs.

Constraints are typically formalized using Linear Temporal Logic (LTL), en-
abling reasoning about admissible traces and model consistency. The theoretical
foundation of declarative modeling is grounded in temporal logic and trace se-
mantics [7], which enables reasoning about the consistency, satisfiability, and
redundancy of constraints.

2.3 EXPRESS and IFC

The BIM methodology combines multiple standards and tools to support the
exchange of geometric information and its associated metadata. The EXPRESS
modeling language [32] is used inside the BIM ecosystem, and its rich syntac-
tic constructs are validated as an International Organization for Standardiza-
tion (ISO) normative [17]. EXPRESS is used to formalize IFC, enabling the
structured and exchangeable representation of classes such as building elements
(IfeWall), relationships (IfcRelAggregates), and a set of general and customized
properties [31,9]. Although IFC effectively supports product-oriented informa-
tion modeling and process entities (e.g., IfcTask), its core focus lies in the struc-
tural and semantic description of built assets rather than in the formalization
of process coordination. Furthermore, IFC does not provide a unified formal
framework for explicitly modeling temporal dependencies and complex declara-
tive constraints across multiple entities.

Up to the IFC 4.3.2 specification, the design does not include either seman-
tic reasoning or the inference of new relationships. Instead, it represents only
explicit data, so any higher-level semantic meaning must be derived through
external processing of the model structure. This is one of the main reasons why
ontological approaches are added on top of IFC to improve interoperability at
different stages [2,29,26]. In this context, the development of IFC 5 represents a
significant shift from previous versions by introducing a modular, JSON-based,
and component-oriented architecture intended to improve interoperability and
scalability?. Unlike IFC 4, which relied on the rigid EXPRESS/STEP schema,
IFC 5 adopts USD-inspired layering and modularization, making it closer to
ontology-driven models while supporting broader domains such as geographic
information systems and the integration of other 3D objects, such as point clouds
[3]-

So far, the maturation process of IFC has been covered in the scientific lit-
erature. The IFC architecture, the changes through different versions, and dis-
cussions about other standards are deeply analyzed in different works [1,21,20].
Other research lines consist of wider ontological approaches regarding standards,
as discussed in [5]. Although recent contributions have focused on improving

2 https://github.com /buildingSMART /TFC5-development
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interoperability between BIM-related modeling formalisms through transforma-
tion infrastructures [34], limited attention has been paid to the development of
modeling languages that explicitly integrate product structures with declarative
construction process constraints.

In other cases, this challenge is addressed by designing a DSML. CoPModL
[22,23] represents a significant step in this direction. Designed for the construc-
tion process modeling, it separates a configuration layer (defining item struc-
tures, attributes, and perspectives) and a flow layer (defining tasks and declara-
tive dependencies). Dependencies in CoPModL are defined with formal semantics
grounded in LTL over finite traces, allowing satisfiability checking of construc-
tion coordination models. However, CoPModL abstracts spatial structure sym-
bolically and does not directly exploit the rich containment hierarchy provided
by IFC models.

The reviewed literature reveals that different gaps remain unsolved. In par-
ticular, IFC provides limited support for formal process semantics, while tra-
ditional scheduling offers strong capabilities but lacks semantic expressiveness.
Additionally, imperative workflows also offer limited flexibility, and declarative
process modeling still relies on abstract spatial structures. Consequently, a uni-
fied approach that integrates IFC’s structured spatial hierarchy with declarative
process constraints remains underexplored. This work addresses this gap at the
metamodel level.

3 Language Design and Implementation

Our study first analyzes the EXPRESS modeling language and the IFC schema
by regarding its construction within the four-layered metamodeling hierarchy [18],
represented in Figure 1. Specifically, the meta-metalevel (L3) is defined at the
most abstract layer. Within this level, the EXPRESS metamodel defines the ab-
stract syntax that the EXPRESS modeling language uses [28], which is formally
specified in ISO 10303-11 [17]. EXPRESS describes the syntax, i.e., entities,
types, attributes, etc., used at the metamodel level (L2). At this stage, the IFC
Schema, written in EXPRESS, defines classes, relationships, and logical seman-
tics used in BIM. Below that, we can mention the Model layer (L1) and the
IFC instance file, in which we interact with the “BIM model”. An IFC project
contains specific building elements, relationships, and property values, among a
long list of associated metadata.

