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ABSTRACT

In this paper we describe our current research into an object-oriented approach to the recording and
managing of design decision-making in the processes of building design. The Advanced Design
Support for the Construction Design Process (ADS) project, funded under the Innovative
Manufacturing Initiative by the UK Engineering and Physical Sciences Research Council (EPSRC),
aims to exploit and demonstrate the benefits of a CAD-based Design Decision Support System. The
research focuses on how to provide designers with tools for recording and managing the group
dynamics of design decision making in a project's life time without intruding too much on the design
process itself. In collaboration with Building Design Partnership, a large multidisciplinary construction
design practice, we look at design projects that require decision-making on an extraordinarily wide
range of complex issues, and many different professional consultants were involved in making and
approving these decisions. We are interested in developing an advanced CAD tool that will facilitate
capturing designers' rationales underlying their design decision making throughout the project. The
system will also enable us to explore how a recorded project history of decision-making can be
searched and browsed by members of the project team during and after design development.

1 THE RESEARCH CONTEXT
The Advanced Design Support for the Construction Design Process (ADS) project
was funded by the UK EPSRC’s Innovative Manufacturing Initiative programme in
January 1999. The ADS project was set up to bring forwards the developments from
an earlier EPSRC funded project COMMIT (Construction Modelling and
Methodologies for Intelligent Information Integration) to improve the effectiveness of
collaborative building design processes. It aims to tackle the challenging problem of
managing design information, including eliciting design rationale, without intruding
too much on the design process itself. It provides the possibility to effectively link
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design decisions back to requirements, to gather rationale information for later stages
of the building lifecycle, and to gather knowledge of rationale for later projects. The
ADS project was funded for two years and is currently at the end of the first year
period. There are two research groups working on the project: the Salford group led
by Prof. Grahame Cooper at the Information Systems Institute, University of Salford;
and the Sheffield group led by Prof. Bryan Lawson at the School of Architecture,
University of Sheffield. This paper reports mainly on the work carried out by the
Sheffield group, focusing on the aspect of design processes and user interface issues.
However, it should be said that the two research groups have been developing the
research in a highly concerted manner, and one group's working could not achieve the
project objectives successfully without the other.
1.1 COMMIT and beyond
Building projects require a design process capable of dealing with an extraordinarily
wide range of complex issues. Decisions must be made about the layout, form,
appearance, materials, methods of construction and many other factors in order to
satisfy the needs of both ‘paymaster’ and ‘user’ clients, a wide range of generic and
type specific building control legislation. Many different professional consultants are
involved in making and approving these decisions. Even average sized building
contracts involve design processes, which may span many months and possibly years.
Larger building contracts may require design decisions to be made over periods
extending into many years. We have thus a powerful cocktail of circumstances
governing the way decisions are made during the architectural design process. Such
decisions are multi-dimensional combining together factors, which range from the
highly subjective to the perfectly objective. The decisions are made by many
individuals often belonging to different organisations and having different skills and
training. These decisions are made over very long periods of time in an iterative
manner and are commonly revisited weeks, months and even years after they were
originally taken. There is considerable potential for misunderstandings, inappropriate
changes, which give rise to unforeseen difficulties, decisions which are not notified to
all interested parties, and many other similar problems.
The ADS project builds on the EPSRC funded COMMITi project which was
concerned with the management of information to support decision making in multiactor environments. It addresses six primary issues that are central to information
management: (1) the handling of ownership, rights and responsibilities; (2) versioning
of information; (3) schema evolution; (4) recording of intent behind decisions leading
to information; (5) tracking of dependencies between pieces of information; (6)
notification and propagation of changes. Whilst many of these are distinct issues, they
have been found to be closely inter-related, making it difficult to address them
individually. During the COMMIT project, the Salford group has employed objectoriented technologies (first in C++ then in JAVA) to implement an information
management framework that addressed the problems indicated above (Brown et al.
