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Abstract

This paper investigates the use of typological knowledge in the visual modality through a computer framework that
combines multidisciplinary technologies from computer science, that is, artificial intelligence, software engineering,
database system, and programming language, to help provide solutions and services to building designers. The solving
of design problems frequently involves visual thinking, which has to do with the intensive use of visual knowledge like
pictures, images, and other types of visual displays. The recognized power of typological knowledge in design problem
solving is applied to support the exploration of a diversity of possible design solutions represented in a pictorial mode.
The innovative use of computer science technologies enables a smooth link of visual typological knowledge with the
design goals. Within the framework, a core technology was designed to respond to a designer’s specific needs through
dynamic user viewpoint generation, so that design solutions are associated with relevant~retrieved! visual typologies
from the knowledge base. This has been achieved in a two-way process, in which the designer establishes an interactive
dialogue with an experimental computerized framework.

Keywords: Architectural Design; Design; Design Process; Knowledge-Based Systems; Typological Knowledge;
Visual Thinking

1. INTRODUCTION

Typology can be regarded as a particular way of thinking
that is very helpful in understanding the complexity of new
elements in terms of known elements. A characteristic of
the concept of typology is that it enables an understanding
of objects according to relevant and well-structured knowl-
edge. In the field of architectural design, typology is con-
sidered as a rigorous method for analysis, organization, and
classification of a variety of buildings into representative
classes~Lawrence, 1994; Schneekloth & Franck, 1994!.
The abstract level of representation of typological knowl-
edge can also contribute to the production of conceptual or
schematic designs. These are prolific in the early stages of
the design process where initial conditions and goals are
not completely defined. Since conceptual designs are based
on fuzzy and ambiguous knowledge, typology is of great
assistance for representing knowledge in a schematic and

conceptual level, as is required at that stage of the design
process. One priority in solving design problems is to turn
them into well-defined problems~Simon, 1981!, where goals
and requirements are knowna priori. It happens that in the
early stages of the process, typological knowledge can also
facilitate the transformation of the ill-defined structure of
design problems into well-defined ones.

While solving design problems, designers very fre-
quently use to employ visual thinking. Visual thinking is
strongly related to the use of all kind of visual displays such
as images, drawings and pictures, which contain informa-
tion that is presented pictorially~Goldschmidt, 1995!. This
information can be useful for supporting the exploration of
multiple solutions that are relevant to the design goals. Since
designers use to perform design tasks surrounded by a pic-
torial environment, it is believed that applying typological
knowledge in a visual modality~visual typological knowl-
edge! can be a suitable tool for solving ill-structured design
problems. Due to the tremendous power for representing
relevant and well-structured knowledge in an abstract and
graphic way, visual typological knowledge is proposed to
be a powerful design problem-solving aid. However, com-
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mon problems in using visual typological knowledge are in
retrieving and optimizing solutions according to a design
problem, that is, how typological knowledge can help turn
the ill-defined nature of the design problem into well-
known goals and well-defined requirements. This work at-
tempts to answer these questions by describing a possible
use of visual typological knowledge through the develop-
ment of a computerized model for the domain of architec-
tural design. However, far from being a fully implemented
system, the computerized model presented in this vision
article should be considered as an attempt to investigate the
feasibility of adopting a new approach to tackle current
limitations in the fields of AI and design. To demonstrate
the concept, design dwelling is considered as domain knowl-
edge. A particular focus is set on the description of formal
and functional aspects of this domain knowledge. The work
studies the role of a computer framework in helping build-
ing designers to achieve satisfactory design solutions by
applying visual typological knowledge. The framework com-
bines multidisciplinary technologies from computer sci-
ence, such as artificial intelligence, software engineering,
database system, and programming language to support the
provision of formal solutions and services to building
designers.

2. BACKGROUND

2.1. Typology

What is typology? Moneo~1978! defined typology as a
concept that allows the organization of a group of elements
characterized by a similar structure, within the same cat-
egory. Typology is regarded as a class or group of elements
or events that can be classified according to a number of
characteristics in common. Typology can be considered as
a particular way of thinking that is very helpful in under-
standing the complexity of domain objects through more
typical and simple objects. These typological objects, con-
sidered as representative examples of a group, embrace
knowledge that is significant and essential for a particular
category, and discard irrelevant information. Thus, the con-
cept of typology contributes to understanding new and com-
plex objects in terms of known, relevant, and simple ones.
For example, a particular chair can be referred to a proto-
typical chair object. This can be decomposed into simpler

components, viewed and classified according to a defined
criteria such as legs, arms, geometrical and structural rela-
tionships between arms, sit, legs, and so forth.

In the 19th and early 20th centuries, with the renewal of
interest in abstract models, and under the influence of log-
ical thinking, the notion of typology gained central impor-
tance. Studies in typology arose as a common shared way
of thinking, offering an appropriate media for transferring
knowledge between different scientific fields such as social
and natural sciences, as well as medicine and mathematical
sciences. The architecture domain was also influenced by
typology, which provided a new approach to understanding
this discipline.

2.2. Typology as a tool of analysis and
classification: The architectural domain

Typology is a concept that enables the understanding of
building designs according to the relevant and well-defined
architectural principles~Fig. 1!. We can illustrate the case
of Durand, who, at the end of the 18th century, started to
analyze the analytical power of typology. His method en-
abled him to concentrate on common shared geometrical
properties of object buildings, and ignore other irrelevant
or very detailed characteristics~Vidler, 1977!. Rossi~1985!
also conceived typology as a tool of analysis that enabled a
focus on geometrical, technical, cultural, and historical
knowledge, which constitutes the reference of each design.
The method of typological analysis had an enormous im-
pact in the field of architecture, and influenced the way
buildings should be designed. The use of typology also
started to be considered as a rigorous method of classifica-
tion, which was highly instrumental in organizing design
objects into particular groups~Lawrence, 1994!. At the end
of the 18th century, Blondel grouped and studied different
building types in that period according to significant func-
tional aspects~Vidler, 1977!. In a similar approach, Moneo
~1978! considered the possibility of grouping buildings char-
acterized by common formal structures, or common rela-
tionships between their components. The classification of
typological buildings into limited or finite categories gained
more significance with the evolution of varied and more
complex designs.

Researchers like Schneekloth and Franck~1994!, and Law-
rence~1994! claimed that in the present time, typology con-

Fig. 1. The role of typology in the architectural domain.

4 H. Casakin and W. Dai

https://doi.org/10.1017/S0890060401020029 Published online by Cambridge University Press

https://doi.org/10.1017/S0890060401020029


tinues to be used as an analytical and classification tool to
help understand continuities, similarities, and variations of
different designs through history. These aspects were con-
sidered critical for reducing the infinite variety of detailed
buildings to more structured and abstract categories of rel-
evant and representative designs. Considering the power of
typology, an important question to be addressed in this study
should be how to make available and use relevant typolog-
ical knowledge to help solve a design problem.

