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ABSTRACT: The development of the Industry Foundation Classes (IFC) started from the vision of an inte-
grated building product model which would cover all necessary information for buildings’ whole lifecycle:
requirements management, different design activities and construction and maintenance processes. Although
the IFC model specification covers a substantial part of the required information its implementations into
practical applications have shown several serious problems. One of the main problems is that the internal
structures of the different software products do not support the information needs for the whole process. Thus,
the idea of lossless, incremental data flow through the different applications used by the project participants
has not come true. It is obvious that file based data exchange is not feasible solution, and some other solution
for integrated project data model is necessary for the AEC industry. This paper discusses some viewpoints

and potential solutions to the above problem.

1 INTRODUCTION

The development of the Industry Foundation Classes
(IFC) started in International Alliance for Interop-
erability (IAl) from the vision of a shared building
product model which would cover all necessary in-
formation for buildings’ whole lifecycle: require-
ments management, different design activities and
construction and maintenance processes (Figure 1).

Architect

Civil
Engineer

Structural
Engineer

SHARED
PROJECT
MODEL

Building
Owner

Controls
Engineer

Facilities
Manager

Constr.
Manager

Figure 1: Shared Project Model, 1Al 1997

Although the IFC model specification now covers
a substantial part of the information required in the
design, construction and maintenance processes, its
implementations into practical applications have
shown several serious problems. One of the main
problems is that the internal structure of the different
software products does not support the information
needs for the whole process. Thus, the idea of loss-
less, incremental data flow through the different ap-
plications, which Al has presented since 1996, has
not yet come true (Figure 2).
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Figure 2: Incremental data flow in the AEC process, Al 1997

The problems of one building product model and
data exchange have been addressed in some earlier
research projects. For example, the key problems
addressed in the “PM4D Final Report” (Kam &



Fischer 2002) were that 1) the different information
content in different software products makes impos-
sible to maintain all the data when transferring a
building product model between different software
applications, 2) the instantiated models are large,
which makes the file exchange of the model time-
consuming although usually only a small part of the
model has changed and transferring the whole model
would not be needed, if partial exchange was avail-
able, and 3) versioning and controlling user rights in
file exchange are practically impossible.

Also, John Haymaker recognized the need for
several models and the linkage between these mod-
els in his Ph.D. research (Haymaker et al 2003).

It is obvious that file based data exchange is not
feasible solution, and some other solution for inte-
grated project data model is necessary for the AEC
industry.

2 INTEGRATED MODEL SPECIFICATION

The complexity of an integrated model specification
has lead to criticism against the development of an
integrated building product model specification
(Behrman, 2002).

Behrman strongly criticizes top-down data ex-
change standardization efforts, such as IFC. Many of
his arguments are valid, such as the difficulty and
slow speed of the development and complexity of
the implementation of the standard. As Behrman
writes, the lack of high-level commitment of a criti-
cal mass of key players is a fundamental problem in
data standardization efforts in the AEC industry.

However, the bottom-up development - inde-
pendent minimalist standardization based on each
use-case, which Behrman recommends - has not
been more successful in the AEC industry or re-
placed IFC development since the publication of
Behrman’s report. On the contrary, aecXML, which
tried to use the bottom-up approach, has not pro-
gressed since 2002, while IAIl has published two
new versions of the IFC specifications. Both bottom-
up examples discussed in Behrman’s report -
landXML and gbXML - are still the only aecXML
schemas and in draft stage almost three years later.
Although the development and implementation of
the IFC specification has been slow, it has pro-
gressed and strengthened its position as a de-facto
standard since 2002.

In addition, Behrman’s report does not include
the latest technologies in IFC implementation: IFC
model servers and standardization of their APIs
(SABLE 2003). The development of model servers
started in 2001 and as of June 2005 at least three
products exist (IMSvr 2002, WebSTEP 2002, and
EPM 2003). This development would not have been
possible without a comprehensive model specifica-
tion, such as the IFCs. The model servers and their

standardized APIs can hide the complexity of the
underlying model specification and enable the use of
standard protocols in data exchange, such as XML
and SOARP in the software implementation, which is
one of Behrman’s main critiques of the IFC Specifi-
cations.

In our opinion, there is no reason why the devel-
opment of the model specification should not be
based on one integrated schema. On the contrary,
regardless of the problems caused by the inevitable
complexity of such a schema, one integrated model
specification helps to build common understanding
of the appropriate structure and relations between
the objects in a building product model.