1996). Essentially, COMMIT records decisions and the reasoning behind those
decisions in a manner appropriate to decision making in a design process. That is to
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say it allows for many versions of designed features either simultaneously or in
sequence. It does not prescribe a decision making sequence which is left to the design
team, but provides an infrastructure through which they can ensure that all members
of the team can be aware of decisions, who made them and when as well as why. The
way in which this is achieved is described in a separate paper (Rezgui et al. 1998).
There are several strands to this problem. Firstly how COMMIT captures the
decisions form the designers. Secondly how it captures the reasoning behind those
decisions and thirdly, how designers may access and browse this information about
information or be alerted to it. These aspects of the speed and integrated nature of
design pose considerable problems in implementing the COMMIT system into a real
design process. How does COMMIT capture its information? Quite simply it would
seem almost inconceivable that we should attempt to implement COMMIT unless it
was in tandem with a Computer Aided Design (CAD) system. Thus we might
reasonably assume that COMMIT could in some way capture decisions and changes
to the design by storing the states of the design as recorded in the CAD system and
noting the changes which are made to its features.
Ultimately we might wish COMMIT to rely on some software agents that
looked for such manipulations and tried to infer what the reasoning was behind the
changes. However we have probably rather a lot of knowledge to acquire before such
a piece of software could be developed. In the short term, we might want to test out
the COMMIT system by feeding it with design states from a CAD system and
interrogating the designer to establish the reasons. This interrogation could be
delayed until after a design session was complete or until a time convenient to the
designer. The system would then need to play back the sequence of changes, identify
the decisions and ask for their reasons. COMMIT could then be fed with this
information and tested.
This immediately suggests two pieces of research. Firstly can we develop
such a piece of software to elicit this knowledge from a real design protocol, perhaps
in conjunction with a CAD vendor such as the Bentley Systems Inc. There would be
other benefits from this kind of work. We have already seen how the Bentley has
been introducing 'intelligent' objects into their system. Such objects contain not only
their description but also rules defining their behaviour in relation to the context in
which they are used. Thus with such systems positioning an object may trigger this
intelligence and cause the CAD system itself to take decisions to modify the object.
Whilst in many cases such an idea may seems attractive it also has its dangers, since
such modifications may remain undetected by the designer and may result in potential
clashes or problems elsewhere. The system we propose here could document those
changes making them accessible and open to browsing by the designer. This in turn
could then result in the objects containing documented reasons and choices as well as
simply their own rules of modification. Such a system would have all the benefits of
automation and labour savings of object orientation without the potential dangers of
inappropriately de-skilling the human design process.
Secondly can we find an architect prepared to use it in order to collect a real
protocol? As an initial test we could scope this project only to deal with decisions
within a limited focus such as the Building Regulations, or even a subset of these such
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as the Fire Regulations. This would at least enable a real test of COMMIT as it stands.
However this then suggests a further programme of work. We could gather more
thorough and wide-ranging protocols. These could be analysed to see if they could be
firstly categorised, and secondly to see if they could be inferred to all or some degree
from events in the CAD system. This project would certainly require a new
application, probably involving at least one CAD vendor and at least one architect.
Research on design rationale management and interaction can be traced back
at least to early 1990s. Among others, we refer in particular to the 1993 Workshop on
Design Rationale Capture and Use (Lee 1993), in which a wide range of issues and
methodologies on software system design were discussed. The DESPERADO (Design
Process Encoding and Retrieval) project, carried out by research teams at Lancaster
and Derby Universities, has studied experienced engineering, software and industrial
designers in realistic contexts (Ormerod et al. 1999; Ball et al. 1999). The project has
developed a computer-based tool that supports innovative design by encouraging the
sensitive and timely re-use of design ideas and experience in highly innovative design
environments by aiding the processes of encoding and retrieving design information,
and eliciting a design rationale of ongoing work.ii
1.2 Objectives of the ADS project
The ultimate aim of the ADS project is to develop a prototype system that is sufficient
enough to demonstrate an object-oriented approach to managing design decisionmaking across the whole building life cycle. However, the ADS research programme
also offers us an opportunity to investigate a number of issues concerning computermediated collaborative design processes:
(a) The integration of recording/capturing design intents/rationales into a general
CAD platform.