3. TYPOLOGY AND DESIGN PROBLEM
SOLVING

3.1. Design problems

A fundamental distinction between well-defined problems
and ill-defined problems was established by different theo-
rists~Reitman, 1964; Gero & Maher, 1993; Mitchell, 1993;
Goel, 1995!. The problems that have fully specified initial
conditions, clear goals, and means of transforming condi-
tions are termed well-defined problems~e.g., Medin & Ross,
1990!. When using an adequate algorithm to find possible
solutions that satisfy the initial requirements, a well-
defined problem is called routine~Mitchell, 1993!. Ill-
defined problems, on the other hand, can be described by at
least one of the following characteristics:~i! no clear initial
requirements;~ii ! no completely defined goals; and~iii ! an
extensive~possibly unlimited! number of solutions that can-
not be reached through a general algorithm~e.g., Reitman,
1964; Gero & Maher, 1993; Goel, 1995!. Because of the
above reasons, ill-defined problems cannot be solved by
using an algorithm, and thus are termed as nonroutine
problems.

The scope of this study will focus on design problems
which, due to their nature, are generally known as ill-
structured or ill-defined problems. In design, solutions are
generally ambiguous or controversial because the initial de-
sign problem requirements cannot be totally predeter-
mined. Since it is impossible to predict whether an algorithm
will be able to answer unclear requirements, it is not possi-
ble to solve design problems in a routine way or using a
specific algorithm. It was noted before that a critical aspect
of dealing with design problems is to turn ill-defined prob-
lems into well-defined ones~Simon, 1981!, which can be
solved in a routine way. In this paper, it is proposed that
typology may be used as a powerful tool to meet the above
objective.

3.2. Typology and design problems

The rational approach of modern theoreticians welcomed
typology as a valid instrument for aiding design problem
solving. The use of typology in design contributes to the
understanding of objects at an abstract level, and helps dis-
tinguish between practical working knowledge and a super-

ficial one. It is proposed that the typological criteria or
typological knowledge needed to establish such distinc-
tions can also play an important role for clarifying both the
lack of definition in initial problem requirements and ill-
defined goals, which, as it was noted before, are common
characteristics in design problems. The typological criteria
is expressed in terms of computing rules allowing a com-
puter framework to interact intelligently with designers in
identifying and applying suitable design knowledge. The
role of typological criteria is further described in Section 5,
where the example use of visual typology is shown at a
particular stage of the design process. Given the fact that
the application of an algorithm does not allow us to solve
design problems in a routine way, typology can be used as
an effective instrument that may help analyze, categorize,
and organize concepts and principles related to design. In
this view, the computing concept of type can be used as an
operative tool for design practice~Lawrence, 1994!.

While a designer struggles to clarify the inconsistencies
through exploration of alternative conceptual designs, dif-
ferent solutions are verified and the problem is decomposed
into subproblems~e.g., Purcel & Gero, 1998!. It is claimed
that in the design process, decisions are generally based on
existing solutions, which may constrain alternative designs.
Examples can be found in building design and construc-
tion. Decomposition of a design problem into small prob-
lems often results in conflicting situations, where a solution
for specific subproblems may not always satisfy other sub-
problems. When this happens, further development on the
design process seems to be difficult. Symes~1994! sug-
gested that a possible way to overcome such conflicts is to
simplify design decisions to an irreducible set. The domain
of dwelling units, where a large number of crucial decisions
should be taken to satisfy conflicting design constraints,
can be considered as an example to be pointed out. It is in
this specific context in which a well-established body of
typological examples can play a key role in the assessment
of design decisions, the understanding of complex design
relationships, the proposal of alternative conceptual design
solutions, and the integration of partial solutions into a co-
herent whole. In Section 5, an example of an interactive
session between the designer and the use of typological
knowledge will be presented.

Far from being an obstacle to develop an original solu-
tion, using typological knowledge is believed to support
the development of a designer’s personal intentions. In this
vein, Bohigas~1985! proposed that typological knowledge
must be taken as a hypothesis based on historical experi-
ence, whose validity should be demonstrated through the
individual design process. Therefore, typology should not
be viewed as a normative pattern, but rather as a reference
to guide the design process. Since design consists of gen-
erating and transforming images for the production of new
forms, it is maintained that a large number of designers use
visual thinking routinely~Goldschmidt, 1995; Casakin,
1998!. Typology can be adjusted and submitted to meet
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new requirements once a design plan has been modified
~Robinson, 1994!.

3.3. Visual typological thinking in design

Reasoning is not only related to the manipulation of words.
In fact, there is evidence that most creative scientific rea-
soning in a variety of domains such as mathematics and
physics is based on the perceptual experiences rather than
words. Reasoning through visual images has always been
considered useful in creative design tasks~e.g., Arnheim,
1969; Holgate, 1996!. The act of design is based on a fluent
use of visual stimuli like images and drawings. Visual rep-
resentations such as sketches, diagrams, or drawings are
regarded as a useful tool for supporting visual reasoning,
which is essential for generating ideas and new designs
~e.g., Goldschmidt, 1995!. When exploring alternative de-
signs, the designer is usually surrounded by a large visual
environment, which affects the use and generation of visual
representations. Such visual displays may pertain to the
same domain as the design problem at hand or to another
domain. When the visual display and the task belong to the
same or very close domains, the visual representation is
called within-domain display. Visual information in the form
of typological dwelling plans~see Fig. 2! can be considered
as an example in the field of architecture.

Goldschmidt~1995! noted that visual displays contain
information that is represented pictorially, as is needed in
the design process, and this new graphic information can
help explore multiple solutions. Meaningful visual displays

may contain valuable clues that can help retrieve or use
relevant visual displays stored in the designer’s memory as
part of past experiences~e.g., Schon, 1988!. In a series of
studies on the effect of visual displays in design, Gold-
schmidt~1991! argued that the identification of emergent
visual clues is possible due to an interactive dialogue be-
tween stored displays and new displays. The interactive
dialogue is also accounted by researchers like Beittel~1972!,
who studied the exploitation of potential creativity in artis-
tic drawings, as well as Casakin and Goldschmidt~1999!,
Downing~1994!, and Schon~1983!, who also discussed the
subject’s interaction with his or her images during the de-
sign process. This prolific two-way process is controlled by
context-dependent concepts, or criteria applied to give mean-
ing to the emergent displays. The utility of the interactive
dialogue in design can be emphasized by considering the
intuitive power of graphic displays driven by visual typo-
logical knowledge. In this process, the creation of new de-
signs or reinterpretation of already known designs,~a new
way of perception! can be assisted by visual representations
containing typological knowledge. Through a collection of
visual typology displays, the designer can be equipped with
essential information related to the design goals~see Fig. 3!.
Due to its potential to depict relevant visual knowledge in
one single pictorial representation, typological knowledge
is viewed as a powerful design aid. It is proposed in this
article that the abstract level of representation of visual
typological knowledge can contribute to unify discon-
nected ideas and clarify fuzzy ones for the production of
conceptual designs, which are particularly important in the

Fig. 2. Visual typology in the design domain.
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early stages of the design process. This is again supported
in Section 5, where an example of a conceptual use of vi-
sual typology is presented.