In the lower part, we represent the real item (L0). At this level of the hierar-
chy, we refer to the building in which the intervention will be executed. Still, it
can also abstractly represent the future building that will be constructed, in case
we are describing steps in the design stage. Given that IFC represents processes
but lacks a formal verification, we map processes, extending CoPModL to address
the formal temporal-logic semantics and logical satisfiability. To achieve this, we
analyze the two components of the process model included in CoPModL, i.e.,
configuration and flow. Our interpretation of CoPModL must support spatially
grounded execution constraints while remaining conceptually aligned with the
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Fig. 1: Metamodeling tree based on the IFC 4X3 ADD2 Schema, including used
formats in each level under the EXPRESS modeling language.

hierarchy of IFC at the meta-model level. Due to the size of the IFC schema and
the nature of the implementation, we focus on the process extension, considering
other extensions included in the core layer?.

To guide the design and conceptualization of the language, we follow the
macro process by Frank [14], comprised of seven cyclic phases:

. Clarification of scope and purpose: Whilst CoPModL allows the modeling of
construction processes, it does not regard IFC hierarchies. Conversely, IFC
contains a rich set of concepts to describe a construction project’s spatial
characteristics but lacks declarative process modeling capabilities. Our ap-
proach adapts CoPModL and integrates its process concepts with spatial
product configurations expressed with the IFC schema.

Analysis of generic requirements: We adopt the catalog of generic require-
ments by Frank [14], applicable to all DSML, but with shifted weighting.
These requirements are aligned with our purposes in Section 3.1.

Analysis of specific requirements: These requirements relate to the developed
modeling language in particular. We will outline these in Section 3.1.
Language specification: The metamodel, presented in the Unified Modeling
Language (UML), will be described in Section 3.2.

Design and documentation of graphical notation: Construction process mod-
els use a graphical notation akin to CoPModL, while spatial IFC hierarchy
configurations resemble UML class diagrams. The notation will be presented
along with the case study in Section 4.

3 The official IFC documentation is accessible through the following link: https://ifc43-
docs.standards.buildingsmart.org/IFC/RELEASE /IFC4x3/HTML/chapter-5/
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6. Development of modeling tool: The language was implemented in the ADOxx
metamodeling platform. Section 3.3 will detail the implementation.

7. Evaluation and refinement: The macro process proposes continuous refine-
ments, e.g., based on modeling scenario evaluation. In Section 4, we use
such a scenario, a case study informed by the bSI dataset, to demonstrate
the applicability of the language.

3.1 Requirements

The generic requirements are based on the catalog listed in [14] but consolidated
and reformulated to fit the goals of this research. This led to four generic re-
quirements (GR;_4): Language concepts are recognizable and understandable
to actors in the AEC sector (GR;). Discrete concepts corresponding to spatial
or behavioral concerns are distinguishable and invariant in their use (GRy).
The conceptualization enables the modeling of a rich range of construction pro-
cesses and spatial hierarchies, containing the relevant information for use in the
AEC sector (GRg3). The language must offer levels of abstraction to prevent
overloading models. In particular, the language must segregate structural and
process-related concepts (GRy).

In addition to these generic requirements, a set of specific requirements was
collected and refined through the course of the development process. At this
stage, this has yielded four specific requirements (SR1_4): CoPModL concepts
are mapped to equivalent or conceptually similar IFC classes, whenever possi-
ble. Table 1 shows these mappings (SR;). The language includes concepts for
modeling structural aspects, the spatial configuration of the site’s construction
processes that operate on. This is represented with IFC product hierarchies,
replacing the configuration layer of CoPModL (SRg). The language includes
concepts for describing processes that remain in adherence with the flows of
CoPModL, including the description of dependencies between task items (SR3).
Models may be subjected to diverse processing algorithms, analyzing processes,
and product hierarchies to produce new insights (SRy).

