
1 INTRODUCTION 
 
In developing their IDDS theme, CIB have chosen 
the following definition of IDDS: 

“Integrated Design and Delivery Solutions use 
collaborative work processes and enhanced skills, 
and integrated data, information, and knowledge 
management to minimize structural and process in-
efficiencies and to enhance the value delivered dur-
ing design, build, and operation, and across 
projects.” (CIB 2009) 

While recognizing that an IDDS comprises three 
major aspects: people; process; and technology, the 
people and process aspects of an IDDS will not be 
considered in this paper. Instead the focus is fully on 
technical aspects of an IDDS. 

Limited forms of integration are offered through 
BIM-based approaches offered by major CAD ven-
dors. These approaches are typically vendor specific 
and tie together a small number of design tools (in 
comparison to the thousands available in the mar-
ketplace), and are unlikely to be the set required by 
any particular grouping of professionals involved in 
a construction project. Creating a wider integration 
platform usually requires uniquely qualified individ-
uals to be available in one of the companies involved 
in the project. Some demonstration of interoperabili-
ty utilizes the IFC data model standard, which cuts 

across CAD vendors, though still only providing 
support for a limited set of construction processes, 
and still requiring uniquely qualified individuals in 
each company to ensure the integrity of data ex-
changed. Due to the limited number of applications 
supported in BIM, or interoperable solutions, the 
practice of manual re-entry, and checking, of data 
between applications is common. Where automated 
information exchange is practiced the common ex-
perience is of loss of information and no guarantee 
of the semantic integrity of models being exchanged. 
The usual characterization of information manage-
ment with current BIM and interoperability solutions 
is to a document management system, where a com-
plete model is exchanged and the only level of in-
formation management is achieved through interro-
gation of the different versions of the complete 
model being passed between project participants. 

Interoperability will be seen to be ubiquitous in 
the industry when practitioners do not understand 
that there is a complex and sophisticated technology 
underlying their software tools. When there will be a 
seamless connection between any two software tools 
gathering, and updating, the particular view of in-
formation required for any particular process in the 
project. Then specialist coders will not be required 
by companies to undertake project-based informa-
tion exchange, though there will be roles for an inte-
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lutions will delay the uptake of IDDS. 
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added as design tools mature and the size of data 
files drives the need to pass just relevant data for 
particular processes. Identifying the subset of the 
complete IFC data model required for a MVD is a 
major task in its own right, requiring domain experts 
with significant knowledge of the IFC data model. 
Adding MVD specifications will add to the com-
plexity of the development of the IFC data model. 
As new structures and objects get added to the base 
IFC data model all existing MVD will need to be 
checked against the new model to ascertain whether 
they need to be modified for the new structures. 

4 DATA MANAGEMENT 
 

4.1 Data Management Progress 
The management of data for individual design tools 
and CAD packages is an area which receives consi-
derable attention from developers of those packages. 
Representations and storage structures are chosen to 
ease the process of accessing required data, and to 
minimize the amount of data to be transferred be-
tween applications. This approach also works well 
where several applications utilize the same opti-
mised representation of building information (e.g., a 
DWG file). 

4.2 Data Management Challenges 
The use of standard representations for the transfer 
of information between systems creates a large data 
management challenge. Unlike proprietary formats 
which are optimized for use by a particular applica-
tion (e.g., with indices to particular types of objects) 
the standard formats currently utilized for ISO and 
IAI standards (e.g., STEP Physical File (SPF) and 
XML) must be fully populated with the complete 
building’s data and completely processed by an ap-
plication to extract the required information. There 
are two issues with this approach.  

One is the size of the files created through this 
process. An ASCII version of a database of informa-
tion, especially in a verbose format such as XML, 
greatly increases the size of file required to encode 
building information. The consequence being files of 
great size even for a modest construction project. 
Transferring these files between the various project 
participants then requires specialist support (e.g., not 
amenable to most email transfer protocols). As the 
IFC data model increases the number of categories 
of building related data which can be described the 
amount of data transferred increases. As an increas-
ing number of applications are able to deliver infor-
mation in the standardised format then the amount of 
data collated for the project increases. With data 
files easily reaching hundreds of megabytes the time 
and bandwidth required to transfer a building’s de-
scription becomes a bottleneck for collaboration. 

Secondly, is the time required to process very 
large data files. Data files with hundreds of thou-
sands of objects must be parsed and reassembled in-
to the data structures utilized by each design tool and 
CAD system requiring the data. This is a significant 
processing task, prone to error (see section 5.2), and 
again becomes a bottleneck in the collaboration 
common on projects. 

In current approaches to data management the 
whole building model is transferred in the file. Once 
MVDs for major domains are created this will great-
ly reduce the amount of the building model which is 
every transferred. However, with any approach there 
is a problem in ensuring that all applications pre-
serve the data which is transferred through to them 
for subsequent transfers. Currently, for most design 
tools the requirement is that they store and manipu-
late significant chunks of data which are of no inter-
est (e.g., structural design tools do not require in-
formation outside of their analysis domain). This 
leads to design tools dropping data and subsequent 
data transfers losing information from the original 
files. To cope with this actuality currently requires 
vigilance on behalf of project managers and a signif-
icant manual reentry of data. 