3.4. Models of typology in design

Different researchers have been modeling the use of typol-
ogy in design. Mitchell~1989! studied the concept of archi-
tectural vocabulary through the analysis of formal typologies
in classic architecture. Through the specification of a set of
rules, he tried to represent typological objects such as fa-
cades of classic buildings. Rules were formulated in terms
of different types of component shapes~pedestal, column,
and entablature! and their specific relationships, and were
executed to produce instances of the component type. In
this approach, the rules were instantiated in a top-down
design process in which the designer could start from a
very abstract definition and sequentially refine it into a de-
tailed instance of the type. The final goal was to produce a
complete design through the solving of a sequence of sub-
problems. If executed in a bottom-up recognition process,
the rules could be used to determine whether or not a given
object could be an instance of a more general type. In Mitch-
ell’s example, the designer could look for different classical
vocabulary elements, and then recursively verify that they
were correctly combined to form classical objects. In a sim-
ilar approach Casakin~1993! studied the top-down process
through the formalization of a typological model of patio
houses. In this study, instances of the typological model
were hierarchically refined from an abstract state to a more
detailed one, until arriving at an appropriate solution. This
process was controlled through criteria based on initial de-
sign requirements. In another study, Wojtowicz and Fawc-
ett ~1986! showed different examples of master architects
who allegedly used top-down and bottom-up processes to
generate their designs~e.g., Louis Kahn’s Richards Medi-
cal Laboratories, and Le Corbusier’s Villa Savoye!. How-

ever, these illustrative examples were presented as a post-
fact analysis and description of design processes. Thus, it is
not clear whether buildings were designed through the use
of the described typological methods; the application of
such methods was rather speculative and allegorical. Al-
though being of interest in the modeling of the design pro-
cess, these methodologies are deemed not to be very effective
in solving design problems. These approaches enable the
organization of design knowledge according to established
criteria that may not always be considered as appropriate or
relevant for the individual goals of the designer. Research-
ers like Mitchell ~1989! claimed that a great disadvantage
of these models is that purely bottom-up and purely top-
down approaches are difficult to find in real design prac-
tice. Rather, the complex and rich nature of the ill-defined
and nonroutine design process invites a combination of these
and other unpredictable design strategies that may be useful
in solving the problem at hand. Although this is particularly
true for design problems, none of the studies illustrated
before seemed to focus on this important aspect. In the
solving of ill-defined problems, an interactive dialogue be-
tween the designer and his design resources has been shown
in a reflection-in-action paradigm~Schon, 1983!. In this
view, rather than applying a sequence of logic steps, the
designer uses individual strategies to accommodate his goals
and desires to the existing solutions until finding a satisfac-
tory solution. Other studies~Goel, 1995; Suwa & Tversky,
1996! that dealt with the interaction between designers and
external representations in a design process focused on re-
interpretation of emergent potential design solutions. The
work presented in this paper applies typological knowledge
for ill-defined design problems, and concentrates on the
concept of visual typology in particular, by simulating an
interactive process for designers based on their visual think-
ing capabilities. Applications of visual typological knowl-
edge are explored through a computer framework that links
design tasks with appropriate solutions.

Fig. 3. Visual typology in design problem solving.
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4. TYPOLOGICAL APPROACHES IN THE
DOMAIN OF DWELLING

The use of visual typology is particularly relevant to the
design of dwellings, where an organized study is possible.
Dwelling variations seem to be unlimited, but in fact there
are a few basic groups or categories within which dwelling
types can be classified. Although different construction tech-
niques, building regulations, and housing requirements have
a clear influence on the design at any time and in any cul-
ture, only a limited number of dwellings types can be found
through history~Deilmann, 1979!. The designer is faced
with common formal and functional constraints that can be
grouped into a few categories according to cultural conven-
tions. A number of studies in housing literature can be cited.
For example, Deilmann~1979! suggested that dwellings
consist of repeating units with a constant relation to vertical
and horizontal circulation, so that a systematic approach is
possible in terms of typological variations. The system of
categorization defined by Deilmann is mainly based on psy-
chological and sociological requirements, which have a di-
rect influence over formal and functional organizations of
the dwellings. In a formal-functional approach, Hoffmann
~1967! classified housing into two general typological groups
that consisted of the number of terraces, and the number of
relative position of the patios. Sherwood~1978! established
a hierarchical system of classification that ranges from the
universal to the specific, and also includes functional and
formal elements. The topics of concern are the closed and
open built borders, the proportion of the building plan, the
arrangement of core elements in relation to the length of the
building’s sides, and the relative position of the staircases
as an organizational element of the functional structure of
the dwelling.

In the previous sections, we referred to the importance of
typology as a tool for analysis, clarification, classification,
and organization of knowledge, and we have manifested
our particular interest in using typology as an aid tool for
the process of design problem solving. Typological think-
ing is related to visual thinking, which plays such a prom-
inent role in design. In the second part of this study, we will
move one step further to develop a computerized model,
which digitizes visual typological knowledge and makes it
computable. The utility of this model will be exemplified
through a simulated interactive design process. In this con-
text, a set of rules describing relevant examples of visual
typologies~combining visual and typological thinking! in
the domain of dwelling design will be presented and used
as a design aid. The product from such a model is a soft-
ware system that provides solutions and services for build-
ing designers by using leading-edge multidisciplinary
technologies from computer science. The system effec-
tively supports dynamic retrieval and application of visual
typological knowledge to help achieve satisfying design
solutions. In the following sections, we describe the model
and its contribution to design problem solving, and we il-

lustrate an example of an interactive design session based
on the use of visual typological knowledge.

5. ASSOCIATING VISUAL TYPOLOGY WITH
COMPUTER FRAMEWORK

The approach to provide effective use of visual typological
knowledge and to present the service in convenient forms
to users~i.e., designers! is to link the domain practice~e.g.,
traditional concepts, facts, and problem-solving approaches!
with a computing framework. The framework is used to
provide digitization and computerization~a way to put
knowledge into computable forms! of typological knowl-
edge and to offer solutions on a variety of design-related
tasks. The framework is to ensure conceptual expectations
and requirements are delivered in practice. This would re-
quire the computer framework to be capable of dealing with
complex and different types~often in large scale! of infor-
mation, and to be able to provide flexible and robust solu-
tions. The main purpose of the framework is to link designers
with appropriate design information~e.g., visual typology
information! dynamically to assist creative design which is
also complying with design requirements. This will be
achieved through the effective processing of visual typo-
logical knowledge leading to design information retrieval
and interpretation by the framework software modules. The
framework combines techniques from a variety of com-
puter science techniques that include AI, component-based
software engineering, database, and so forth, to support
large-scale applications on complex problems. It was based
on the initiatives of integrating AI and conventional tech-
niques within a software development environment~Dai &
Wright, 1996!, and was further advanced through several
industrial applications. Below is a functional description of
the framework software modules. Although the modules
were originally designed to serve generic application pur-
poses, they have been effectively tailored to meet applica-
tion requirements. The software modules are organized in a
layered architecture~see Fig. 4!. At the bottom layer of the
framework is located commercial database facilities includ-
ing object and relational database systems to handle large
volume of data storage and retrieval. Above the database
layer is located the database access template so that under-
lining database details are hidden from the users~most of
them are software developers! to provide database access
convenience. Above the database access layer are the knowl-
edge primitives that carry out primitive operation on vari-
ous intelligent tasks.