3.2 Metamodel

In this section, we define the modeling language as a product of the mapping pro-
cess. The proposed language integrates the spatial hierarchy of the IFC metadata
schema with declarative behavioral constructs inspired by CoPModL. Table 1
illustrates this integration and the differences. The authors of CoPModL have
implemented the language in two parts: configuration and flow. In the configura-
tion part, the spatial configuration of the construction project is described using
declarative constructs at various levels of abstraction (ranging from Sector to
Item). The spatial configuration is utilized in the flow part, where it is referenced
to specify the location and scope of tasks to be performed. With this approach,
logically coherent dependencies between tasks can be modeled. However, the
data model of configurations is non-standard, and the contained constructs are
non-instantiable.
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CoPModL This work Description (adapted)
. IFC Product

Configuration Hierarchy

n/a IfcSite Area of land on which the project construction is
to be completed.

Sector IfcBuilding Structure that provides shelter for its occupants.

Level IfcBuildingStorey Horizontal aggregation of spaces that are vertically
bound.

Section IfcSpace Area or volume with a certain function, bounded
actually or theoretically.

Unit IfcLabel Enumeration of items, sequential

Item IfcBuiltElement Components of the construction.

n/a IfcRelAggregates” Composition of spatial elements.

n/a IfcRelQorltalned— r Assignment of elements to a certain level of the

InSpatialStructure N .

spatial project structure.

Flow Flow

Task IfcTask Unit of work to be carried out in a construction
project.

Precedence” Precedence” Task 1 must be executed before Task 2 on instances

at the same scope.

" Alternate Precedence” Task 1 precedes Task 2, and once Task 2 is started

on an instance, Task 1 cannot progress on an in-
stance at a different scope until Task 2 is finished.

Chain Precedence” Chain Precedence” Task 1 precedes Task 2, and their executions can-
not be interrupted by other tasks on the instances
at the same scope.

Alternate Precedence

Execute” Execution” Definition of a specific ordering of executing tasks,
fixing the path of execution.

Ordering Constraint® Ordering Constraint®” Order of work on spatial elements specified by a
spatial constraint on task locations.

Exclusive Constraint® Exclusive Constraint®” Constraint on the parallel execution of tasks on
spatial elements. Specified by referring to a level
of the linked product hierarchy.

Scope?® Scope®” The scope of a precedence dependency is defined
by the spatial structures for which precedence be-
tween tasks must hold.

r: relation, a: attribute, *: adapted definition and value range

Table 1: Overview of modeling language concepts and the mapping of CoPModL
concepts to IFC classes.

In this work, we adopt the general two-part structure of CoPModL (GR4),
but align each part with the IFC schema. In particular, the metamodel depicts
construction processes closely resembling the original flows in CoPModL, while
aligning or replacing language constructs with IFC, when a conceptually similar
concept exists in the schema (SRy 3). The configuration part of CoPModL has
largely been replaced by the IFC product hierarchy (SRs).

In Figure 2, this two-part metamodel is represented in UML. The lower part
of the metamodel describes processes, consisting of one class and four relations.
It aims to model behavioral aspects of the construction process. While most at-
tributes of IfcTask are intuitive, the attribute Locations can refer to any number
of instantiable IfcProduct classes, implying the prescribed process is to be im-
plemented in these items. In our proposal, the relation classes Precedence, Chain
Precedence, and Alternate Precedence from IfcTask A to IfcTask B constrain
that Task B follows Task A, Task B strictly follows Task A, and finally, Task B



Towards an IFC-based Construction Process Modeling Language 9

follows Task A while both the tasks operate in different scopes. This is commonly
represented, in a more general way, with the sequencing relation IfcRelSequence,
linking RelatingProcess (predecessor) and RelatedProcess (successor). How-
ever, we are not mapping this class in the current implementation.

Additionally, the scope expresses the granularity of these precedence depen-
dencies and is specified with classes from the spatial element hierarchy. Because
there may be multiple paths of process execution, the modeler can explicitly
plan or record a specific path using the relation Ezecution. Constraints on tasks
allow expressing details on how a task is executed on structural elements and
referenced locations.