Once MVDs are in place the requirement for in-
formation transfer and processing will be signifi-
cantly reduced. However, this comes at the cost of 
handling the subsequent mergers of overlapping and 
modified construction information. While transac-
tional approaches are available which can guarantee 
the consistency of overlapping data model updates in 
these circumstances (Gray and Teuter 1993) they are 
tedious in practice. In particular the impact of these 
techniques is to move processes away from concur-
rent execution towards serialized execution and of-
ten require significant user input to resolve clashes 
in data. Support for such user involvement in data 
conflict resolution is not a feature found in the many 
applications which utilize such data. 

There are a wide range of standard data manage-
ment issues which are not being well supported by 
current approaches. These include agreements on the 
ownership of data created during a project and espe-
cially protection of the intellectual property rights of 
those involved in a project. Identifying the prove-
nance of the data in a building model is poorly sup-
ported and will require the complete creation data 
and change history to support the range of legal 
processes associated with construction processes. 
Support for automated change propagation is not 
available in design tools and CAD systems, and even 
automated notification of change is absent in most 
tools. Approaches to archiving of the complete data 
model are also not well supported, except as a file to 
be managed as any other file is in a backup policy 
for a computer or site. 



Current uses of data models do not utilize very 
much of the site information which is potentially 
available, and consequently do not support their in-
clusion well. Real-time monitoring of a site intro-
duces a significant flow of data into a data model. 
This could include video feeds of the site, sensor da-
ta which provides continuous readings, a more fre-
quent use of RFID data for tracking and placement 
of objects on site, site photographs, etc. Any one of 
these data feeds having the potential to generate vo-
lumes of data which will swamp the data currently 
found in construction data files. 

5 INTEROPERABILITY 
 

5.1 Interoperability Progress 
BIM providers, and the IAI, promote their ability to 
tie a small group of applications together in a con-
trolled and tightly coupled manner (IAI 2009). The 
suite of applications interoperating are usually cho-
sen to provide coverage of major processes within 
A/E/C-FM and hence, if the specified design tools 
are purchased, coverage of the supported processes 
is possible (Eastman et al 2008). Design tools and 
CAD systems interoperating in this manner are 
usually tested and certified to be working at a certain 
guaranteed level of compatibility, providing reassur-
ance on a project that process interoperability will be 
efficient. There can be difficulties with this approach 
when project teams come together and find that they 
are not utilizing the tools required for such interope-
rability, and there is usually significant resistance to 
changing away from tools that are well known with-
in an organisation. 

5.2 Interoperability Challenges 
The current state of play of BIM and IFC-based inte-
roperability provides a view of what can be achieved 
with significant effort on behalf of the industry. 
However, what has been observed as perhaps the 
major barrier to increasing the level of interoperabil-
ity for A/E/C-FM is the great difficulty in providing 
correct mappings of the data models between CAD 
systems and other design tools. It is clear that prob-
lems as highlighted in Figure 3 are common with the 
current state of play of interoperability. The impact 
of inadequate interoperability in an industry has 
been identified as a major barrier to many innova-
tions (NIST 2004). 

Correctly specifying the mapping between a CAD 
system’s or design tool’s representation of a building 
and that of the transfer format (e.g., IFC) is obvious-
ly a major issue. As with correctly specifying the re-
quirements of a software system (Sommerville 
2006) it is recognised that a completely correct spe-
cification is not possible to achieve. Even for well 
documented data model specifications such as IFC 

there are many implicit assumptions about the 
classes being specified which are open to interpreta-
tion. This will also be true for the data model of the 
application being mapped to. On top of these incom-
plete understandings of the data models it will not be 
possible to correctly specify all the required map-
pings for any given specification. A problem which 
is analogous to correctly coding software to a known 
specification. 

 

Figure 3. Poor interoperability due to incorrect mappings. 
 
Several research projects have looked at the exist-

ing levels of interoperability for CAD systems and 
design tools and report significant errors in the map-
ping implementations, leading to issues as hig-
hlighted in Figure 3 (Amor and Ma 2006, Amor et al 
2007, Lipman 2006, Ma et al 2006, Pazlar and Turk 
2006). To retain the confidence of users of intero-
perable systems there needs to be further focus on 
addressing such issues. One important step towards 
managing such issues is the level of conformance 
testing which is required for a system to be deemed 
interoperable. Developing adequate testing ap-
proaches is a well recognised problem in the soft-
ware industry as a whole (NIST 2002). Current ap-
proaches tend to favour the software developers who 
must balance their development efforts against sig-
nificant conformance testing efforts. However, IAI 
(2009) have recognised that new approaches to con-
formance testing need to be introduced and are ex-
ploring more stringent testing to receive certifica-
tion. 