Other use of these primitives were described in Dai
~1998!, focusing on software components retrieval and pack-
aging. The packaged software components can lead to the
application-specific products or knowledge management
tools. Knowledge management tools provide services on
various knowledge management requests such as creating,
maintaining, and applying knowledge in relation to an ap-
plication domain~i.e., visual typology knowledge for the
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proposed framework!. At the framework level is located
the user~designers in most of the situations! front end,
where support for visual typology can be directly applied.

5.1. Typological information granulation

To digitize useful information and make it computable by
the framework, there is a need to establish a domain knowl-
edge base that is a separate physical component of the frame-
work. In this section, we describe in detail this knowledge
computerization process. The first step is to identify the
fundamental information elements involved. These ele-
ments are going to form various domain knowledge and
information required for problem solving. Here we focus
on three types of information, that is, knowledge, tasks, and
system state information. Knowledge is about the approach
or experience of how a domain~design! task is solved. Sys-
tem state information is the available data that the system
can use in a knowledge-driven problem-solving process,
which includes the system’s understanding~the mental state!
of its environment. System state information usually con-
tains domain facts and the results produced during the
problem-solving process; in this case, these results become
the temporary facts of the system. The task information
focuses on the various features and structures associated
with the task. It is possible that system state information

may be obtained from the task information once the task is
well defined, for example, when a drawing~a design task!
is received. The main role of the system state information is
to assist and guide the inference component in the direction
and strategy to be applied at various stages of the problem-
solving process. The general relationship among those sys-
tem components is that a domain task is answered by
applying relevant knowledge on the system state data store.
The objective of information granulation is to identify and
accumulate data and knowledge related to visual typology
practice in design. Through information granulation, visual
typological knowledge, design tasks, and domain facts are
put into computable forms. Classification of the informa-
tion is discussed in the following sections.

5.1.1. Knowledge

Design knowledge is to ensure that a visual thinking ap-
proach is applied effectively on various tasks. The knowl-
edge is represented as rules. Table 1 outlines a knowledge
representation template using rules. A rule contains several
parts. The left-hand side~LHS! describes all the conditions
that a rule must satisfy before conclusions can be made.
The right-hand side~RHS! contains all the conclusions.
The LHS or RHS is described by the object-attribute-value
template. The other part of the rule is the action~ACT!
section. The ACT contains all the actions to be performed

Fig. 4. Software infrastructure supporting visual typology in design.
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once the rule conditions are satisfactory. Each action has a
simple type of string. The rule template is given in Table 1.
More examples of the granulated rules can be found in
Section 6.

5.1.2. Design task

Domain task of the framework in this case is design
task. Design tasks are described in terms of data objects. A
data object is described by an arbitrary number of proper-
ties. The feature of these properties are their simplicity in
structure, generality for different tasks, and flexibility for
linking with a specific representation method, such as in-
ternational standard STEP and other research initiatives,
for example, the FBS model~Gero, 1990!. Domain task
model has been extensively tested in a wide range of ap-
plication areas. For this application, it satisfies various
requirements from the design perspective. The application
system~intelligent design tool! has been implemented to
work cooperatively with external systems including design
systems to provide integrated solutions. In such a situa-

tion, an external design task is converted~through an in-
termediate mechanism! into the system local task template.

5.1.3. System state

The system state information is about the system’s men-
tal understanding of its problem-solving status, for exam-
ple, what has been achieved and what is to be done at a
particular point in time, and known information being ob-
tained from design tasks and users~through human0computer
interactions!. System state information is also described by
data objects, and is closely associated with object technol-
ogy. The system state module offers a set of operation rou-
tines to provide communication services with external
systems working on different aspects of design tasks in a
collaborative way. Both system state data and domain task
data can be stored by object or relational database systems.

5.2. The use of visual typology: An example
of an interactive design process supported
by the computing framework

Since there is an agreement that dwelling is particularly
important in the domain of design, where an organized study
is possible, this domain will be considered as a major theme
for the study of typology. Particularly, we will concentrate
on the formal and functional aspects of the dwelling which
play such an important role in design problem solving~see
Fig. 5!. For this reason, the work of Sherwood~1978! will
be taken as a main reference for including some typological
examples in the domain of dwelling.

Dwelling examples are considered in order to demon-
strate possible uses of visual typology as an aid tool in
design problem solving. For this purpose, we propose that
one of the examples illustrated in the next subsection, the
Dwelling “D”, as a starting point. This case represents an
instance of a certain stage of the design process in which
the designer has decided to arrange the services and stair-

Table 1. Rule representation template

RuleID
$LHS

Premise1: Object-Attribute-Value;
. . .
Premisem: Object-Attribute-Value;

RHS
Conclusion1: Object-Attribute-Value;
. . .
Conclusionn: Object-Attribute-Value;

ACT
Action1: String;
. . .
Actionp: String%

Fig. 5. Main aspects of the typological domain example.
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cases in an internal zone that has no contact with the exte-
rior ~See Fig. 9!. Moreover, in order to organize the internal
space of the unity, he decided that these functions should be
arranged in parallel and adjacent to the longest side of the
dwelling. While visualizing the alternative design solution,
the designer notices a new problem in which the internal
arrangement of the kitchen has no contact with the exterior,
and therefore requires mechanical ventilation. In a follow-
ing step, the designer turns on the visual information ser-
vice in order to inform the computerized design tool which
requirements have been satisfied and which requirements
still need to be achieved in this specific design stage. The
designer presents additional information about his or her
clear intentions to provide the kitchen with natural ventila-
tion. The system identifies the specific design task of pro-
viding a naturally ventilated kitchen, and stores it within
the domain task module of the design system~at this stage
the designer is able to have a clear solution direction in
mind!. The goal-directed inference strategy is then invoked
to lead the designer throughout the process~for goal-
directed inference strategy details, see Section 5.3!. More-
over, in order to verify which design requirements have
been met and which ones still need to be met, the system
checks the problem-solving status, verifies the system state,
and starts inspecting its knowledge database~at this partic-
ular stage, the outcome is uncertain!.