Although based on CoPModL, the constraints have been aligned with the
product hierarchy. Consequently, the granularity of constraints is not equivalent.
An Ezclusive Constraint expresses that spatial elements are exclusive to the task
for its duration. The exclusive elements are specified by referring to a level of the
spatial element hierarchy. The Ordering Constraint expresses a required order of
products (spatial and built elements) according to spatial characteristics (vertical
or horizontal ordering), for task execution.

The classes constituting an IFC product hierarchy are primarily divided into
IfcStructuralElements and IfcBuildingFElements; all available under the parent
abstract class IfcProduct. All class names are intentionally canonical to enable
interoperability across BIM projects. The data is modeled hierarchically across
multiple classes like IfcSite, IfcBuilding, IfcWall, etc., to preserve the inherited
features. The relationship classes IfcRelAggregates and IfcRelContainedInSpa-
tialStructure further delineate this organization.

3.3 Implementation

Analogous to many existing visual modeling languages, we implement our variant
using the ADOxx metamodeling platform [13]. The implementation of the entire
language is segregated into two model-types, Flow, for modeling the construction
process, and the IFC Product Hierarchy for modeling the spatial configuration.
In ADOxx, model-types group instantiable elements and relations. Through a
special attribute type, elements may establish references across models. These
references are constrained by the target’s class and model type. To interlink
pairs of Flow and IFC Product Hierarchy models, we create a record class called
IfeProductRef which points to all the instantiable elements of IfcProduct class.

While maintaining the hierarchical structure, the classes IfcSite, IfcBuild-
ing, IfcBuildingStorey, and IfcSpace, as well as subclasses of IfcBuiltElement,
are defined under their respective abstract classes in root class D _Construct.
Although attribute Name is given to all the classes by default by ADOxx, the
attribute IfcGloballyUniqueld is inherited by all the children of IfcProduct. In
ADOxx, relations with graphical representation can be realized with specialized
relation classes. Such relationship classes were implemented for the IF'C' Product
Hierarchy-specific relations, namely IfcRelAggregates and IfcRelContainedInSpa-
tialStructure.
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IFC product hierarchy (spatial configuration) |
«relation» > «class»
IfcRelAggregates IfcProduct
Name : string...
to-part 0.1 * * 9
1 from-aggregate 4&
1 1 from-s.element to-b.element
«class» \L |0..1 1 «class»
IfcSpatialElement <relation» IfcBuiltElement
A IfcRelContinedInSpatialStructure A
«class»
' | IfcWall
«class»
lfeS «element»
cSite
IfcSpace «class»
1 * — IfcColumn
1
«class» 1 «class» «class»
+ _— 1=
IfcBuilding ¢ IfcBuildingStorey * Ifc...
Toperates on
Flow (process specification)
«class» «relation» «relation»
IfcTask Task Flow Execution
+ Name : string *
+ Workers : integer *
+ Ordering contraint : from-task «relation»
Ordering Constraint 1 TTOmTash Precedence
+ Exclusive constraint : ;
Exclusive Constraint + Scope : Scope
+ Locations : IfcProduct[]
+ Actor : IfcActor
+ Duration : integer...
«relation» «relation»
Alternate Precedence Chain Precedence
«enumeration» «enumeration» «enumeration»
Exclusive Ordering Scope
Constraint Constraint
+ None
+ None + None + IfcSite
+ IfcBuilding + < (bottom-up) + IfcBuilding
+ IfcBuildingStorey + > (top-down) + IfcBuildingStorey
+ IfcSpace + . + lfcSpace

Fig.2: Metamodel of the CoPModL adaptation integrating IFC. For brevity,
some class attributes are omitted. The product hierarchy is an abstraction of the
IFC product extension (included in the core layer of IFC), removing unneeded
classes, attributes, and relations. The logical product hierarchy is denoted ex-
plicitly as compositions.

Consistent with the elements of configuration, the IfcTask class is also defined
under the same D _Construct root class. Also, the relation classes Precedence,
Alternate Precedence, Chain Precedence, and Execution are defined to connect
IfcTask classes. The attributes Scope, IfcActor, Ordering Constraint, Exclusive
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Constraint are implemented using an enumeration data type. All visual represen-
tations are produced using the GraphRep language [13], and most are dynamic
to accommodate the variable number of locations (or buildings, building storeys,
spaces, depending on the context) to be referenced.