A further sign of the lack of confidence in intero-
perability is the existence of model checkers as 
stand-alone applications for purchase and use on 
construction projects. Tools such as Solibri (2009) 
provide an invaluable service in identifying prob-
lems during data transfers and finding solutions to 
those problems. However, until the need for such 
applications disappears it is clear that interoperabili-
ty problems have not been solved. 

When envisioning interoperable solutions for 
A/E/C-FM projects the major system architecture 



which is proposed is a star configuration. In this 
model there is a single central repository (or model 
server) of the complete building model and all other 
applications interoperate through this central reposi-
tory. There are many benefits to such an approach 
which simplifies many aspects of interoperability, 
but it is unlikely to be the only architecture which is 
chosen. A federated architecture, which is common 
in complex multi-organisational database systems, is 
likely to be a common approach as interoperable 
tools become more sophisticated. Such an approach 
allows for data to be held within any organisation 
(resolving some ownership issues) and queries 
against the model have to draw data from a number 
of data stores (or model servers). Other architec-
tures, such as a hierarchical architecture, may suit 
particular types of organisational groupings and will 
have to be accommodated in the approaches sup-
ported by interoperable tools. 

A further issue which impacts on interoperability 
is that of knowledge management for an organisa-
tion, a project, and even the industry. While ap-
proaches to knowledge management are evolving 
(Kazi and Wolf 2006) they have not reached a par-
ticularly sophisticated level. Management of know-
ledge at all the levels required, such as individually, 
for particular processes, for an individual project, for 
a company, and at an industry or country level are 
not possible with current approaches. Many of the 
applications supporting knowledge management are 
adaptations of electronic current document manage-
ment systems and provide little further functionality 
over the underlying system. 

6 SOFTWARE TOOLS 
 

6.1 Software Tool Progress 
The A/E/C-FM industries are well served by soft-
ware applications addressing various national mar-
kets and the wide range of processes in the industry. 
A project to identify A/E/C-FM software in 2000 
identified over 4,500 individual software tools for 
the industry (Turk and Cerovšek 2000). With the ad-
vent of BIM new levels of functionality have 
reached the mass market (though many of these 
functionalities existed in much earlier tools, see 
Howard 1998). Collision detection is now a standard 
process in design stages of projects. The use of 4D 
tools either within CAD systems, or as standalone 
tools, is providing for better planning of on-site 
processes. 5D (cost) simulation is also becoming 
available in BIM-based products, adding another 
view onto the construction process. Parametric CAD 
is available with innovative tools to allow designs to 
be generated from sophisticated descriptive systems 
(Bentley 2009). 

6.2 Software Tool Challenges 
As well as being a testament to the strength of the 
A/E/C-FM industries, the fact that there are over 
4,500 software tools available is also a major barrier 
to IDDS. Autodesk have estimated that the imple-
mentation of an interface to a data model standard 
such as IFC requires one person year’s effort. Mul-
tiply that across 4,500 software tools, and then 
across a new version of the data model being re-
leased every couple of years, the impact on the in-
dustry of supporting interoperability can be seen to 
be very significant. Supporting the development of 
interoperability without such an overhead for soft-
ware developers would seem to be a necessary step 
forward, while ensuring that the quality of the im-
plementation is to the level which enables surety in 
the industry. 

Using a design tool or CAD system requires the 
user to make decisions about the design. The intent 
of the designer when making these decisions, and 
using these tools (e.g., detailing a generative com-
ponent), is not readily captured in current systems. 
Until knowledge management tools support their us-
ers in capturing such information there will be a gap 
in the completeness of the building model which is 
handed across at the end of a project. 

There is still a considerable gap between the re-
sults served by the wide range of simulation tools 
and the actuality of the completed structure. While it 
is clear that the sophistication of a building is of a 
level that can not be completely simulated, groups 
such as CIFE at Stanford University are embarking 
on research to close the gap between simulations of 
the modeled building and the observed performance 
of the completed structure. 

Usability and human-computer interaction 
(Preece et al 2002) has not been a major research 
concern in A/E/C-FM over the last decades, though 
there are signs that this is changing with the impact 
of greater numbers of mobile devices on the con-
struction site. Good usability has the potential to 
significantly improve the productivity of A/E/C-FM 
professionals in their daily tasks with software tools 
and mobile devices. Good usability also has the po-
tential to reduce errors in the processes supported by 
software and hardware devices. 

7 CONCLUSIONS 
 
In choosing to move towards IDDS as an approach 
for the A/E/C-FM industries there are a range of is-
sues which impact on the people in the industry, the 
processes they undertake over a project, and the 
technologies that support them. When considering 
the range of technologies required for IDDS there is 
obvious support for many of the core areas identi-
fied. However, it is also clear that the technologies 



in place today are the first incarnation of what will 
be required in the future. For each layer in the tech-
nology stack required for IDDS there are significant 
challenges to be addressed before we can claim to 
have reached the level of support required by the 
people and processes in this industry. 
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