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Abstract: This paper is concerned with the interoperability problem between AEC software applications and 

actors representing multidisciplinary collaborative domains. The idea of creating a central model that is used 

as a base for interoperability between multidisciplinary software applications has been recently developing 

under the BIM (Building Information Model) concept. The IFC (Industry Foundation Classes) initiative from 

the IAI (International Alliance of Interoperability) is considered to be one of the most substantial efforts di-

rected towards solving the interoperability problem. In this connection, the IFC partial model exchange is re-

garded as one of the biggest challenges facing the implementation of the BIM approach in practice. This pa-

per addresses the problem of exchanging data subsets of the IFC model. It introduces a new concept where 

the involvement of the end user and collaborative teamwork environments’ requirements play an important 

role in defining the partial exchange scenarios. A graphical user interface is developed to enable end users 

to define their own exchanged data subsets and export them in valid IFC STEP ISO 10303-P21 files.       
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1 Introduction 

The interoperability problem between AEC software 
applications has received a lot of attention in the last 
decades. A lot of efforts have been directed towards the 
BIM (Building Information Model) solution concept, 
where a central model is used for exchanging informa-
tion by electronic means between software applications. 
  Practical experiences from real projects like the 
Headquarters for the Danish Broadcasting Corporation 
[1] and LBNL E-Lab Building [2] have shown that the 
success of the BIM concept is very dependent on its 
ability to perform partial model exchange [3]. 

 
Since the mid nineties, the IAI (International Alliance 
for Interoperability) [4] has introduced the IFC model 
[5] as a multidisciplinary building information model 
that facilitates interoperability. Since then, there have 
been many trials to achieve partial model exchange 
through the use of model servers [6]. 
  Exchanging partial model data or IFC data subsets 
has proved to be a difficult process due to the fact that 
most software applications have to map the IFC data 
sets to their own data structures. Irrelevant IFC data is 
not capable of being exported from those applications. 
Consequently, it is quite difficult to guarantee a loss-
less data exchange between the model server and other 
applications. 
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2 Data Transfer 

2.1 Technical side 

By looking at the technical part of the partial model 
exchange problem, it seems that there are two main 
logical solutions: 

·  Modification of Software internal data struc-
tures to enable irrelevant IFC data sets to be 
exported. 

·  Adaption of a Model View Definition for each 
software application.  

In the first solution approach, the software vendors 
should modify their applications to make them capable 
of handling irrelevant data sets and exporting them 
again back to the model server. 
  In the second solution, a model view definition [7] 
has to be defined for every application and located as 
an output filter from the model server and an input fil-
ter from the software application. 
  In reality, the second solution seems to be more real-
istic and controllable than changing the internal data 
structuring of already pre-existing software applica-
tions that use pre-existing IFC tool boxes or additional 
IFC APIs for data exchange. In addition, it enables the 
exchange of needed (relevant) data subsets only. 
  The main advantage for using software specific 
Model View Definition which filters the data exchange 
between the model server and a software application as 
is that it enables the comparison between the input to 
and output from the same application. This comparison 
enables the identification of the model’s changes. In 
other words, the modified, deleted or newly instanti-
ated objects can be identified. Furthermore, changes to 
objects can be pointed out on their attributes level. The 
latter has a great potential for improving “Change 
Management” practices especially with the application 
of Object Versioning [8]. 
 
2.2 Workflow side 

By looking at the problem from another view point 
other than the pure technical side, the IAI has recently 
discovered that there is an inevitable role for end users 
in defining their own partial exchange scenarios [7]. 
The construction projects lifecycle and workflow in 
different types of procurement systems and collabora-
tive teamwork environments have to be considered in 

defining partial exchange scenarios. Thus, a process 
model is needed to be mapped in order to be able to 
draw out communication patterns that take place on the 
BIM during the entire lifecycle of the project. 
 
