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Abstract— Building codes and standards are the rules and 

guidelines that specify the minimum acceptable level of safety 

for buildings. MvdXML Checker is a building code checker for 

the automatic verification of IFC models and to detect the non-

conformities with the associated 3D visualization. The 

verification approach is based on MvdXML rules to be used 

within the MvdXML Checker or IfcDoc tool developed by the 

buildingSMART International to improve the consistent and 

computer-interpretable definition of Model View Definitions. 

In this paper, we propose many extensions in the MvdXML 

Checker which are very useful for the verification of IFC 

models and discuss its implement as a web service. After these 

extensions, still we analyze that this traditional approach of 

verification by the use of MvdXML is very limited and has 

narrow scope for the verification of IFC models. Major 

limitations are identified such as restricted scope of applying 

conditions and constraints on several branches of an IFC 

model, poor geometric analysis of an IFC model, lack of 

mathematical calculations, support of only static verification of 

a model, etc. Therefore, finally we present a need of an 

approach based on Semantic Web technologies that can easily 

be extended, configured and deployed for the dynamic and 

changing environment having broad spectrum of 

functionalities for the Verification of IFC models.  

Keywords- Conformance of IFC models; Building Code; 

MvdXML; BIM; Querying IFC models; 

I.  INTRODUCTION 

Building codes are the rules and guidelines that specify 
the minimum acceptable level of safety, accessibility, 
general welfare, etc. of building models. Through building 
code and standards, organizations achieve their fundamental 
goal to protect public health, safety and general welfare as 
they relate to the construction and occupancy of buildings. 
The aim of validating Models is to align several specialized 
indexations of building components at both sides, assuming 
that they deal with the same abstract concepts or physical 
objects, but according to their separate representation prisms. 
Building Code is vital to detect non-compliance elements in 
the IFC model and to ensure its quality and reliability in the 
entire life-cycle of BIM [1], [2]. Since many years, Industry 
Foundation Classes (IFC) has been used by the Architecture, 
Engineering and Construction (AEC) industry for the 
building model representation. IFC is the complete and fully 
stable open and international standard for exchanging 

building data [3]. IFC has been designed to process a 
building’s data model throughout its entire life cycle and to 
allow the inter-exchange of an information model without 
loss or distortion of data. Building SMART organization 
aims at publishing IFC and related buildingSMART data 
model standards. The buildingSMART data model standards 
are developed by the Model Support Group, and the 
implementation activities are coordinated by the 
Implementation Support Group [4]. Together, both groups 
organize the IFC software certification process. It aims to be 
a global standard for the BIM data exchanges.  

To determine the quality of an IFC model after it has 
been developed and to fully automate quality assessment 
according to the French building code compliance 
regulations of IFC models is one of the goal of our 
enterprise, Centre Scientifique et Technique du Bâtiment 
(CSTB), through its research and development efforts. 
Building code compliance is a difficult job because it needs 
to check all building work must comply with the building 
codes (i.e., fire safety, accessibility, etc.). For this, 
verification each small IFC object must be tested to ensure 
its accuracy and validity along with test of overall IFC 
objects together in the IFC model. To achieve these goals, 
our research adopts a traditional approach using MvdXML 
[5]. The subset of the IFC schema needed to satisfy one or 
many Exchange Requirements of the AEC industry is called 
Model View Definition (MVD). The XML format used to 
publish the concepts and associated rules is MvdXML and it 
is regarded as an open standard [5]. It can be used with the 
IfcDoc tool [18] developed by the buildingSMART 
International to read and write MvdXML and to provide a 
graphical user interface for defining all content within 
MvdXML. It is aimed to improve the consistent and 
computer-interpretable definition of MVD as true subsets of 
the IFC Specification with the enhanced definition of 
concepts. MVDs provide additional rules for the IFC 
validation and focus on extracting integral model subsets for 
IFC implementation purposes. The buildingSMART is 
willing to support construction domain developers in reusing 
its leading openBIM standard IFC as a baseline to set up 
specific data exchange protocols to satisfy exchange 
requirements in the industry. The buildingSMART 
International has developed IfcDoc tool for creating Model 
View Definitions. Based on the newly developed MvdXML 
standard, just Model View Definitions can now be easily 
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developed using the IfcDoc tool. The tool and methodology 
can be applied to all IFC releases (IFC2x3, IFC4, etc.). For 
the validation of an IFC file against a particular model view, 
IfcDoc tool user interface displays a pane on the right side 
containing object instances within the file matching 
definitions selected in the tree view. The end-user can 
generate a report in the HTML format indicating if the file is 
valid according to the specified model view, and detailing 
what passes or fails. IfcDoc tool and conformance checking 
by MvdXML technology is a good candidate for the simple 
rules on small IFC models. Although it fulfills lots of 
requirements for the code compliance of IFC models but still 
there is a gap which needs to be fulfilled. We took this 
opportunity to fulfill this gap and propose certain extensions. 
Finally, in this paper, we suggest going beyond MvdXML 
and present a need of an approach based on Semantic Web 
technologies that can easily be extended, configured and 
deployed for the dynamic and changing environment having 
broad spectrum of functionalities for the Verification of IFC 
models. 