Event driven is the suitable inference strategy to be used
in this situation~for event-driven strategy details, see Sec-
tion 5.3!. The system detects that the designer has not spec-
ified if the kitchen should be allocated in the front or in the
back of the dwelling, and therefore starts an interaction
asking for more specific requirements. After the required
information is provided, the system searches for stored rel-
evant typological knowledge about examples of kitchens
that have one of its sides in contact with the exterior, and
are located in the front side of a dwelling. Due to the topo-
logical situation of the dwelling that has only two sides
open to the exterior, the system guides the search within
kitchens belonging to this kind of typological buildings.
When an appropriate solution is found, the inference com-
ponent of the system applies visual typological knowledge
to interact with the designer. The system acts on modifying
the current solution state, and proposes a new typological
solution that meets the specific designer requirements. In
this way, it replaces the existing internal kitchen mechani-
cally ventilated with another typological solution that has
one of its sides facing to the exterior~see Fig. 10!.

In the next step, the designer realizes that although the
current solution provides satisfactory conditions to answer
kitchen requirements, it generates large internal corridors
in each floor. This turns out to be a strong disadvantage,
since the dwelling is a very compact cell. The designer
once again turns on the visual information service and spec-
ifies this new problem. The system is informed about the
designer’s new intentions to check new requirements that
still need to be met. As a consequence, the designer informs

the system about the need for a modification in the position
and the structure of the staircases. So the problem contains
modifying the typology of the existing staircase located in
the middle of the dwelling in order to reduce the length of
the corridor that connects the front with the back. Once
again, the system checks the problem-solving status, veri-
fies the system state, and starts inspecting its knowledge
database on different types of staircases. A problem in con-
sideration is to preserve at least two meters height in every
point to enable a person to climb up without any difficulty.
The system detected a more compact typological case that
might solve the problem. When this solution type is finally
considered as an appropriate candidate solution, the system
acts to replace the current design state by bending and ro-
tating the existing vertical core, and arranging it transversal
to the largest side of the dwelling. In this way, the design-
tool succeeds in shortening the horizontal circulation in
each floor ~see Fig. 11!. In the last stage of the design
process, a new problem is detected. The designer informs
the computerized tool that although a compact solution has
been achieved, the kitchen has lost its adjacency with the
bathroom and thus, no common pipes can be shared with it.
Since common shared pipes is the new constraint, the de-
sign tool checks its data base for this kind of situation. It
starts looking for different kind of typological relationships
between bathrooms and kitchens, considering both ground
floor0ground floor and ground floor0first floor. The system

Table 2. Example of computable rule

Rule A
$LHS

Dwelling, is in between, two other dwellings
Dwelling, !has, external terrace
Dwelling, has, only a large side in contact with the exterior
Dwelling, has, three isolated sides from the exterior
Dwelling, is, one story
Dwelling, !has, courtyard
Dwelling, has, orthogonal internal partition
Entrance, is from, internal corridor
Entrance, is adjacent to, the bathroom
Entrance, is close to, the kitchen
Kitchen, has, one side in contact with the exterior
Bedroom, has, one side in contact with the exterior
Living room, has, one side in contact with the exterior
Bathroom and kitchen, share, common pipes
Bathroom, !has, side in contact with the exterior
Bathroom, has, mechanical ventilation
Bathroom, is adjacent to, the kitchen
Kitchen, has, one side adjacent to living room

RHS
Dwelling, has, single orientation
Dwelling, is, highly noise- and climate-isolated from the exterior
Dwelling, !has, internal vertical circulation
Kitchen, can be spatially connected with, living room
Large internal circulation, may be generated
Design A~the one from which rule A is based!, violates, principle of

double orientation%
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finds that kitchen is the only element that, for functional
reasons, should be located on the ground floor. Therefore it
deduces that an appropriate solution might be to change the
position of the bathroom up to the first floor. Consequently,

the system decides to present a new solution in which the
kitchen is moved to the center, and arranged under the bath-
room ~see Fig. 12!. This typological solution not only suc-
ceeds in answering current goals, but also succeeds in
preserving the previous requirement of short corridor.

It should be noted that this last requirement was satisfied
in a previous solution~Dwelling “D” !, but was modified due
tonewconstraints that required thedisplacementof thekitchen
to the exterior. This aspect illustrates that the design process
is not linear, but rather, the designer is engaged in a search-
cycle process~Casakin & Goldschmidt, 1999!. It is in this
search-cycle process in which the designer tries to clarify his
or her goals and requirements, and decomposes the problem
into subproblems~called goal directed or goal driven!. In this
search-cycle design process, checking out old partial solu-
tions can be considered more a rule than an exception. This is

Fig. 6. Dwelling example “A.”

Table 3. Rule describing typological knowledge of dwelling
type “B”

Rule B
$LHS

Dwelling, is in between, two other dwellings
Dwelling, has, external terrace in contact with more than one room
Dwelling, has, only a large side in contact with the exterior
Dwelling, has, three isolated sides from the exterior
Dwelling, is, one story
Dwelling, !has, courtyard
Dwelling, has, orthogonal internal partition
Entrance, is from, internal corridor
Entrance, is located between, kitchen and bathroom
Bedroom, has, one side in contact with the exterior
Living room, has, one side in contact with the exterior
Bathroom and kitchen, !have, side in contact with the exterior
Bathroom and kitchen, are adjacent to, the public corridor
Bathroom and kitchen, !have, shared mechanical ventilation
Bathroom, !is adjacent to, the kitchen
Bathroom and kitchen, are adjacent to, the building’s corridor
Kitchen, has, one side adjacent to living room

RHS
Dwelling, has, single orientation
Dwelling, is, highly noise- and climate-isolated from, the exterior
Dwelling, !has, internal vertical circulation
Kitchen, is, well spatially connected with, dining room
Location of kitchen and bathroom, is useful to isolate, noise from public

corridor
Internal circulation, is minimized
Design B~the one from which rule B is based!, violates, the principle of

double orientation
Design B, violates, the principle of common shared mechanical ventilation

between bathroom and kitchen%

Fig. 7. Dwelling example “B.”
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why the system keeps all the inherited successful knowledge
that has been completed prior to design requirements, and
also applies visual typological knowledge to satisfy new or
ill-defined requirements. However, in a certain stage of the
design process, it can frequently be the case that the designer
has no clear goals, in which case event-driven strategy will
be used to bring the designer into a more informed state. The
system therefore interacts with the designer and guides the
typological process of problem solving.