(b) Designers are provided with the tools to record any information related to a
particular design decision-making process that may be recalled and accessed by
other designers in mainly asynchronous decision-makings.
(c) Designers are enabled to make informed design decisions in the light of the
information brought to them with regard to the related design decisions that are
being or have been made by other project actors.
(d) The ADS framework does not impose a specific regime of how design decisionmaking should be managed. It is rather the outcome of the project actors' using
ADS to record and to relate design rationales with design decisions that the effect
of concerted design decision-making emerges.
2 MARKS & SPENCER MANCHESTER PROJECT: A CASE STUDY
The use of case studies plays a fundamental role in the development of the ADS
Project. As mentioned above the generic ADS initial requirements are derived from
work carried out in the COMMIT project. Specific to ADS, though, is the strong
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emphasis on the link with real practice and case studies become one of the media
through which this link is exploited. The objective of ADS Phase 1 - Preliminary
Work was to deliver a working version (Prototype Version 0, 0.5 and 1) of the
existing COMMIT prototype, integrated with MicroStation/J. Within Phase 1 the
main objectives of the Case Study were:
•
•

To better understand the human communication processes and to elicit the
requirements for the system’s interface in facilitating such processes.
To provide a realistic data set to support the development of Version 0, 0.5 and 1
of the software.

In pursuing these objectives, we decided to collect information and design data
resultant from a completed real-world project, for which a considerable amount of
documentation was available. This, by easing the task of data gathering and allowing
a comprehensive overview of project development, allowed us to focus on the
identification of requirements. For successive phases of ADS it will be made use of
live projects, while still in progress.
2.1 The choice of a suitable real-world project
Bearing in mind the objectives of the Case Study, we have looked at some projects
recently completed by BDP Manchester. One of the main criteria for the selection of
the project for case study was the richness of documentation available. The amount of
information and the level of detail in the documents generated during the Marks &
Spencer Manchester Project (M&S project hereafter) appear to us suitable for ADS
Phase 1 research task. In particular the fact that every transaction had been
extensively documented and the complexity and formality of information available
were appreciated.
In order to make the M&S project data manageable and useful for the Case
Study it was necessary to search for an effective way to select only strictly relevant
material. As a way to divide the project information into meaningful and manageable
subsets it was initially thought to use geographical zones (e.g. first floor or ground
floor). Subsequently, considering the type as well as the structure of the information
available, it seemed more appropriate to group information by themes (e.g. structure,
circulation system, shell etc.) and then, within each theme, to order it chronologically.
2.2 The case history
The initial phase of the Case Study development was the collection of data regarding
the M&S Manchester Project. BDP Manchester made available extracts from Stage C,
D, E Design Reports as well as electronic and hard copies of drawings. A member of
the design team that worked on the M&S Manchester Project, Ralph Bilsborrow, was
available for meetings and interviews. The data gathered were of three types:
1. Information about the geometrical development of the design;
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2.
3.

Information about the rationale underlying design decisions and changes;
Information about the interaction and communication among members of the
design team.
The geometrical history of the design was reconstructed analysing hard copies
and electronic copies of drawings as well as the extracts of Design Reports. The
analysis of the drawings, ordered by date of issue and revision, was carried out in
sequence comparing each drawing with its precedent and highlighting the differences
amongst them. This approach, being based on a retrospective comparison of design
documentation, had the limitation to lead to focus the analysis on the history of the
design changes, rather than overall design process. This limitation will be bypassed in
the successive phases of ADS by working on live Case Studies, when a broader
understanding of the design decisions process is sought to be possible.
Information about the rationale behind design decisions and changes was
mainly gathered interviewing a member of the design team, Ralph Bilsborrow, and
analysing the extracts of Design Reports. The data about the structure of the design
team and the communication amongst its various members was again mainly
collected interviewing Ralph Bilsborrow. It needs to be stressed that only the for the
geometrical data of the design development, although through a cumbersome process
of comparison of graphical documentation relative to the CAD model (either in digital
or hard copy format), it was possible to reconstruct the whole history from an
objective source.