4 Case Study

In this section, we apply our approach to a sample IFC test file provided by
bSI*. These kinds of files are typically used by bSI for software certification
purposes, as they include spatial decomposition and other critical aspects of
a BIM project. The chosen IFC file provides a good example for testing our
spatial constraints and scopes derived from CoPModL in combination with TFC
semantics. Specifically, the project contains a single-storey residential house,
partially modeled. Based on an inspection of the model, a suitable intervention
scenario was identified, namely the construction of the missing outer north wall
and a column attached to it. The new wall defines the physical border of the
living room area.

Figure 3 presents the BIM project, with its geometric representation and
associated metadata, visualized using the BIMVision platform®. The original
metadata has been extended to accommodate our test. This includes renaming
some objects and properties, including new ones, and defining a small number
of interventions using the IfcTask class. The representation and organization of
this information may vary across different software; therefore, environments with
native IFC support are preferable for preserving the structure and semantics of
the data. Additionally, general property sets have been added to specify typology
and the material used in the new building element, as well as the construction
status, highlighted in red.

The state of the BIM project obtained after the performed changes is consid-
ered the starting point for testing the usefulness of our research. In this regard,
the designed metamodel is used to create both a configuration and a flow model
of the single-family house project. Figure 4 shows the configuration part im-
plemented in the ADOxx platform, which partially aligns with the hierarchical
spatial elements of the IFC metadata schema. The objects represented are prop-
erly included as subtypes of the abstract class IfcSpatialStructuralElement.

Moreover, the model incorporates a subset IfcBuiltElement instances, includ-
ing IfcWall, IfcColumn, and IfcSlab, with the latter restricted to the FLOOR
and ROOF enumeration types. Regarding the relationship classes, IfcRelCon-
tainedInSpatialStructure is used to represent those building elements contained
in the IfcBuildingStorey, which at the same time has two different IfcSpace aggre-
gated using the IfcRelAggregates class. Those relationships are also specified in
the legend in the upper-right corner. The adopted symbology is consistent with
the overall mapping methodology, employing clearly defined arrows to illustrate
the distribution of IFC entities across the IFC schema.

4 https://github.com/buildingSMART/Sample-Test-Files /tree/main
® https://bimvision.eu/
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& Active Type Name \
- Project Silly sample scene
- Site Fribourg (Switzerland)
- Site House - site
= Building Single-family house
~! Building Storey 00 groundfloor

+ Building Storey
! Building Element Proxies

< ) e (< e ) ) ) o] 1|

+ Slabs
+ Central heating
~I Spaces
+ Space Living room
- Space Entry hall
IfcSpaceType House - entry hall
vl “Roofs
[l +I IfcSpatialZone House - gross volume
7] ~I Roofs
v I Roofs Sand bedding
O + Building Element Proxies
~l + Columns
Properties Location Classification Relations
5 Name Value
- Element Specific
Description This is just a test
Guid 1jplQ8SwjBIUIBIofVSWap
IfcEntity Ifcwall
Name Outer Wall - North
Predefined Type NOTDEFINED
- EPset_Status
Status NEW
- Pset_ConcreteElementGeneral
AssemblyPlace SITE
CastingMethod NOTKNOWN

]

—

Fig. 3: The extended BIM project from bSI samples. The 3D model is shown on
the left, while the enriched metadata is displayed on the right, with the project’s
hierarchy at the top and properties at the bottom.

The limited use of relationship classes is motivated by the implementation-
oriented nature of the approach, which primarily focuses on the flow (process
specification) part. Building on this structural mapping, Figure 5 presents the
flow part of the project, in which a 4D approach is described for the intervention
in a specific part of the building. A list of planned interventions is modeled using
the extended version of CoPModL proposed in this research. More specifically,
the flow model represents an intervention scoped in the IfcSpace "Living Room".
Inside it, the IfcWall "Outer Wall - North" is constructed. This kind of inter-
vention requires the participation of different actors, and the execution order is
also crucial.