5.3. Problem solving: Linking design task with
typological knowledge

There are two types of the inference strategies involved
within the inference component, that is, goal directed~or
goal driven! and event driven. These strategies are linked
with different types of designers’ requirements or design
stage. For example, as shown in the previous section, if the
designer has a defined solution direction in mind, that is,
with the predictable outcome~e.g., applying specific design
knowledge with the clear intention of providing a kitchen
with external ventilation, or trying to organize the internal
space of a dwelling to enable main rooms be in contact with
the street or internal garden! goal-directed inference will be
invoked to lead the designer step by step throughout the
process. If the outcome is uncertain,~e.g., trying to dis-
cover design mistakes, or verifying what design require-
ments have been met!, event-driven strategy is more suitable,
in our scenario, turning on a particular service as described

Table 4. Rule describing typological knowledge of dwelling
type “C”

Rule C
$LHS

Dwelling, is in between, two other dwellings
Dwelling, has, external terrace in contact with more than one room
Dwelling, has, two perpendicular sides in contact with the exterior and

two other sides isolated from the exterior
Dwelling, is, one story
Dwelling, !has, courtyard
Entrance, is from, internal corridor located between kitchen and bathroom
Kitchen and bedroom and living room, have, contact with the exterior
Bathroom, !has, side in contact with the exterior
Bathroom, has, mechanical ventilation
Living room, is located in, one corner with two sides in contact with the

exterior
Bathroom and kitchen, are adjacent to, the building’s corridor

RHS
Dwelling, has, double orientation
Dwelling, is, highly connected with, the exterior
Dwelling, !has, internal vertical circulation
A large external perimeter of the dwelling, could have, climatic

implications
The open corner of the dwelling that faces the exterior, plays, a role to

articulate the two perpendicular facades of the whole building
The close corner of the dwelling that faces the public corridor, plays, a

role to shift direction in the organization of the other dwellings
Location of kitchen and bathroom, is useful to isolate, noise from public

corridor
Kitchen, is well spatially connected with, living room
Internal circulation, is minimized
Design C~the one from which rule C is based!, violates, the principle of

common shared mechanical ventilation between bathroom and kitchen%

Fig. 8. Dwelling example “C.”
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in the above section. The feature of goal-directed inference
is that the design task is processed by an inference compo-
nent of the framework. The inference component guides the
system problem-solving behaviors.

The process of applying typological knowledge may re-
quire additional information that cannot be generated through
deductions based on the knowledge of the inference engine.
Through design task information, the inference component
establishes its problem-solving state~from system state data-
base!. If the engine still cannot obtain all the necessary
information, it will attempt to obtain information directly
from the user~designer!. Relevant inference strategies will
be chosen according to task features and situations~as dis-

cussed previously!. The initial inference stage is called task
identification. Task identification is an information transfer
process where only the task-specific data is captured and
stored within the domain task module of the design system.
Design tasks are initiated according to a designer’s inten-
tions and activities. In the event-driven scenario, upon re-
ceiving a domain task~the task is normally initiated by the
user!, the inference component of the system applies visual
typological knowledge to facilitate an interactive design
process with the designer~for an illustrative example, see
the previous section!.

5.4. User’s view and computer interface

The philosophy behind the intelligent design system is
that within a design process, designers are provided and
presented with appropriate information and services at each
stage of the process. Designers use conventional design
tools to carry out design tasks. Through the link between

Table 5. Rule describing typological knowledge of dwelling
type “D”

Rule D
$LHS

Dwelling, is in between, two other dwellings
Dwelling, has, rectangular proportions
Dwelling, has, two short sides in contact with the exterior
Dwelling, has, large isolated sides from the exterior
Dwelling, !has, courtyard
Dwelling, has, external terrace
Dwelling, has, two stories
Dwelling, has, orthogonal internal partition
Entrance, is from, the exterior
Entrance, is from, the opposite side of the living room
Staircase, is in, the interior of the dwelling
Staircase, is located adjacent to and in the direction of the large side
Staircase, !has, contact with the exterior
Staircase, !is, adjacent to the kitchen
Bedroom and living room, have, one side in contact with the exterior
Kitchen, is, in the center of the dwelling
Kitchen, has, no contact with the exterior
Kitchen, has, one open side adjacent to the living room
Kitchen, has, another open side adjacent to the entrance hall
Bathroom and kitchen, !have, side in contact with the exterior
Bathroom and kitchen, share, common pipes and mechanical ventilation
Bedroom and bathroom, are located, on the second floor.
Bedroom, is over, living room
Bathroom, is over, kitchen

RHS
Dwelling, has, double orientation
Dwelling, has, a two-story facade that is exposed to external noise and

climatic conditions
Dwelling, has, internal vertical circulation which reduces horizontal

circulation
Central location of kitchen, bathroom and staircases, helps to generate,

two main isolated areas in the extremes
Central location of kitchen, bathroom and staircases, does not help

generate, large and flexible spaces
The open sides of the kitchen, enable, double orientation views from the

living room
Kitchen and bathroom, may not have, good ventilation
Location of bedroom in the upper floor, is useful to isolate, noise from

living room
Climbing up, may demand, some effort
Upper floor, is not spatially connected with, the lower floor%

Table 6. Rule describing typological knowledge of dwelling
type “E”

Rule E
$LHS

Dwelling, is in between, two other dwellings
Dwelling, has, rectangular proportions
Dwelling, has, two short sides in contact with the exterior
Dwelling, has, two large isolated sides from the exterior
Dwelling, !has, courtyard
Dwelling, has, external terrace
Dwelling, has, two stories
Dwelling, has, orthogonal internal partition
Entrance, is from, exterior
Entrance, is adjacent to, the kitchen
Staircase, is in, the interior of the dwelling
Staircase, is both adjacent to and in the direction of, the large side
Staircase, !has, contact with the exterior
Kitchen, bedroom and living room, have, one side in contact with the

exterior
Kitchen and bathroom, share, common pipes
Bedroom and bathroom, are located on, the second floor
Bedroom, is located over, the living room

RHS
Dwelling, has, double orientation
Dwelling, has, a two-story facade that is exposed to external noise and

climatic conditions
Dwelling, has, internal vertical circulation which reduces horizontal

circulation
The compact location of kitchen in one extreme, helps to generate, large

and flexible spaces in the dwelling
The location of the kitchen, presents, difficulties with double orientation

views from the living room
Kitchen, has, good ventilation
Bathroom, does not have, good ventilation
Location of bedroom on the upper floor, is useful to isolate noise, from

living room
Climbing up, may demand, some effort
Bedroom, is not spatially connected, with living room%

14 H. Casakin and W. Dai

https://doi.org/10.1017/S0890060401020029 Published online by Cambridge University Press

https://doi.org/10.1017/S0890060401020029


Fig. 9. Dwelling example “D.”

Fig. 10. Dwelling example “E.”
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the intelligent design system capable of offering typologi-
cal visual information service with conventional design
systems, designer productivity can be greatly increased.
The major role of the intelligent design system is to assist
designers within the design process to be creative and pro-
ductive, and to guide designers to comply with design
requirements. The system will provide designers with rel-
evant design information displayed through special view-
points driven by specific inference strategies according
tasks features~as discussed in the above section!. The warn-
ing messages will be displayed if any part of the design
violates design principles or building standards. As a re-
sult, a vast amount of information regarding design task
requirements and available assistance will be at the design-
er’s fingertips, and eventually adopted and tailored into
design practice through the~creative! mind of designers.

