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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 rélewramted 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 conceptual level, as is required at that stage of the design
process. One priority in solving design problems is to turn
Typology can be regarded as a particular way of thinkingthem into well-defined problen(&imon, 198}, where goals
that is very helpful in understanding the complexity of newand requirements are knovarpriori. It happens that in the
elements in terms of known elements. A characteristic okarly stages of the process, typological knowledge can also
the concept of typology is that it enables an understandingacilitate the transformation of the ill-defined structure of
of objects according to relevant and well-structured knowl-design problems into well-defined ones.
edge. In the field of architectural design, typology is con- While solving design problems, designers very fre-
sidered as a rigorous method for analysis, organization, anguently use to employ visual thinking. Visual thinking is
classification of a variety of buildings into representative strongly related to the use of all kind of visual displays such
classes(Lawrence, 1994; Schneekloth & Franck, 1994 as images, drawings and pictures, which contain informa-
The abstract level of representation of typological knowl-tion that is presented pictoriallGoldschmidt, 1995 This
edge can also contribute to the production of conceptual dihformation can be useful for supporting the exploration of
schematic designs. These are prolific in the early stages afultiple solutions that are relevant to the design goals. Since
the design process where initial conditions and goals arélesigners use to perform design tasks surrounded by a pic-
not completely defined. Since conceptual designs are baseadrial environment, it is believed that applying typological
on fuzzy and ambiguous knowledge, typology is of greatknowledge in a visual modalitgvisual typological knowl-
assistance for representing knowledge in a schematic anstige 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
Reprint requests to: Hernan Casakin, Environment Simulation Labora-

tory, Tel Aviv University, Ramat-Aviv, Tel-Aviv, 69978, Israel. E-mail: graphlc way, VISU&_ll typologlcal kno_wled_ge IS proposed to
casakin@bezegint.net be a powerful design problem-solving aid. However, com-
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mon problems in using visual typological knowledge are incomponents, viewed and classified according to a defined
retrieving and optimizing solutions according to a designcriteria such as legs, arms, geometrical and structural rela-
problem, that is, how typological knowledge can help turntionships between arms, sit, legs, and so forth.
the ill-defined nature of the design problem into well- Inthe 19th and early 20th centuries, with the renewal of
known goals and well-defined requirements. This work at-interest in abstract models, and under the influence of log-
tempts to answer these questions by describing a possibieal thinking, the notion of typology gained central impor-
use of visual typological knowledge through the develop-tance. Studies in typology arose as a common shared way
ment of a computerized model for the domain of architec-of thinking, offering an appropriate media for transferring
tural design. However, far from being a fully implemented knowledge between different scientific fields such as social
system, the computerized model presented in this visiomnd natural sciences, as well as medicine and mathematical
article should be considered as an attempt to investigate treeiences. The architecture domain was also influenced by
feasibility of adopting a new approach to tackle currenttypology, which provided a new approach to understanding
limitations in the fields of Al and design. To demonstrate this discipline.
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 work2'2' Typo!qu as fa tool of apaly3|s and .

. . : . classification: The architectural domain
studies the role of a computer framework in helping build-
ing designers to achieve satisfactory design solutions bylypology is a concept that enables the understanding of
applying visual typological knowledge. The framework com- building designs according to the relevant and well-defined
bines multidisciplinary technologies from computer sci- architectural principle$Fig. 1). We can illustrate the case
ence, such as artificial intelligence, software engineeringof Durand, who, at the end of the 18th century, started to
database system, and programming language to support ta@alyze the analytical power of typology. His method en-
provision of formal solutions and services to building abled him to concentrate on common shared geometrical
designers. properties of object buildings, and ignore other irrelevant
or very detailed characteristi¢¥idler, 1977). Rossi(1985
also conceived typology as a tool of analysis that enabled a
focus on geometrical, technical, cultural, and historical
knowledge, which constitutes the reference of each design.
The method of typological analysis had an enormous im-
What is typology? Moned1978 defined typology as a pact in the field of architecture, and influenced the way
concept that allows the organization of a group of elementsuildings should be designed. The use of typology also
characterized by a similar structure, within the same catstarted to be considered as a rigorous method of classifica-
egory. Typology is regarded as a class or group of elementson, which was highly instrumental in organizing design
or events that can be classified according to a number abbjects into particular groug&awrence, 1994 At the end
characteristics in common. Typology can be considered asf the 18th century, Blondel grouped and studied different
a particular way of thinking that is very helpful in under- building types in that period according to significant func-
standing the complexity of domain objects through moretional aspects$Vidler, 1977). In a similar approach, Moneo
typical and simple objects. These typological objects, con{1978 considered the possibility of grouping buildings char-
sidered as representative examples of a group, embraeaeterized by common formal structures, or common rela-
knowledge that is significant and essential for a particulationships between their components. The classification of
category, and discard irrelevant information. Thus, the contypological buildings into limited or finite categories gained
cept of typology contributes to understanding new and commore significance with the evolution of varied and more
plex objects in terms of known, relevant, and simple onescomplex designs.
For example, a particular chair can be referred to a proto- Researchers like Schneekloth and Fraii®@4), and Law-
typical chair object. This can be decomposed into simplerence(1994) claimed that in the present time, typology con-