The example, following real-scenario requirements, consists of the Scaffolding
Installation (SI) with the "Scaffolder" actor role, followed by Pouring Concrete
(PC) using the alternate precedence dependency. The process continues with
different tasks, constraints, and scopes until the IfcTask Wall Finishing (WF)
is completed. The item where each intervention will be performed is specified
in the last row of each task, corresponding to the parameter Locations in the
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Fig. 4: Implementation in ADOxx of the configuration part with mapped IFC
entities.

original CoPModL, and is assigned in IFC using the IfcRelAssignsToProcess
class. In certain cases, relations are modeled without an explicit scope, which is
represented in the figure with the value "None".

The rest of the dependencies are specified on the top right legend, and the
used attributes on the bottom left, respectively. The implementation materials
include the original IFC project provided by bSI, our customized version, and
the ADOxx library developed during this research. Those materials, along with
supplementary explanations, are available through a public GitHub repository®.

5 Discussion

This research presents the results of implementing a metamodeling approach
using the BIM methodology. The standardization of data structure remains in-
complete in the construction field, while new IFC versions are gradually resolving
various technical issues. In this context, we aimed to enhance the interoperability
of CoPModL by incorporating IFC data products during process modeling. Still,
the IfcProduct class mapping process requires a deeper extension to ensure such
interoperability. This indicates that, although the proposed extension improves
semantic alignment, additional refinement of the product mapping mechanism
is necessary before broader practical adoption can be expected.

IFC is constantly evolving due to the complexity of the AEC industry; how-
ever, the modeling of flow processes still requires special attention. In the context

5 https://github.com/jmc-96 /copmodl-ifc
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Fig. 5: Implementation of the flow part, with special focus on the IfcTask class.

of our research, the direct integration of ADOxx models with BIM environments
remains an important topic for the future. This challenge could be addressed
through an extension tool that connects the models to native IFC-based ecosys-
tems. Implementing such a construction process language on a metamodeling
platform, such as ADOxx, as opposed to developing a custom tool, provides nu-
merous benefits. Specifically, rapid prototyping capabilities support short design
and development iterations, while model processing algorithms can be imple-
mented comparatively easily (SR4). In the context of construction processes,
such analytical capabilities are crucial for addressing complex temporal and spa-
tial interdependencies, resource requirements, and stakeholder participation.

6 Conclusions and Outlook

In this paper, we presented a domain-specific modeling language for construc-
tion processes. The language is based on CoPModL, with significant changes in
the form of an alignment with IFC. To achieve this, spatial characteristics of a
construction project are modeled according to the IFC product hierarchy, form-
ing spatial hierarchies. Processes are modeled according to CoPModL, whose
behavioral concepts have been adjusted to operate on IFC spatial hierarchies.
The applicability of the languages has been demonstrated through a case study
based on a readily available IFC file used for software testing and certification
by bSI.

A promising direction for future research is to integrate our extended IFC-
based CoPModL models into an advanced metamodeling environment, such as
the web-based MM-AR platform [24]. In the current formulation, CoPModL
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abstracts from the physical geometry and topological relations of the building
elements, assuming that the location structure is predefined. A systematic in-
tegration with IFC would enable the automatic derivation of the configuration
layer (item structures, attributes, perspectives) from the spatial decomposition
and classification mechanisms already present in BIM models (e.g., spatial con-
tainment). In this context, it will be worthwhile to also explore the use of Al
approaches for creating, analyzing, and transforming models [12,11,10].

Beyond vocabulary alignment, the incorporation of geometric and topologi-
cal information would open up the possibility of extending process constraints
with spatially informed semantics. For example, precedence scopes could be dy-
namically derived from IFC spatial hierarchies, and exclusivity constraints could
consider geometric proximity rather than purely symbolic item identifiers. Im-
plementing this integration in a modeling ecosystem would allow the defini-
tion of a unified metamodel combining structural (IFC-based) and behavioral
(CoPModL-based) layers, enabling formal validation of construction process co-
ordination directly against real BIM projects. Such an approach could support
automated consistency checks between the planned execution logic and the ac-
tual building geometry, thereby bridging the gap between spatial modeling and
declarative process reasoning.
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