Designers are free to carry out their design activities as
usual, that is, without changing much of their work style. It
is the designer’s choice when to turn on the special design
service. When the service is on, each of the design activities
will initiate new events for the intelligent design system
working in the background to react and respond to accord-
ingly ~e.g., visual information service, or checking service!
in a user-understandable form. Since activities occur within
the computing framework, design tasks identification and
selection of inference strategy, and so forth, are hidden from
the users.

5.5. Description and representation of visual
typological knowledge: Compositional rules

In the 1970s and 1980s some attempts were made to define
designs according to an organized body of compositional
rules. This system of rules was known as shape grammars
~e.g., Stiny & Gips, 1972; Stiny, 1980; Koning & Eizen-
berg, 1981; Knight, 1990! that consisted of algorithms that
had arithmetic calculations on shapes. Shape generation was
controlled by defined structures, which allowed the con-
struction of designs according to specific compositional ideas
~March & Stiny, 1985!. The concept of shape grammar en-
ables the establishment of an initial shape or subset of shapes,
which are subsequently transformed through the applica-
tion of rules. We consider each desired state of design as a
goal within the computing framework which is achieved by
applying the associated rules under the goal-directed infer-
ence strategy. In this way, shape grammars allow for para-
metric variations of shapes, which result in the composition
of new forms. Such new shapes are obtained by recursively
applying transformation rules over the original subset of
forms. Shape grammars have been conceived to overcome
two main problems derived from the need to define lan-
guages of designs~Stiny, 1976!. The first one is confronted
everyday by designers who want to create new designs. It
starts with the consideration of a limited number of design
compositions based on a defined vocabulary of shapes and
their corresponding spatial relationships, and continues on

analyzing further possibilities of new designs constructed
in reference to the established vocabulary and relation-
ships. Opposite to this, the second problem requires gram-
matical inference. It starts with the consideration of a limited
number of existing designs that refers to a specific lan-
guage or style, and continues with searching for a shape
grammar applicable to generate these designs based on the
same vocabulary. For example, Koning and Eizenberg’s
shape grammar was able to establish a shape grammar for
Frank Lloyd Wright’s Usonian style houses. In another ex-
ample, using their shape grammars, Stiny and Mitchell
~1978! managed to generate ground plans of the Palladian
Villas that were recognized by design experts as appropri-
ate instances of the Palladian style. The understanding of
the design outcome~as discussion on the first problem above!
and provision of adequate information to make the in-
formed decisions can be assisted through the computing
framework to enumerate all the possible scenarios leading

Table 7. Rule describing typological knowledge of dwelling
type “F”

Rule F
$LHS

Dwelling, is in between, two other dwellings
Dwelling, has, rectangular proportions
Dwelling, has, two short sides in contact with the exterior
Dwelling, has, large isolated sides from the exterior
Dwelling, !has, courtyard
Dwelling, has, external terrace
Dwelling, has, two stories
Dwelling, has, orthogonal internal partition
Entrance, is from, exterior
Entrance, is adjacent to, the kitchen
Staircase, is in, the interior
Staircase, is detached from, three sides of the dwelling
Staircase, is, located, in the direction of the short side
Staircase, is adjacent to, the kitchen
Staircase, !has, no contact with the exterior
Bedroom, kitchen and living room, have, one side in contact with the

exterior
Bathroom and bedroom, are located, on the second floor

RHS
Dwelling, has, double orientation
Dwelling, has, a two-story facade that is exposed to external noise and

climatic conditions
Dwelling, has, internal vertical circulation which reduces horizontal

circulation
The compact location of kitchen in one extreme, helps to generate, large

and flexible spaces in the dwelling
The compact location of staircases in the center, contributes to, a better

circulation between upper and lower floors
The compact location of staircases in the center, results in, an obstacle

for a double orientation view from the living room
Kitchen, has, good ventilation
Kitchen, may not share, pipes with bathroom
Location of bedroom in the upper floor, is useful to isolate, noise from

living room
Climbing up, may demand, some effort
Upper floor, is not spatially connected with, the lower floor%
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various potential designs ahead~which is applicable to the
second problem mentioned above!. In terms of the comput-
ing framework behaviors, initially an event-driven strategy
may be applied within the framework to bring the designers
to a more informed state. Then a goal-directed strategy may
be used once the designers are able to make the informed
decisions. Studies in shape grammars attempted to define
and apply compositional rules to construct designs in refer-
ence to a specific style. A different focus will be set in our
work, where compositional rules will be considered in ref-
erence to the concept of typology. Schon~1988! argued that
applying typological knowledge gained from previous ex-
perience in the form of rules enables the designer to make a
shortcut through the solution. Such rules, which can be
considered as the knowledge embraced in the internal struc-
ture of the existing typology, are determinant to approach
design problems in a rational way. In our study, a collection
of typological examples will help define and visualize a set
of rules, which will be elaborated to describe the visual
aspects of the formal and functional design considerations
~e.g., spatial relationships between design components, cir-
culation systems, etc.!. Such rules will represent relevant
visual typological knowledge in the domain of dwelling,
which in a further stage will be used to demonstrate the
capability of a computerized model of design based on a
visual typological approach. In this view, a selection of

relevant dwelling examples is accompanied by a set of rules
describing various aspects of the visual typological knowl-
edge. Now, let us look at a few examples.

Example A: Dwelling directed toward a single open side;
perpendicular services.A main characteristic of this type
of dwelling is that it has only one open side facing the
exterior. On the other hand, the kitchen and the bathroom
are typically arranged together on a wall transversal to the
largest side of the unit. Although the bathroom is internal to
the dwelling, the kitchen usually opens to the exterior~see
Table 2 and Fig. 6!.

Example B: Dwelling directed towards a single open side;
longitudinal services.A characteristic of this dwelling is
that it has only one open side facing to the exterior, and that
both the kitchen and the bathroom are arranged on an inter-
nal wall parallel and adjacent to the corridor. Since the
major spaces open to the exterior, kitchen and bathroom are
internal functions with pipe ventilation~see Table 3 and
Fig. 7!.

Example C: Dwelling directed towards two perpendicu-
lar open sides.This type of unit dwelling has two perpen-
dicular open sides facing the exterior. For this reason, the
dwelling is also known as an open corner unit. Although
the bathroom is arranged on an internal wall adjacent to the

Fig. 11. Dwelling example “F.”
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corridor, the shortest side of the kitchen usually faces the
exterior~see Table 4 and Fig. 8!.

Example D: Dwelling directed towards two open and
parallel sides; interior and longitudinal staircase and inte-
rior services. Characteristic of this dwelling is that it has
two stories, and two open sides at each end facing the ex-
terior. In general, services and staircases are arranged both
in an internal zone that has no contact with the exterior, and
parallel and adjacent to the longest walls of the unit. Al-
though kitchen and bathroom need mechanical ventilation,
this type of organization allows all the major functions to
face the exterior~see Table 5 and Fig. 9!.