2.3 Communication and Collaboration in AEC 

workflow 

In general, the construction industry is characterized 
by long transaction co-operative workflow that allows 
work to be done in parallel by different actors [9]. This 
results in a model that has different states that are di-
rectly proportional in number with the actors working 
on the model at a single point in time. 
  Construction projects are characterized by having a 
long lifecycle. The responsibilities of the project are 
shifted from one team to the other during the develop-
ment of the project. The data transfer in this work flow 
has to be managed through gateways [10], the project 
coordinator or project manager has a responsibility to 
define relevant data for each partner in the project. 
  The transferred data is not only geometrical data. It 
is geometric as well as alphanumeric attributes and re-
lations between the construction elements. Thus there 
is a need to manage the partial exchange of data at an-
other layer than the software filters which only takes 
care of the pure technical validity of the exchanged 
IFC model as shown later in this paper in figure 7. 

3 Creating Partial Models 

3.1 Mapping Schemata 

The EXPRESS-X [11] mapping schemata are used 
generally for mapping data defined by an EXPRESS 
schema through STEP-P21 files as shown in figure 1.       
  Usually there is a source model and a target 

Fig, 1 Filtering Objects form the source to partial model 
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model(s). The role of the mapping schema is to map 
elements from the source to the target model(s).   
  One of the main challenges for dealing with partial 
models in IFC is considered to be maintaining data co-
herency and avoiding redundancies taking into account 
the wide spectrum of software applications that might 
work on the model. Another main challenge is dealing 
with the relationships between the IFC objects. There 
is a need for a mechanism to enable the separation 
(splitting) of objects and reconnecting them back to the 
parent model at re-integration time. 
 
3.2 Binding IFC EXPRESS definitions 

Since the IFC model schema is defined in EXPRESS 
ISO 10303-P11 [12] and since EXPRESS is not a pro-
gramming language, there is an inevitable need for 
binding the IFC EXPRESS definitions to a program-
ming language. The EXPRESS definition of the IFC 
model contains hundreds of interrelated entities and 
inheritance relationships that have to be mapped to the 
associated programming language. 
  In the scope of the research presented in this paper a 
pure early binding approach was adopted. The Java 
Compiler Compiler [13] and reflection technologies 
[14] were used to generate early binding Java library of 
classes to the IFC 2X3 EXPRESS schema.  

 
3.3 Importing STEP-P21 

STEP [15] is the exchange format of data defined in 
EXPRESS. It is a clear text encoding for the exchange 
structure that represents data according to a given EX-
PRESS schema. 
  In order to be able to deal with the IFC model in-
stances, a STEP-ISO 10303-P21 parser and interpreter 
using the Java Compiler Compiler technology were 
developed by the author. The IFC STEP entities are 
parsed and interpreted at runtime to their Java counter-
part objects from the early binding classes. 
 
3.4 Visualization 

The end user or the project manager who is responsible 
for the project development and the co-ordination of 
the design and construction works is in most of the 
cases not interested to know any thing about the IFC 
EXPRESS and STEP underlying technologies. Mean-

while, the 2D/3D graphical visualization together with 
the IFC model relevant properties are considered to be 
the main interest. Thus, the main focus in this paper is 
on the graphical user interface for handling IFC partial 
model exchange scenarios by end users. 
 The visualization efforts in this paper are focused on 
the interaction between the end user and the visualiza-
tion to serve the partial model exchange requirements. 
Thus, the following interactions capabilities are made 
available to the end user: 

·  IFC Tree Hierarchy, (figure 2) 
·  IFC 2D Storey View, (figure 3) 
·  IFC 3D view, (figure 4) 
·  Partial Model View based on selection criteria 

and database queries, (figure 5). 

 
3.5 Selection and splitting of partial models 

The end user has first to identify a subset of the IFC 
model to be split. This subset is defined through the in-
teraction with the graphical user interfaces. Then, this 
subset has to be split into a valid IFC partial model that 
can be exported for use by other actors and software 
applications. 
3.5.1 Defining an IFC model subset 
In the 2D/3D CAD storey viewer the user can select 
IFC elements by clicking them (one by one), by draw-
ing an enclosing (picking) window or by filtering cer-
tain IFC type instances in relation to certain contain-
ment conditions. Example: Walls (IfcWall) of the first 
floor (IfcBuildingStorey) that belongs to the living 
room (IfcSpace) and so forth. 
  This subset of the IFC model can also be defined by 

Fig. 2 IFC Hierarchical Tree Structure 
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Fig. 5 Showing the partial model in 3D 

picking from the IFC Object Tree Hierarchy. The main 
aim behind the interaction with the visualization op-
tions is to make it easy for the end user to define his 
own partial set of the IFC data model. 