The rest of paper is organized as follows. Section 2 
presents related work. Section 3 discusses a usecase and 
extensions in the MvdXML for the conformance checking of 
IFC models. Section 4 points several limitations of 
MvdXML validation rules and discusses to go beyond 
MvdXML. Section 5 concludes this paper. 

II. RELATED WORK 

Code Compliance checking is targeted by the industry and 

researchers in order to provide the facilities to stake-holders 

like the delivery of high quality IFC model to ensure more 

accurate, consistent and reliable results in the life-cycle of 

BIM. In the BIM based research literature, there are three 

ways for the conformance checking of IFC models as 

discussed by Pauwels and Zhang [16]. First, we have the 

‘hard coded rule checking’ where rules are integrated inside 

the application. This approach is adopted by Solibri Model 

Checker [17] and IfcDoc tool [18] along with the MvdXML 

rules. The second approach is ‘rule checking by querying’ 

the IFC model followed by K.R. Bouzidi et al [19]. In this 

approach, BIM is interrogated by rules, which are 

formalized directly into SPARQL queries. The third is a 

semantic rule checking approach with dedicated rule 

languages (such as SWRL [7], Jess [24] or N3Logic [25]) 

adopted by H. Wicaksono et al. [20] based on SWRL rules, 

Pauwels et al. [21] based on N3Logic rules and M. 

Kadolsky et al. [22]. 

Besides these researches, recent years revealed some 
contributions based on Semantic Web technologies. SWOP-
PMO project is one of recent contributions that use formal 
methodology based on the Semantic Web standards and 
technologies [14]. It uses OWL/RDF to represent the 
knowledge, and SPARQL [8] queries and Rule Interchange 
Format (RIF) to represent the rules. The RDF/OWL 
representation is not derived from the written knowledge but 
has to be remodeled in accordance with the rules of 

OWL/RDF. There are some other works for the semantic 
enrichment of ontologies in the construction and building 
domain. Emani et al. proposed an ontology-based framework 
for generating an OWL Description Logic (DL) [23] 
expression of a given concept from its natural language 
definition automatically [15]. Their framework also takes 
into account an IFC ontology and the resultant DL 
expression is built by using the existing IFC entities. To 
enable the compliance checking of the repository through the 
digital building model, Fahad et al. have contributed a 
framework for mapping certification rules over BIM [11]. 
They aimed to align several specialized indexations of 
building components at both sides, by extending IfcOWL 
ontology with bSDD vocabulary (i.e., synonyms and 
description) as enriched IfcOWL ontology to deal with the 
same abstract concepts or physical objects. Fahad et al. also 
investigated semantic web approach by using SWRL and 
traditional approach by the use of IfcDoc tool and analyzed 
that the semantic web technique represent more global scope 
with larger visibility of querying for the validation of IFC 
models [12].   

III. EXTENSIONS IN THE MVDXML CHECKER  

An MvdXML document contains an instance of 
mvd:MvdXML as a main element, which defines a set of 
reusable concept templates, mvd:ConceptTemplate, and a set 
of model view definitions, mvd:ModelView. Each model 
view defines an applicable schema like IFC2X3 or IFC4 and 
may set a link to a base view definition if it is an add-on 
view.  The validation of IFC building models is vital in the 
BIM-based collaboration processes and can be done via 
IfcDoc tool. Using IfcDoc tool with the MvdXML rules, an 
end-user performs three steps of automatic control sequence. 
The IfcDoc engine loads an IFC file and MvdXML files 
containing rules, and then it executes defined rules over IFC 
model. Finally, it generates a report indicating compliance 
(compliant/non-compliant) of each item under the rule. It 
assigns each rule a green or red depending on whether the 
item is/is-not in compliance to the defined rules. Besides 
IfcDoc tool, an end-user can use standalone MvdXML 
Checker (a java-based research prototype) to meet the 
requirements of verification models. Working on different 
usecases, we found that we need extensions in the MvdXML 
Checker to meet the requirements of real world scenarios. 
The following subsections present motivation scenario and 
the extensions we made in the MvdXML checker. 

