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Abstract
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THE QUESTION OF STANDARDIZATION

Standardization is generally considered to be the ultimate solution to the problem of data
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in a standardization approach. For these reasons, a syntactic approach specifying a framework for
expressing and comparing various representations holds more promise.

DEVELOPMENT AND ACCEPTANCE OF STANDARDS

Standards are difficult to develop and, more so, to have accepted within the industry. This
difficulty is primarily due to the extended range of disciplines and knowledge domains that are
involved and the need for a broad consensus among industry members. This is particularly the
case in the building industry where such consensus is hard to achieve both within and between
disciplines. There are many reasons for this. Most commonly, the fragmented nature of the
building industry and the uniqueness of each building project (Buckley et &., 1998) are cited as
primary causes for the failure to achieve a standard for data sharing among project partners. On
the other hand, partial standards have a much higher chance of success. These may be achieved
by focusing on a particular aspect of the building project such as a single phase in the design or
construction process, a specific knowledge domain, or a particular set of interactions between
project partners. By isolating this aspect from the broader context, standardization processes that
have proven to be successful in other fields may apply and yield a usable solution to a limited
form of the data exchange problem.

Recent standardization efforts show a renewed interest in such solutions. For example, Qect

tees (van Nederveen, 2000) constitute an approach primarily aimed at the construction planning
phase of large-scale construction projects. Object trees serve to improve electronic
communication between different disciplines by offering participants a methodology for
developing representational object trees that correspond to concept hierarchies of construction
aspects, elements and their attributes. The methodology requires all participants to concur on the
concepts and attributes involved; in return, it presents them with a unified framework for relating
activities and for data exchange among participants. It is specifically suited for the construction
and construction planning phases of large-scale projects in which the advantages of the
conceptual and representational framework far outweigh the disadvantages of the need for an a-
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Development of standards is further complicated as design cannot be completely rationalized nor
captured into specific processes. By nature and context, architectural designs are ill defined and
poorly constrained; architects find themselves having to conceive and create novel solutions. In
this creative environment, design applications serve as tools for exploring new ideas both in form
and function. Preferably, such explorations are neither restricted nor hindered by software
functionality and their underlying representations. For this reason, designers may adopt
applications from outside their design domain, to extend their ability to express their ideas and
methods. If designers are bound to a standard representation for data exchange, it may undermine
their ability to exploit new tools, in the design process, that do not adhere to this representation.

It is unrealistic to expect the software industry to stay abreast of demands in supporting new
design techniques and methodologies. Recent history shows that the AEC CAD software
industry, in particular, is far from being a frontrunner when it comes to developing new support
for creative form finding. Evolutions in design are led by those who are willing to step outside
conventional approaches and explore new design techniques and technologies. When faced with
project partners requiring an adherence to specific standards for electronic data exchange, such
pioneers may be forced to invest time and effort in developing the necessary translation support.
Depending on the current status of the standard, it may not even be possible to develop such
support that is fully satisfactory with respect to the translation needs. Consider, as an example, the
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(IFCs) defining a building object model shared by all IFC-compliant applications (Bazjanac,
1998). The IAI also supports the aecXML Working Group, which is working on an extension to
XML in order to facilitate electronic communication primarily in the U.S. architectural,
engineering, and construction industries (aecXML, 1999).

FLEXIBILITY AND STANDARDIZATION
Though different areas may require different solutions for data exchange, when it comes to

architectural design, one must consider flexibility and extensibility in the solution in order to
support the dynamic nature of design (van Leeuwen and de Vries, 2000; Stouffs and
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SYNTACTIC STANDARDIZATION
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The definition of a sort includes a specification of the operational behavior of its members and
collections, denoted as forms. The behavioral specification enables a uniform handling of forms
of different sorts, on the proviso that the universe of all forms of a sort is closed under the
respective operations. Primitive sorts have their behaviors assigned in order to achieve a desired
effect, e.g., discrete behaviors for points and labels, an interval behavior for line segments, and an
ordinal behavior for weights such as thickness or tones. On the other hand, a composite sort
receives its behavior from its component sorts, based on its compositional relationships (Stouffs
and Krishnamurti, 1997). The formal relationships between sorts enable the comparison and
mapping of sorts as representational structures; the behavioral specification of sorts supports the
mapping of information structures onto different sorts, such that the resulting information
structures conform to the definition of the respective sorts or representations.

The concept of sorts only specifies a common syntax, allowing for different vocabularies and
languages to be created, and providing the means to develop translation facilities between these.
For example, a point may be specified with any number of coordinates depending on its
dimensionality, its coordinates may constitute integers, reals, or rationals, these may be bounded
in space, etc. Sorts can be defined accordingly and, based on their compositional structures,
compared and related. For example, the operation of sum specifies a subsumption relationship on
sorts, where one sort may match a part of another sort, under sum (Stouffs and Krishnamurti,
1997). Compositional structures under the attribute relationship, if not equal, may be fully (or
partially) convertible: the attribute relationship is associative though not commutative. Based on
the result of this comparison, translation support can be provided for and data loss monitored. For
example, partial conversions always result in data loss; complete conversions may result in data
loss depending on the behavioral categories of the constituent sorts.
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CONCLUSION

Standardization is not the obvious solution to data exchange in the design process, if it attempts
to impose a common semantic model for all to adhere to. Instead, design participants should be
offered tools to map representations in order to assist electronic data exchange. In this way, each
participant can decide for herself whether to rely only on common software applications that are
known to fully support this representational standard or to explore new tools and develop
translation support for data exchange with others. Such a representational framework must offer a
large collection of different representational building blocks and compositional relationships in
order to develop a variety of different representations, and tools for comparing and mapping
representations and converting data between representations. A range of predefined
representations can be used as targets for comparing and mapping representations and as a basis
for developing new representations through alterations and extensions. In this way, a large variety
of data exchange situations can be resolved and representational freedom may be supported to
various extents, depending on the effort one is willing to make.
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