The source of the information about the design decisions rationale and about
the design team, instead, was mainly oral communication with one of the team
members. This type of source is bound to be strongly dependent on the availability of
the people involved as well as on their recollection of the events.
A system like ADS aims to address this issue, especially for large-scale projects,
where the personnel turnover is particularly high and, therefore, valuable knowledge
about design decisions is bound to be lost when members of the design team leave
before projects completion.
2.3 An overview of the Marks & Spencer Manchester project
The Marks & Spencer Manchester Project is a high profile development, part of the
rebuilding and regeneration scheme for the hearth of Manchester promoted by the
City, together with key landowners and traders, after the destruction of part of the
City Centre by the IRA bomb on 15 June 1996. Building Design Partnership (BDP)
Manchester was appointed as the project architect, following a successful design
competition. The design was completed in 1998 and the new store opened in 1999,
receiving positive comments on its architectural merits and urban regeneration effects.
2.3.1 Data for ADS case study 1
“The team has deliberately concentrated on a “shell” and “core” approach to
the design process, in order to streamline the delivery […].” (Building Design
Partnership, 1997, pg 3).
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The design was from the beginning, carried out in parallel on three distinct parts of
the building: Main Trading Floor Plates, Outer Envelope and Circulation System.
This very same division of the building into sub-systems, as emerged from the Design
Reports, was adopted to select suitable data for the Case Study.
It was chosen to examine the design development of the circulation system,
which includes the arrangement of cores of circulation, entrances, lifts, staircases,
service risers, ancillary accommodation and access ramp to lower ground floors. This
subset of the whole design appeared to have had suitably complex and documented
development, depending on variables internal as well as external to the design team.
Fragments of design information regarding design rationale as well as some
exploration of design options were documented in the Design Reports.
Within the Circulation System theme the data was looked at in chronological
order. The amount of information available about this theme, still required being
broken down into smaller subsets. From the time line of the whole project
development a segment where incidence of changes regarding the circulation system
was higher was selected. The selected time segment spans between the Revision on
28-02-97 and the Revision on 7-05-97.
2.3.2 Reconstruction of the design history
The data collected served to retrospectively reproduce the project history: combining
the information on the geometrical data of the project with the information on
rationale for design decisions, the history of the design development of the circulation
system was reconstructed. Within the considered time segment, abstract diagrams of
the design evolution of circulation system were derived from the drawings of each
revision and a summary of the rationales for each stage was compiled (see Figure 1).
Summary of the Case Study
One of the achievements of ADS Case Study is the gain of a valuable insight
on how the work is structured within the BDP practice. The ADS system aims to be a
highly customisable, non-intrusive tool that adjusts to the way designers work, rather
than interfering with it. In the first ADS implementation, though, necessarily, BDP
needs were taken as a target user requirement, but the possibility to flexibly
accommodate the working patterns of other practices, or of the same practice for
projects of different nature, was always present as an objective.
Some habits of the BDP design team for the Marks & Spencer’s Manchester
Project were identified that could facilitate a smooth transition to the use of an
information management system like ADS. For instance a pull-down system was used
in MicroStation for assigning layers, default pen colours and weights etc. to elements
(see Table 1). The fact that the user is already familiar with categories of building
components is going to make the shift to an object oriented (and, in the near future,
engineering component) approach rather seamless.
One of the findings of the M&S Case Study is that large amount of knowledge
about the design process remains implicit and also that the repository of such
knowledge is usually mainly the memory of the people involved in the design. A
system like ADS, that aims to capture that knowledge and make it reusable, appears to
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be particularly useful in large projects where the high personnel turnover leads to the
loss of knowledge about the project.
The gathering of information about design decisions and changes for the Case
Study was quite lengthy and some difficulties in retrieving information about the
project and in reconstructing fragments of the design process were experienced.
Identifying such difficulties and easing them is one of the issues that ADS aims to
address. By trying to perform a task that is likely to be performed by ADS potential
users (such as information retrieval) and finding it cumbersome vindicates the need
for an Information Management System like ADS.