A. UseCase Scenario – conditions and constraints  

When we need to access the name/label of an IFCSpace, we 

can simply access the name attribute of the IFC schema. 

This is a very simple case which can be employed very 

easily. But there are some scenarios which we cannot 

implement with the current implementation of MvdXML. 

During the validation process we can have conditions and 

constraints in the rule for certain scenarios which is not 

supported by the MvdXML Checker. According to IAI, 

“An IFCConstraint is used to define a constraint or limiting 

value or boundary condition that may be applied to an 
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object or to the value of a property”. This element is 

defined within the elements mvd:EntityRule and 

mvd:AttributeRule and represents a restriction on an 

attribute, which may require the value, type, or collection 

size to have equality (or other comparison) to a literal value 

or referenced value. For example consider a scenario 

illustrated in Figure 1, where we can apply conditions and 

constraints on the IFCSpace. Figure 2 demonstrates the 

MvdXML of this small example. One can note that in 

MvdXML rule file, description=”*” in the rule description 

demonstrates the presence of a condition and its absence 

represents the constraints. There can be very complex 

situation, for example, as depicted in Figure 3, a chain of 

hierarchy, where conditions and constraints are involved. 

Therefore, precise tackling of conditions and constraints 

should be analyzed and integrated properly in the MvdXML 

Checker. 

 

 
 

Figure 1.    IFCSpace with various attributes  

 

 
Figure  2.  MvdXML showing conditions and contraints 
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Figure 3. Applying conditions and constraints on the Attributes of an IFCSpace concept

  

 

Figure 4. Interface of output by the Extended MvdXML checker 
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B. Extentioned MvdXML Checker as a WebService  

We have implemented several extensions including the use 

case defined above in the MvdXML checker and developed 

a web service [26] so that it can be used by end-users. First 

end-users upload an IFC model and choose to apply code 

compliance rules over their IFC model. Then, the checker 

executes control rules to verify chosen protocols on the 

input model by starting a web service. Web service executes 

the control rules and displays the results as an output in the 

html form as illustrated in Figure 4. Each of the rule that 

detects non-compliant elements are highlighted with the red 

color so that end-users would be alert in those particular 

cases. When one clicks on the red highlighted rule, the web 

service loads non-compliant elements with their Guids, 

Names and Types. 

IV. NEED OF NEW IMPLEMENTATIONS FOR THE 

COMPLIANCE CHECKING OF IFC MODELS 

This section highlights various limitations of MvdXML 
Checker and then discusses a real world use case scenario of 
verification rule which cannot be modeled by using 
MvdXML. Later in this section, we propose a semantic 
based solution for the building code conformance checking 
of IFC models.   

A. Limitations of MvdXML Checker  

Complex nature of IFC makes the information retrieval 
difficult and as a consequence it affects the validation 
process of MvdXML rules. Many tasks for an IFC model, 
such as information retrieval, model validation, etc., do not 
achieve real-time performance in the real-world BIM 
scenarios. There are many drawbacks of MvdXML for 
extracting building views such as: lack of logical formalisms, 
solely consideration of IFC schema and MVD-based view 
constructors are not very flexible and dynamic 
[6]. Verification by MvdXML rules are also very limited. 
Major limitations are identified such as restricted scope of 
applying conditions and constraints on several branches of an 
IFC model, poor geometric analysis of an IFC model, lack of 
mathematical calculations, support of only static verification 
of a model, etc. It does not show the cause or provide 
mechanisms for reasoning the inconsistencies or anomalies. 
However, on the other hand, Semantic Web technologies, 
especially SWRL or SPARQL, allow for the semantic 
verification of IFC models to enable the compliance 
checking of IFC construction models with fast querying 
performance. The next section will show motivation for the 
semantic based verification of IFC models.  

B. Need of New Semantic Implementations 

While working with the MvdXML and IFC tools, we 
realized that there is no support to build new concept and/or 
high level vocabulary dynamically or create a new rule using 
existing concepts. For example, a simple rule that is based on 
‘Highest Storey’ would neither be possible with IfcDoc tool 
nor with the MVDXML specification. But, if we process an 
IfcModel and build a semantic repository with the geometry 

information and materialize high level vocabulary via 
SPARQL Rules and Queries then we can build verification 
rules over the Highest Storey. With the help of Sparql rules 
on the geometry data (i.e., minimum and maximum values of 
X, Y and Z coordinates) of IFC objects, we can infer 
elements which are Above or Below with respect to each 
other. Once we can infer IFC objects then “Not Exists {B 
above A}” concludes A as a Highest Storey having nothing 
over it. Figure 5 illustrates this scenario. 