The problems are on the level of instantiated
models. The data content in any existing software
tool used by the AEC industry covers only a small
part of the necessary information. Thus, data ex-
change between different types of applications con-
tains almost always objects which cannot be stored
in both applications. This leads to the same data loss
scenario which 1Al has been trying to fix by the IFC
development (Figure 2).

3 SEPARATION OF INSTANTIATED MODELS

These problems can be addressed by dividing the in-
stantiated model of a project, i.e., project’s data set,
into four separate main models: 1) Requirements
Model, 2) Design Model(s), 3) Production Model(s),
and 4) Maintenance Model. These linked sub-
models form the integrated project information
model (Figure 3).

Alternative Alternative
Solutions Solutions negrsted
1 Project
- R — Information
.................... Model
Design s Production
~dodel 1 Model 1
LSS _,"‘ ..... ;
Design : Production
Model 2 Model 2
F Design \ Production | Maintenance
Model 3 Model 3 Model

Figure 3: Integrated Project Information Model consisting of
the four main models

A crucial issue in the use of separated instantiated
model is the ability to link objects in different mod-
els to each other. This issue is documented more in
detail in the first author’s doctoral dissertation
(Kiviniemi 2005) and also in a CIB W78 conference
paper (Kiviniemi 2005b).
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Figure 4: IFC model server architecture © Yoshinobu Adachi 2002

4 MODEL SERVERS

As mentioned earlier, the file based exchange is not
a feasible solution for shared building product mod-
els, and partial model exchange is also a necessity.
In addition, the complexity of the IFC specifications
has been one of the bottlenecks for implementation,
and easier access to the model data using simple
queries would improve the usability of the IFC
specifications. To solve these problems, several pro-
jects have been developing IFC model servers since
2001: IMSvr (Figure 4), WebSTEP and EPM 2003.
All these model servers provide partial model ex-
change and simple query access to the model using
standard technologies such as XML (Extensible
Markup Language), SOAP (Simple Object Access
Protocol), and STEP (STandard for the Exchange of
Product model data) (Adachi, 2002). As mentioned
in Section 2, at least three IFC compliant model
servers exist as of June 2005.
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However, from the implementation viewpoint, the
different application interfaces to different model
servers are a problem, because they either limit the
use to one model server or require implementation
of several application interfaces for each domain
(Figure 5)

5 STANDARDIZED MODEL SERVER API

A standardized application interface for each domain
can solve the problems mentioned above. The SA-
BLE project is developing such interfaces based on
SOAP (SABLE 2003, Figure 5). Each domain-
specific APl handles the information exchange
needed by the client applications for each domain,
which logically corresponds with the BLIS views
(BLIS 2001). The SABLE project is ending in sum-
mer 2005 after which its results can be taken into
wider use.
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Figure 5: Advantage of the standardized interface approach © BLIS & SABLE 2003



6 FURTHER DEVELOPMENT: A PROOF-OF-
CONCEPT

Although some IFC compliant model servers exist
and SABLE API is at the finalizing stage, the inter-
faces for end-user applications are still missing.
Thus, the concept of a multi-model environment has
not been tested in real projects.

VTT, CIFE and LBNL formed the Virtual Build-
ing Environment (VBE) consortium in 2002. The
aim of the VBE consortium is to develop and facili-

tate the use of building product model technologies
in the AEC industry.

One of the efforts starting in the VBE Il project in
summer 2005 will be the development of some inter-
faces for end-user applications and testing them in a
multi-model environment using real project data,
SABLE API and existing model servers (Figure 6).
One potential partner in this development will be
TNO where Peter Bonsma has developed a 3D com-
ponent as a part of his IFC Engine Series (Bonsma
2005).

VBE Il projects

End-user End-user End-user :r
application| |application| |application
A B C '}
Interface Interface Interface ||
3D component

A A A

A 4 A 4 A 4

Current SABLE API
(Eurostep Oy)

Collaboration projects__
End-user |1 End-user |
| application i | application i
b __E___
Interface ¢! Interface
L |
____1____I ____1____I
1 1
1 1
v Yoo,
SABLE !
Extensions |

IFC Model

IFC Model

Server 1 Server 2

Figure 6: Planned interface development within the VBE Il project

An additional potential in the concept presented
in Figure 6 would be the possibility to “standardize”
an international platform for multi-model environ-
ment research. This platform would enable efficient
collaboration between different universities and re-
search institutes and efficient use of resources, be-
cause a standardized APl and underlying model
server would simplify the implementation efforts,
and the use of software modules developed in other
projects would enable simultaneous testing of sev-
eral features of a shared model without the need to
program all necessary functionalities in each project.
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