2. BACKGROUND

2.1. Typology

[ Typology |
ANALYSIS CLASSIFICATION ORGANISATION
of architectural knowledge of architectural knowledge of architectural knowledge

Fig. 1. The role of typology in the architectural domain.
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tinues to be used as an analytical and classification tool téicial one. It is proposed that the typological criteria or
help understand continuities, similarities, and variations otypological knowledge needed to establish such distinc-
different designs through history. These aspects were cortions can also play an important role for clarifying both the
sidered critical for reducing the infinite variety of detailed lack of definition in initial problem requirements and ill-
buildings to more structured and abstract categories of reldefined goals, which, as it was noted before, are common
evant and representative designs. Considering the power characteristics in design problems. The typological criteria
typology, an important question to be addressed in this studis expressed in terms of computing rules allowing a com-
should be how to make available and use relevant typologputer framework to interact intelligently with designers in
ical knowledge to help solve a design problem. 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

3. TYPOLOGY AND DESIGN PROBLEM particular stage of the design process. Given the fact that
SOLVING the application of an algorithm does not allow us to solve

design problems in a routine way, typology can be used as

3.1. Design problems an effective instrument that may help analyze, categorize,

o . and organize concepts and principles related to design. In
A fundamental distinction between well-defined problemsthis view, the computing concept of type can be used as an

e (Fonman, S50t Baro & oo 1538 i gpa, ePeratve ool fordesin practeaurence, 1994
Goel, 1993. The problems that have fully specified initial While a designer struggles to clarify the inconsistencies

- . .through exploration of alternative conceptual designs, dif-
conditions, clear goals, and means of transforming condi; 9 P P g

tions are termed well-defined probletfesg., Medin & Ross, ferent solutions are verified and the problem is decomposed

. ; . ' . into subproblemse.g., Purcel & Gero, 1998t is claimed
1990.' When using an adquqtg aIgorlthm to find pOSSIbIethat in the design process, decisions are generally based on
solutions that satisfy the initial requirements, a well-

. . . . xistin lutions, which m nstrain alternativ igns.
defined problem is called routinéMitchell, 1993. Il existing solutions, ch may constrain alternative designs

. . xamples can be found in building design and construc-
defined problems, on Fhe other hanq, can be descrlpgd by lon. Decomposition of a design problem into small prob-
least one of the following characteristi¢s: no clear initial

requirementstii) no completely defined goals: i ) an lems often results in conflicting situations, where a solution
quire . 'mp y goars, for specific subproblems may not always satisfy other sub-
extensive possibly unlimited number of solutions that can-

not be reached through a general algoritfery., Reitman, problems. When this happens, further development on the

1964; Gero & Maher, 1993; Goel, 19p3Because of the design process seems to be difficult. Syni&994 sug-

above reasons. ill-defined problems cannot be solved bgested that a possible way to overcome such conflicts is to
. ' P .~ simplify design decisions to an irreducible set. The domain
using an algorithm, and thus are termed as nonroutlnc?3

problems f dwelling units, where a large number of crucial decisions
) . . . houl ken isf nflictin ign constrain
The scope of this study will focus on design problemss ould be taken to satisfy conflicting design constraints,

which due to their nature are generally known as iII_can be considered as an example to be pointed out. It is in
S'[I’UCtl,,lI’ed or ill-defined rol'JIems gIn desi yn solutions ar this specific context in which a well-established body of

. P " an. S etypological examples can play a key role in the assessment
generally ambiguous or controversial because the initial de-

. ; of design decisions, the understanding of complex design
sign problem requirements cannot be totally predeter- 9 9 P g

: . o . . ~ . relationships, the proposal of alternative conceptual design
mined. Since it is impossible to predict whether an algorithm P brop P 9

will be able to answer unclear requirements. it is not ossisolutions, and the integration of partial solutions into a co-
. €d o P herent whole. In Section 5, an example of an interactive
ble to solve design problems in a routine way or using a

specific algorithm. It was noted before that a critical aspecﬁﬁii\'/?endggtwwiﬁ%ne tp?reesdeﬁf dner and the use of typological
of dealing with design problems is to turn ill-defined prob- j

