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1. SUMMARY
The architectural design process has more than one participant.
Each participant has his own way of approaching the information
embedded in a design. In the future the CAAD systems of these
participants must be able to communicate and exchange information.
For a communication of this kind there must be a common ground, a
frame of reference, in which these different points of view can be
expressed. This frame of reference or model must support
participants accessing the same information with different
objectives and for different purposes.
We shall propose such a model based on research results obtained
by the analysis of architectural knowledge and designs. The model
incorporates certain aspects drawn from Al.
2. INTRODUCTION : TALKING ABOUT DESIGN
When two participants talk about the same design they use a common
language base (see figure 1). Without such a common vocabulary it
would be impossible for them to communicate their ideas. Their
educational background has provided them with this common base.
Besides this common base the participant has his own domain
specific knowledge which is not shared with the other participants.
A design consisting of graphical, textual and verbal information
will be expressed in this common base language thus enabeling all
participants to understand and use the design. When a participant
wants to work with a design he has to convert the information from
the common base to his domainspecific higher level abstractions,
perform operations on them, and convert them back into base
language elements for the next participant to use.
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If both participants work with a computer they will want to
exchange design information in the same way. Each has his own
domain specific CAAD system into which the design has to be
converted. To make this machine communication work there also has
to be a common frame of reference. The integration of the computer
would be much easier if it could become one of the participants in
the design process by being able to communicate on the level of
this common language base.

3. ACCESSING THE COMMON LANGUAGE BASE
The task of analysing the common language base and building a
system which works with it is in effect the same as constructing
an expert system. The expert knowledge we want to model is not
that of a single expert, but rather the knowledge the experts in
the design process share.
There is a trend at the moment to review man-machine studies for
their relevance for CAD and CAAD (Majchrzak, 1987). We used some
of the approaches they discussed. We used the KADS method for
knowledge acquisition as developed by the Department of Social
Science Informatics Amsterdam (Breuker & Wielinga, 1986; Breuker
et al, 1987).
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acquisition and defines a
through. It also identifies
be used in the consecutive
model of Hamel (1985) as a

We have done several elicitation experiments using test subjects at
the Academie van Bouwkunst Amsterdam. The experiments have lead to a
first model which will be presented in the next section. First we will
review some of the research methods we used to gather our data.

3.1 Free Associative Recall
Friendly (1979) has shown that recall order consistancy can be used to
construct a tentative memory model. We asked several designers to
write down the terms they used when designing. After comparing the
different lists we compiled a list of terms which all test subjects
used. This list consisted mostly of objects like : wall, door, window
etc. It gave us a first idea what kind of elements the common language
base consists of.

3.2 Observing Interaction Errors
The second experiment was done by observing the interaction errors
made by CAAD operators. We are not interested here in simple typing or
selection errors but in the consistent errors caused by incorrect
interpretation of the working of the system. We assume that the errors
are caused by a mismatch between a model of the system and its actual
operation.
When a non-expert CAAD user selects a set- of drawing primitives and
binds them together using the name 'Window' he often thinks that, by
this operation, the computer now knows this element to be a 'Window'.
He presumes that common knowledge of windows is now attached to this
element. We can observe this misconception when he rescales the window
and discovers to his surprise that the window-sill is rescaled as
well. He uses here the implicit rule that the rescaling of windows
doesn't imply the rescaling of window-sills. This piece of common
knowledge is, of course, not represented in the computer. Discovering
these kind of implicit rules can give us another entry into the common
language base.
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3.3 Analysis of Design Drawings
protocol analysis is the third technique we used. We were interested
in what information is embedded in the actual drawing and which
knowledge exists in the head of the designer. The latter is used to
interpret the drawing and is design unspecific.
We asked several designers to describe a set of sketches made by a
designer unknown to them and without any further knowledge of the
design. Designers were not only capable of 'reading' these drawings,
they could also deduce in which stage of the design process these
sketches were made and which problem the designer was trying to solve
using these sketches.