Example E: Dwelling directed towards two short, open
and parallel sides; interior and longitudinal staircase; ex-
terior services.The present dwelling also has two stories
and two open sides at each end facing the exterior. Stair-
cases are arranged in an internal zone, adjacent and parallel
to the largest side. However, the kitchen is arranged adja-
cent to the largest side, and has contact with the exterior,
which eliminates the need of mechanical ventilation~see
Table 6 and Fig. 10!.

Example F: Dwelling directed towards two open and par-
allel sides; interior and transversal staircase; exterior
services.This dwelling has two short open sides at each
end in contact with the exterior. The staircases are arranged
in an internal zone, transversal to the largest side. However,
services have contact with the exterior, and are adjacent to
the staircases~see Table 7 and Fig. 11!.

Example G: Dwelling directed towards two open and
parallel sides; interior and transversal staircase; interior
services.This unit is double story with two short open sides
at each end facing the exterior. The staircases and the ser-
vices are arranged in an internal zone, transversal to and
detached from the largest sides of the unit. This type of
solution demands mechanical ventilation for the services
~see Table 8 and Fig. 12!.

6. PRACTICAL IMPACT

The software model presented in this paper is used as a
delivery framework. This framework has been applied for a
range of building design-related applications. The current
application focuses on visual knowledge in design, where
the delivery framework was used to produce a visual typo-
logical thinking application. The process of developing this
visual design tool is by assembling and packaging software
components within the framework. The design tool has the
capability of recognizing a designer’s intentions and design
details through its inference component, and providing use-
ful information to help and guide the designer at various
stages of the design process.

This design tool reflects the emergence of increasingly
powerful and complex computing environments for build-
ing design. The tool is viewed as a software agent to auto-

mate poorly specified design tasks or complex processes by
closing the gaps between users’ desires and computer ac-
tions. The main role of this design tool is to make typolog-
ical knowledge and visual typological knowledge accessible
in convenient ways to designers. For example, the tool could
generate a number of abstract visual representations in a
specific form of relevant typological knowledge, which
would give the designer an insight into functional and for-
mal complex relationships of the conceptual design~see
Fig. 13!.

The inference component of the system~the design tool!
performs the task of translating the system’s goal into an

Table 8. Rule describing typological knowledge of dwelling
type “G”

Rule G
$LHS

Dwelling, is in between, two other dwellings
Dwelling, has, rectangular proportions
Dwelling, has, two short sides in contact with the exterior and two large

isolated sides
Dwelling, !has, courtyard
Dwelling, has, external terrace
Dwelling, is, two stories
Dwelling, has, orthogonal internal partition
Entrance, is from, exterior
Entrance, is from, the opposite side of the living room
Kitchen, is, in the center of the dwelling
Kitchen larger side, is adjacent to, the living room
Kitchen, !has, contact with the exterior
Staircase, is in, the interior
Staircase, is detached from, three sides of the dwelling
Staircase, is located in, the direction of the short side
Staircase, is, adjacent to, the kitchen
Staircase, !has, contact with the exterior
Bedroom and living room, have, one side in contact with the exterior
Bathroom and kitchen, have, one side in contact with the exterior
Bathroom and kitchen, share, common pipes
Bedroom, is over, living room
Bathroom, is over, kitchen

RHS
Dwelling, has, double orientation
Dwelling, has, a two-story facade that is exposed to external noise and

climatic conditions
Dwelling, has, internal vertical circulation which reduces horizontal

circulation
The central location of kitchen; bathroom and staircases, helps generate,

two main isolated areas in the extremes of the dwelling
The central location of kitchen; bathroom and staircases, does not help

generate, large and flexible spaces
The compact location of staircases in the center, contributes to, a better

circulation between upper and lower floors
The compact location of staircases in the center, results in, an obstacle

for a double orientation view from the living room
Kitchen and bathroom, may not have, good ventilation
Location of bedroom in the upper floor, is useful to isolate, noise from

living room
Climbing up, may demand, some effort
Upper floor, is not spatially connected with, the lower floor%
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intention to act, and translation of this intention into a set of
internal commands for execution within a cycle of goal
identification, plan generation, and plan execution. Se-
quences of actions, comparisons of results, and adjustment
of activities are all coordinated with the users’ intentions.
In this way, a dynamic interactive dialogue between the
designer and the computer framework is established. This
two-way cyclic process enables the designer to analyze the
provided visual typological solutions, and decompose them
into main subparts for detecting design inconsistencies. The

flexible capacity of the computerized framework interprets
the designer’s needs and thus is able to provide new typo-
logical visual solutions. On the other hand, the visualiza-
tion of meaningful typological knowledge by the design
tool provides more valuable clues to the designer that can
help him or her reinterpreting~new! emerging solutions,
and modifying or clarifying ill-defined goals. This, in turn,
effectively controls the cyclic modification process of prior
design goals and intentions. The design tool has its own
problem-solving knowledge based on its primary purpose
or functionality. This knowledge guides the design tool as
to what data objects~information! should be displayed to
designers. In such a way, the delivery framework accom-
modates development tools, development languages, and
so forth, to assist application system developers to effi-
ciently tailor the framework capability with industrial
requirements.

7. CONCLUSIONS

The computer framework provides a means for accommo-
dating design tasks, knowledge~i.e., solutions! that can be
effectively accessed by building designers. The intelligent
design system described in this paper is capable of deliver-

Fig. 12. Dwelling example “G.”

Fig. 13. Interactive process between the user and the computerized frame-
work.
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ing a variety of desired services. The system is normally
required to link with conventional design tools to complete
a joint solution. The specific assistance focused on here is
to use a visual thinking approach to help0guide the design
process. This work attempts to demonstrate that visual ty-
pological thinking represents not only an instrument for
analysis, classification, and organization of design knowl-
edge, but can also be considered an effective tool in solving
design problems. In this vision and exploration study, inno-
vative use of computer science technologies is shown to
contribute, for the purposes of solving dwelling design prob-
lems, through the use of typological knowledge in a visual
mode. The application of an experimental computer frame-
work that combines technologies such as artificial intelli-
gence, database systems, programming language, and
software engineering helps to provide solutions and ser-
vices to designers. This is achieved through a cyclical and
dynamic interaction between the designer and the typolog-
ical solutions generated by the computer framework. The
typological solutions provided by this computerized system
in the visual modality help the designer to clarify and re-
define ill-defined goals and needs from the early stages of
the design process. The visual clues embedded in the inter-
nal structure of typology contributes to better knowledge
access and retrieval as well as emerging knowledge reinter-
pretation, and aids the designer in focusing on abstract con-
ceptual knowledge relevant to understanding complex design
relationships. This is of particular importance in the early
stages of the design process, where design ideas and design
intentions are rather fuzzy. The fluent interactive nonrou-
tine process established with the computer framework con-
tributes to both broadening the designer’s existing limits of
exploration and enhancing the searching of unpredictable
solutions.
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