By populating the ADS prototype V0.5 and V1 with the Marks & Spencer’s
Manchester Project data, the objective to verify the CIMM with real world data was
satisfied.
3 THE CIMM OBJECT-ORIENTED FRAMEWORK
In this section we discuss from an end-user's point of view the major concepts
underlying the CIMM object-oriented information management framework originated
from the earlier COMMIT project. For a detailed account of the system design and
implementation of CIMM, please see another paper of ours presented at this
Conference (Cooper et al, 2000). When working with a CAD environment in which
the CIMM Manager sits on, a designer will perform design tasks in conjunction with
the following management system components:
Actors—An Actor is simply a person's name registered with CIMM that represents the
individual participating in a project. Apart from name, other attribute of an actor may
include ways of contacting the individual via email, fax etc.
R o l e s —The roles of an Actor are defined in terms of the “rights” and
“responsibilities” that are performed by the actor. An actor may perform different
roles through the life of a project as a design project progresses. Roles are defined in
this way to enable effective management of concurrent multi-actor design processes,
and to be integrated with the support for versioning of design development.
Objects—In CIMM, objects are the primitive CAD elements to be managed in
transaction; they can be the basic drawing elements provided by a CAD system where
CIMM resides. Objects bear certain semantics such as “polyline” as opposed to “wall”
for instance. CIMM was developed as a generic manager that can operate at any level
of design semantics as interpreted by the end-user in the uses of their CAD drawing or
modelling elements. Objects can be instances of particular “Object Types” managed
by CIMM. For example, Double-Glazed and Tripe-Glazed Window are instances of
Window.
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Figure 1: History of the design of the circulation system in the Marks & Spencer
Manchester new store
Table 1: Categories of the drawing elements as used by the architect members of
BDP involved in the Marks & Spencer project
Main division
Primary Elements

Sub-division
external walls, internal walls, floors slabs,
stairs, roofs, structure, external openings,
internal openings, lifts, compartmentation

Ceilings
Floors
Fittings

ceiling grids, cavity barriers etc.
floor grids, cavity barriers etc
general fittings, culinary fittings, sanitary
fittings
mechanical, electrical

Services

297

Authorities—Authorities are defined in association with Roles in which members of
the project team are granted certain rights (by, say, the project manager) to perform
certain ranges of operations (methods) on Objects or Object Types.
Notification—Notification is the process by which amendments made to objects are
notified to the various roles concerned with that object. The notification mechanism in
CIMM is mainly for keeping Actors aware of project changes and also supports the
automation of other information management processes such as approval.
Because of the great flexibility and object oriented nature of the Java
language, the latest COMMIT models are implemented in Java and these allow for the
run-time gathering of information about objects and their classes, something that was
not possible in C++. This is the most attractive feature of the language in relation to
the ADS project as it allows for schema evolution. The Java object-oriented approach
seems to offer a greater flexibility of system implementation and may deliver a better
system development solution. But what does object orientation mean from an enduser's point of view?
First of all, the designers will essentially work with an object-oriented CAD
platform instead of a non-objective one. This means that CAD operations can be
defined on a higher semantic level, which may appear more meaningful in the domain
of building design. And this may have further impacts on the communication and
coordination among members of a project team when referring to the semantic
contents rather than the CAD syntactic contents. Secondly, from a decision support
point of view, records of design decisions as formed by designers are not only static
“containers” of information regarding what and why particular decisions being made
but also dynamic “objects” that can “behave” in certain ways according to the
intended uses of these records. A good example is the triggering off of notifications
sending based on the detection of overlapped CAD elements or components involved
in any two or more decisions. Another important aspect in using decision records is to
do with search and retrieval. If we treat a design decision record as a complex object,
different ways of retrieving decision records can be defined by different methods
applicable to the various component objects that constitute the records.