4. THE DESIGNER MODEL
Using the experimental data described above we constructed a first
model of the common language base used by participants in the design
process. We call this model the Designer Model (Hudson & Lapre, 1987)
because it models those aspects of design knowledge which are design
unspecific and are located within the designer. The final design of a
building is seen as an instance of the relations and information
encoded in this Designer Model. We will describe the various
structures used in the model:

4.1 Objects, Methods and Information
We will take as an example a window on which a move operation is to be
performed and see if we can encode the knowledge which is commonly
known about such an operation (Figure 2). We will call this window to
be moved Window-1. There is a lot of information which must be
attached to this window. The designer will want to know about the
shape of the window while a heating engineer will want data about the
insulating properties of this window.
Not only information but also the operations (methods) which are
allowed for this window are attached to it. It isn't allowed to move
Window-1 if we freeze the position of the wall in which it is
embedded. A lot of the operations which are valid for Window-1 are
valid for all windows. Window-1 is an instance of the Class 'Windows'.
There is a possibility that a certain operation is valid for all
windows but not for Window-1. It must be possible to attach and detach
these operations from objects.
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Here we are using an object-oriented approach which fits in well with
the way designers think about their design. The information which is
attached to the Class 'Windows' can be used for all windows in all
designs. Instances inherit methods and default information from their
Class, after which this default information can be overwritten with
specific information. It enables the different participants to fill in
specific information in a later phase of the design. Not all
information concerning Window-1 has to be known beforehand.

4.2 Context Sensitivity
Each participant has his own way of using the information in a design.
We call this the context in which design information is looked at. In
our research we discovered that it is predominantly the operations
(methods) that are context sensitive. Moving Window-1, looking at an
xy projection, means something different than looking at a front view.
The object is the same and so is the information attached to the
object. But in the first case the method queries for 1 parameter
(displacement along the wall axis) while in the second case there are
2 parameters (displacement in the wall plane).
So the execution of a method is sensitive to context. The active
context guides the interpretation of the incoming information and the
interaction with the user. We will split the methods into a header and
a body. The header will be attached to the object while the body of
the method will be stored in a Context Frame allowing the operator to
use the same methods in different contexts.

4.3 Relations and Geometric hierarchy
Having a Class inheritance hierarchy and context information is not
enough. We also have to represent relational hierachies between
objects. Not only do we know that Window-1 is embedded in Wall-1 we
also know that windows are embedded in walls. So the specific
relations between objects are inherited from their Classes. This means
that the bulk of these relations are encoded in the common base and
are valid for all windows in all designs. Only the specific location
of these elements has to be encoded in the final design. Using the
knowledge in such an common base relieves the designer of having to
add a lot of relations and information every time he adds an object to
his design.
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4.4 Levels of Abstraction
The model consists of several layers (see figure 3) of objects and
relations. At the bottom we find the final design in which all design
specific information is encoded. The next level is the common
language base. This information is design unspecific and is used to
'read' the design. All participants must be able to work on this
level. The uppermost layer is the domain specific knowledge. Its
objects are built on the structures and elements found in the common
base.
Class inheritance is used to transport methods and default
information downwards. Geometrical and functional relations exist
between elements of the same layer. Through this scheme it is
possible to encode a different hierarchy for different levels of
abstraction (the same way humans can).
The computers of today still have problems with communicating on
transportable design level although a lot of research effort is put
into graphical- and object-communication protocols (Schlechtendahl,
1986). But the human expert uses a much higher level of abstraction
than simple coded drawing primitives. The human expert, and his
domain specific CAAD systems of the future, would be able to interact
in a much more meaningful way with the transportable design
information if the common language base is known to both sender and
receiver. This way the burden of converting design information to and
from domain knowledge could be placed on the computer.

5. APPLICATIONS OF THE DESIGNER MODEL
The Designer Model can be used as a base to guide research in
different fields. We are using the model for two lines of research:

5.1 Communication between Participants
The model is now being used by an acquisition team consisting of 2
architectural designers, an Al student and an experimental
psychologist. The aim is to model part of the common language base
and build a prototype CAAD system which can interact with the user.
It must be able to generate transportable designs.
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These designs could be very compact if both sender and receiver share
common knowledge of the use of the design. Relations on common
language base level won't have to be explicitly encoded in each
transportable design.

5.2 Man-Machine Interface
The model can be used to guide the design of a man-machine interface.
It can support context-, object- and relation dependent operations.
Using inference the interface can decide for each object which
operations are valid on them. So it can significantly reduce the
operations capable of being selected at any one moment. This relieves
the operator of searching through menus full of commands which are
never used for the chosen object in the selected context.
A full implementation of the Designer Model will be a very complex
task and the constant inference for every user action will make it
computationally costly. The model can, however, point out which
objects and relations are more central to the common language base
than others and thus aid in selecting those parts of the model which
should be implemented.

6. CONCLUSION
We have proposed a model of the design unspecific, common language
base used by the participants in the design process. A future CAAD
system will be able to participate in this communication if it can
operate on the same level of abstraction as found in this common base.
In this way it can support multiple experts working on the same
design.
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