  At the end of this stage a data set that includes the 
GUIDs (Global Unique Identifiers) of the IFC ele-
ments that formulate the partial model should be de-
fined. 
 
3.5.2 Defining the IFC splitting edges 

According to [16] the splitting edges that separate be-
tween the parent IFC model and the partial sub-model 
is done at the Inverse and Optional attributes as shown 
in figure 6. This process facilitates the breaking down 
of the inter-relationships between the IFC object at the 
splitting time and building them back again at the re-
integration time. 
  The end user can define these edges on two levels. 
First: On the instance type level (e.g. for all IfcWall in-
stances) and Second: The end user can override the 
definition on a particular instance or a group of in-
stances through the interaction with the graphical user 
interface. 
  Once the partial model set of GUIDs and the neces-
sary user defined export filter(s) have been defined. 
The splitting process can start. 
3.5.3 The Splitting Process 
The first step in the splitting process is the creation of a 
target model with a copy of the same IfcProject in-
stance and all its context information (units of meas-
urement, owner history and so forth). The second step 
is the iteration over the selected set and doing the fol-
lowing: 

·  Creating a clone of each object to be copied to 
the target model. 

·  For each object, the splitting edges have to be 
defined according to the user defined export 
filter. 

·  For each object the direct and inverse attrib-
utes have to be recursively followed, cloned 
and copied to the target model, except for 
those rejected by the user defined filters at the 

Fig. 3  2D CAD View 

Fig. 4  3D CAD View of partial model 

Fig. 6 Defining Splitting Edges for the partial model 



 5 

splitting edges. 
·  The IFC hierarchy of containment in spaces, sites, 

buildings and building storeys has to be copied into the 
target model set with taking care to remove all objects 
that are not already members of the target set and exist 
in the IFC aggregates (Lists, Sets, Arrays and Bags).    

·    An example of this is the IfcRelAssociatesMaterial, 
where there is an aggregate of related objects to this 
material. All objects have to be removed from the ag-
gregate except the objects that are transferred to the 
target model. 
  In this manner a partial model is created and can be 
exported in the form of a STEP ISO 10303-P21 file for 
further use by any other actor or software application. 
The exporting process takes place by a STEP writer 
tool that is developed by the author. 
  The overall splitting process is carried out according 
to a double filtering mechanism as shown in figure 7. 
The first filter is defined by the end user and the sec-

ond is a software application specific filter. 

4 Conclusions and further develop-
ment 

In collaborative team work design environments there 
is a need to create partial models for the exchange of 
information related to Building Information Models. At 
the software application levels there is a need to create 
a Model View Definition for each application to ensure 
a lossless data transfer and to enable the output/input 
comparisons to take place. At the project management 

level, there is a need to establish partial models by the 
end user to enable collaborative concurrent work. The 
paper has introduced a double filter approach at the 
above two levels. 
  The visualization and interaction between the end 
users and the building information model on the 
graphical user interface enables them to create partial 
models and their export in the form of valid STEP ISO 
10303-P21 files. 
Since the exchanged data includes both geometric as 
well as non-geometric data, the splitting of objects by 
CAD applications is not sufficient to satisfy the ex-
change requirements. Hence, the partial sub-models 
are created by splitting the sub-model from the parent 
model by using the EXPRESS Inverse and Optional at-
tributes as splitting edges. 
  The next steps for developing the approaches in this 
paper would be the instantiation of a database to enable 
SQL queries to be executed and the results to be visu-
alized and used to create partial models. Another direc-
tion of development is the ability to compare sub-
models to determine the changes. This would ulti-
mately play an important role in the area of “Change 
Management” especially if coupled with object ver-
sioning. 
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