 

 
Figure 5. Semantic illustration of Highest Storey Concept using geometry 

data from an IFC model 

Besides building verification rules over geometry data, 

querying semantic model is faster and gives a good run-time. 

One can customize queries easily and according to 

requirements. Using MvdXML, there is no intermediate state 

and IfcDoc tool gives no explanation for the reason of non-

compliance. On the other hand, the Semantic Web 

technology is a good compromise between development 

efforts and opportunities. The graphical representation of 

RDF allows rules to be more intuitive and more efficient to 

reason and execute. As SWRL [7] and SPARQL [8] are 

W3C recommendations, a lot more functionalities are added 

to meet the requirements of the real world scenarios. For 

example, one can perform calculations in SWRL, which we 

cannot do in MvdXML. In addition, we can also define new 

attributes and elements, evolve the existing values, and give 

them values based on the initial axioms in the repository and 

store them back in our repository for further processing. In 

addition, many complex verification rules execute on the 

combination of IFC objects or depend on small rules, but this 

is not much flexible and most of the time concatenation of 

conditions and constraints is not possible in the IfcDoc using 

MVDXML specification. 

C. Work in Progress – Semantic based Verification 

To meet the requirement of semantic checking, we have 
implemented semantic based approach for the building code 
compliance. We have used IFC-to-RDF-Converter 
developed by Pauwels and Oraskari [13] to get a semantic 
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repository (RDF triplets) [10] equivalent from an IFC model. 
We apply filtration to get an RDF equivalent compact triplet 
file to avoid several IFC elements, such as Person, Address, 
Material-List, etc. Then, we extract all geometry data from 
the input IFC model by using BIM-Server plugins [27]. 
BIM-Server is an open source toolkit to work with the IFC 
models and provides two plugins (i.e., IFCOpenShell and 
IFC Engine DLL) for the extraction of geometry data. Once 
we gather all triplets (i.e., Filtered RDF file of IFC model 
and Triplets of Geometry data), we load them into the 
Stardog triple store [9] for the fast querying, searching, and 
analyzing of RDF triplets. Over these triplets, we build our 
high level vocabulary by using SPARQL rules (e.g., highest 
storey concept explained above). Finally, we formalized 
verification rules into SPARQL queries which bring triplets 
(i.e., non-conformance elements) in the case of non-
compliance of building code. The whole architecture is 
illustrated in Figure 6. We build several test cases comprise 
of different queries on different sizes of IFC models by the 
traditional approach via IfcDoc and the ontology-based 
semantic approach via SPARQL. From the initial results, we 
conclude that SPARQL queries are flexible for retrieving 
data and do the validation in an optimized way giving better 
run-time as compared to the traditional approach via IfcDoc. 
But the conversion from IFC to RDF and then storage of 
triples into stardog takes time. But, once the stardog triple 
store is loaded with the data, it is much faster querying and 
validation of IFC models. SPARQL queries can be modified 
easily with the new or customized conditions and constraints 
for the conformance checking against the triple store. 
Besides flexibility, reasoning is another advantage of 
Semantic Web technology, as the IfcDoc tool does not 
provide any justification. With queries and rules, we can 
identify reasons of inconsistencies and anomalies via RDF 
graph traversals. 

 

 
Figure 6. Architecture of semantic-based Approach 

 

V. CONCLUSION AND FUTURE WORK 

An IFC is a specific data format that aims at allowing the 
inter-exchange of an information model without loss or 
distortion of data. Building Code compliance is vital to 
ensure the quality and reliability of an IFC model. Building 
code compliance of IFC models is a hot issue for the 
researchers. One of the ways to apply code compliance of 
IFC files is by the use of MvdXML checker. However, 
current implementation needs further extensions so that all 
the rule specifications can be covered and tested. In this 
paper, we presented extensions we made in the 
implementation of MvdXML Checker available for the 
validation of IFC models. The proposed extensions were 
implemented in the form of a web service. End-users can 
invoke this service to check code-compliance according to 
their own rules over their desired IFC models. Finally, this 
paper also addresses the need of a semantic approach 
towards the automatic verification requirements to warn the 
non-conformities as a hot challenge. Our on-going research 
work is to develop and investigate a semantic web approach. 
We transform an IFC model into a RDF model and query on 
RDF triplets to meet the requirements of code compliance. It 
is obvious that only a well-engineered IFC model that passes 
code compliance can serve best in the entire life-cycle of 
BIM. 
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