So, what is it like for designers to work with the CIMM management
methodology? Typically, a designer logs onto her workstation (Client) and asks for
some project dataset (a drawing or a model). The Server workstation provides her
with the requested dataset. At some stage, the designer decides to make changes on
some part of the dataset. Designer’s Client workstation updates the Server
workstation, and the Server uses CIMM to establish notifications. The Server then
updates other Client workstations used by other designers working on the same
project. Information regarding any change may be recorded which is then
linked/tagged with the (CAD) objects that are associated with the decisions or
changes. The objects managed by CIMM can be a drawing layer in MicroStation/J, an
object type or an instance of object type appeared somewhere in the design file.
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4 GENERATING AND RETRIEVING DECISION RECORDS
Having explained our case study of design decision-making process and the ADS
object-oriented information management framework, we shall in this section discuss
some of the details of generating design decision records and how they may be
retrieved under various circumstances. The idea of “Taxonomy of Design DecisionMaking” is first introduced; we then discuss the requirements for searching, browsing
and navigating decision records. In response to the requirements, the designs of the
graphical user interfaces are presented. Finally, we describe how the entire ADS
framework will be put into field test in a real-world live design project.
4.1 Toward a taxonomy of design decisions
The idea of establishing “taxonomy of design decisions” emerged from our research
into the possible ways of capturing design rationales from designers' actions
performed on a CAD platform. It seems to us that we may experiment with a generic
classification scheme that may cover most if not all kinds of design decision-making
in the processes of building design. Basically, we can classify design decisions into
various groups in terms of declaring “This decision is made because of X,” or “The
decision made is mainly to do with X.” Typical examples of X are Building
Regulations, Clients' Requests, Suppliers' Constraints, City Authorities' Review, or
Designer's Own Judgements, and so on. To provide designers with a taxonomy as
such may be perceived by the users as some kind of prompts when entering the design
intents or rationales into the ADS database without constructing the rationale
descriptions entirely from scratch. As a research hypothesis to be further verified, we
consider that a taxonomy of design decision is useful because of the following:
(a) Post Analysis: Design intents or rationales entered by the designers through the
taxonomical interface can generate data records that will allow for further analysis
after a project is completed. (For example, one can look at the history of a
particular project through the distribution of design decisions made among the
resultant taxonomical types and identify where and why certain aspects of design
development have been problematic.)
(b) User Interface: A well-defined and designed taxonomy can enrich the user
interface so as to help the user to think about design rationales at the time of
making those decisions.
(c) Work Efficiency: A taxonomy can provide efficiency in recording design
rationales if the designer does not have something specific to start with at the time
of making the decisions.
(d) Data Organisation: Each attribute of the taxonomical structure (template) can be
used as a data entry to index and characterise design decisions so also to enable
the organisation and search of recorded decisions.
The provision of a taxonomy of design decisions within the ADS framework is
therefore mainly to facilitate the generation and use of design decisions during and
after design development. However, we should make it clear that the taxonomy can
only be an open-ended scheme in which the end users can define and extend the scope
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of the taxonomy at any one time to reflect the demands of the project as it develops.
We also understand that design decisions may not be attributed in simple or general
taxonomical terms, and the system should aim to preserve the “context” as much as it
can. Consider the following instances:
“Who is the generator of the constraints-it is not only who made the change, but also
who initiated that change?”
“Are constraints generated internal or external to the problem?”
“Has some new information arrived or not, from whom has it arrived?”
“What is its current status?” (for example, Compulsory, Optional, Exploratory,
Temporary, Permanent etc.)
“We have to provide in the interface a space to input information about decisions
made even if they have not triggered any change to the model yet.”
4.2 Forming an ADS design decision record
If a designer is given the ADS tool to work on a design project, he or she may
generate an ADS decision record as a result of the session of work. The decision
record generation process can be described briefly as follows: the designer logs on her
client workstation and get access to a project CAD design file stored in the project's
server workstation. The designer then works on the design file for a while, adding
new design elements and changing some parts of the drawing. When she decides to
end the present design session at some point, an ADS window opens, prompting an
interface for entering various decision data (see below for more details). The ADS
manager will also display all decision records that are affected by the current
proposed decision. After inspecting the affected decision records, the designer then
confirms the transaction (from the client workstation to the server workstation) to go
ahead and thus generates a new decision record. The designer may decide not to
maintain all the additions and changes made previously in the light of the existent
decisions affected; she will then make further changes before confirming the
transaction.
An ADS design decision record is therefore a complex dataset which is formed by
generating and making connections among at least six types of data (Figure 2):
(1) The CIMM management attributes—The CIMM Manager deals with the
information regarding “people” involved in a building design project. Members of
the project can generate a member profile by addressing the following attribute:
Actor (Title, Name, Phone, Email, Fax, etc.), Role (The roles as played by the
members of the project team), Default Authorities (Object Type, Role, Methods),
Specific Authorities (Object Instance, Role, Methods).
(2) The ADS taxonomical attributes—The ADS Decision Record Generator deals
with the information regarding the contents of design decisions made by members
of a design team. Designers can initiate the generation of an ADS Decision Record
by invoking the Generator and specifying the values of the following taxonomical
attributes: Date and Time, Project Title, Design Stage, Internal Constraints,
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External Constraints, Status, Initiation, Objects/Components. The ADS may
provide the end-users with an initial set of attributes, but the end-users should be
able to extend the range of attributes at any one time.
(3) CAD transaction—All the identities of the CAD elements or components involved
in any transaction as recorded by the ADS Event Listener. An ADS Decision
Record contains a single or null CAD transaction. A single CAD transaction can
in term contain one or multiple CAD events recorded by the Event Listener.
(4) Description of design intents/rationale—Input of textual descriptions in a natural
language (English) of what the designer thinks of the reasons behind a design or a
design change. The contents of the rationale descriptions can be searched by the
ADS search engine in terms of keywords. Intent representation promotes Actor’s
understanding of the reasons for project changes, which in turn reduces problems
arising from misunderstanding intentions. The intent behind a decision is recorded
explicitly by a Statement of Intent, but also implicitly by the relationships which
exist between a decision and the object versions which influenced it.
(5) Affected and pending design decisions—Any two design decisions are said to be
affected by each other if the two decisions contain at least one common CAD
element or component that takes part in the transactions. Furthermore, we say that
a Decision A, taking place at the time a, affects forwardly a Decision B, taking
place at the time b, where b is a point in the future relative to a, even if Decision B
is not yet formed at the time of a. Alternatively, Decision A affects Decision B
backwardly if A is formed after B was formed. We would think most design
decisions to be affected backwardly (i.e., a newly formed decision has
implications on some of the decisions already formed in the ADS repository of
decision records). However, it is not unusual that a designer may come up with a
decision to be recorded that he or she thinks it need be reconciled by someone in
the team at some point in the future when a particular piece of information is made
available at that time. Let us consider a hypothetical case of a forward-affecting or
pending decision:
“Change the colour specification of Wall of type A into Pink when the Supplier
confirms the availability of Paint Paris. Inform Ian Palmer or Gordon Tero to
make the change when Paint Paris' availability is confirmed.”
The declaration above is logged with the CIMM manager as a “pending” decision
that will affect further decision-making in the future by the named persons. A
request of confirmation message may be automatically generated and sent to the
Supplier's site regarding the availability of the paint named Paris. More
importantly, the pending decision regarding the paint colour of Wall_a will be
generated and displayed on Ian Palmer's and Gordon Tero's ADS Pending
Decisions Panel, as a persistent reminder for Ian and Gordon to keep an eye on
this issue until it's resolved. We can imagine that a number of forward-affecting
decisions may be shown in the Pending Decision Panel that belongs to a particular
Actor of the project team whenever he or she starts a CAD working session on the
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project. With this system feature, we expect that designers can record forwardaffecting decisions at any point of project development and the team members
responsible for these pending decisions can keep track on their resolutions.
(6) Hyperlinks to other related documents—A design decision may be made in
relation to other information that is stated in other documents such as minute of a
project meeting with the client, a WWW page showing a building component
product etc. We include the facility for making hyperlinks to related documents in
the process of forming an ADS decision record. When a record is retrieved, all the
hyperlinks declared in the record can be activated so that the viewer can get access
to the information that may have been an important backup for the decision made.
Figure 3 shows a snapshot of an outline design of the user interface for generating
an ADS design decision record.
4.3 Retrieving, browsing and navigating ADS decision records
As said earlier, an ADS design decision record is formed immediately after each CAD
transaction is executed. Designers do not need to provide all the information that will
be managed by the CIMM/ADS Managers. The level of granularity regarding each
design decision is left entirely to the end-users to decide. As there are no formal rules
of how many CAD events captured may constitute a single CAD transaction, a
designer can form a decision record on the basis of a few design events or hundreds of
them. It is therefore likely that hundreds or even thousands of decision records are
generated and stored in the ADS decision record repository during the lifetime of a
single project. Ways of searching and retrieving the records must be provided by the
system to enable the browsing and navigation of decision records. Conceptually, the
ADS decision record repository should be searched by constructing query in terms of
the following.
The CIMM attributes—The attributes specified by members of a project team
to Actor and Role as defined by the CIMM management model can be treated as
markers of decision records to enable record retrieval. For instance, one can ask the
ADS record retriever to show all the decision records authored by the Actor named
Ian Palmer or by the Role of Project Manager.
ADS taxonomical attributes—The taxonomical attributes once specified by the
designers can also serve as another kind of indexing elements for identifying a cluster
of decision records. For example, decision records can be retrieved in terms of at what
Design Stage they were formed. Alternatively, a combination of several taxonomical
attributes can define a more focused search and retrieval (decision records regarding
LOBBY on LEVEL 2 during STAGE B, for instance).
Keywords in design intent/rationale records-Descriptions of design intent and
rationales are entirely open-ended datasets as they are formed by decision-makers'
writing in a natural language. Nevertheless, these descriptions stored as text files can
be searched in terms of Keywords just as any other textual documents such as HTML
or PDF.
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Figure 2. Types of data constituting an ADS design decision record

Figure 3. An outline design of the user interface for generating ADS decision
records.
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With this feature in place, a user can ask for the decision records regarding all the
decisions made about, for instance, FUME PROPAGATION through Rationale
Keyword search, which may have not been pre-defined in either the existent CIMM or
ADS taxonomical attributes.

Figure 4. An initial design of the user interface for examining retrieved decision
records as well as pending decision records to be attended to.
An end-user (project designer or the client) may submit a query constructed by
combining some or all of the above entities in either conjunctional (AND) or
disjunction (OR) relations. The ADS system will then retrieve all the decision records
that match the user's search criteria. The records retrieved can be further applied with
some sorting or ordering functions to enable more effective navigation. Among other
retrieval features we would like to establish, the ability to retrieve the CAD
components as identified in the CAD transaction record is much valued by our
collaborating design practitioners. We are now exploring options as how graphical
elements or components in a CAD file can be retrieved and displayed within the ADS
decision record display interface while seamless browsing and navigation of the
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records retrieved would not be interrupted. Figure 4 illustrates an outline design of
the user interface for examining retrieved ADS decision records.
Another no less important issue is how we envisage the uses of ADS decision
records by non-professional designers such as clients who may or may not be able to
operate a particular CAD platform when accessing to these records as generated by
the design teams. For instance, if the Marks and Spencer Manchester project were
developed along with the ADS system, would the clients need to view the ADS
records within the MicroStation/J platform, or the clients can actually search and view
the records in some other stand alone publicly available reader/viewer software
without relying on MicroStation/J? Certainly, the latter approach will promote wider
usability of the ADS decision records once generated. Further consultation with our
collaborating design practitioners as well as other collaborators representing a
client/user body may clarify this issue in the next stage of system development. The
challenge for us is to develop the ADS prototype that may satisfy the needs of
different groups of users: on one hand, from the designers' viewpoint, the ADS tool
can be operated directly inside a CAD platform when generating design decision
records, while on the other hand, from the client's view, the generated ADS decision
records can be searched and viewed independently from any specific CAD platforms.
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