; . . . Far from being an obstacle to develop an original solu-
lems into well-defined one&Simon, 1981, which can be . . : . .
solved in a routine way. In this paper, it is proposed thatlon, using typological knowledge is believed to support

typology may be used as a powerful tool to meet the abovt(tahe develc_)pment of a designer’s personal ?ntentions. In this
obiective vein, Bohigaq1985 proposed that typological knowledge
) : must be taken as a hypothesis based on historical experi-
ence, whose validity should be demonstrated through the
3.2. Typology and design problems individual design process. Therefore, typology should not
be viewed as a normative pattern, but rather as a reference
The rational approach of modern theoreticians welcomedo guide the design process. Since design consists of gen-
typology as a valid instrument for aiding design problemerating and transforming images for the production of new
solving. The use of typology in design contributes to theforms, it is maintained that a large number of designers use
understanding of objects at an abstract level, and helps disdsual thinking routinely(Goldschmidt, 1995; Casakin,
tinguish between practical working knowledge and a superi998. Typology can be adjusted and submitted to meet
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new requirements once a design plan has been modifiechay contain valuable clues that can help retrieve or use
(Robinson, 1994 relevant visual displays stored in the designer’s memory as
part of past experiencds.g., Schon, 1988In a series of
studies on the effect of visual displays in design, Gold-
schmidt(1991) argued that the identification of emergent
Reasoning is not only related to the manipulation of wordsvisual clues is possible due to an interactive dialogue be-
In fact, there is evidence that most creative scientific reatween stored displays and new displays. The interactive
soning in a variety of domains such as mathematics andialogue is also accounted by researchers like B&t&12),
physics is based on the perceptual experiences rather thavho studied the exploitation of potential creativity in artis-
words. Reasoning through visual images has always beedit drawings, as well as Casakin and Goldschn(i$99),
considered useful in creative design tasksgy., Arnheim, Downing(1994), and Schori1983, who also discussed the
1969; Holgate, 1996 The act of design is based on a fluent subject’s interaction with his or her images during the de-
use of visual stimuli like images and drawings. Visual rep-sign process. This prolific two-way process is controlled by
resentations such as sketches, diagrams, or drawings acentext-dependent concepts, or criteria applied to give mean-
regarded as a useful tool for supporting visual reasoninging to the emergent displays. The utility of the interactive
which is essential for generating ideas and new designdialogue in design can be emphasized by considering the
(e.g., Goldschmidt, 1995When exploring alternative de- intuitive power of graphic displays driven by visual typo-
signs, the designer is usually surrounded by a large visudbgical knowledge. In this process, the creation of new de-
environment, which affects the use and generation of visuadigns or reinterpretation of already known desigiasnew
representations. Such visual displays may pertain to thevay of perceptiohcan be assisted by visual representations
same domain as the design problem at hand or to anotheontaining typological knowledge. Through a collection of
domain. When the visual display and the task belong to the&isual typology displays, the designer can be equipped with
same or very close domains, the visual representation igssential information related to the design gdsé® Fig. 3.
called within-domain display. Visual information in the form Due to its potential to depict relevant visual knowledge in
of typological dwelling plangsee Fig. 2can be considered one single pictorial representation, typological knowledge
as an example in the field of architecture. is viewed as a powerful design aid. It is proposed in this
Goldschmidt(1995 noted that visual displays contain article that the abstract level of representation of visual
information that is represented pictorially, as is needed inypological knowledge can contribute to unify discon-
the design process, and this new graphic information canected ideas and clarify fuzzy ones for the production of
help explore multiple solutions. Meaningful visual displays conceptual designs, which are particularly important in the

3.3. Visual typological thinking in design

Design knowledge

( Visual knowledge I l Non-visual knowledge T

Internal External
representations representations Fig. 2. Visual typology in the design domain.

Produced by designers Provided to designers
(sketches, diagrams) (pictures, drawings)

TYPOLOGICAL
KNOWLEDGE
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Internal
representations

A

A

Interactive
dialogue
Y

Sketches produced Typological knowledge
by designer provided to designer

Exploration of
alternative solutions

\ Y
Partial solution 1 \ [ Partial solution 2 ] | Partial solution 3 ]

Fig. 3. Visual typology in design problem solving.

early stages of the design process. This is again supporteVer, these illustrative examples were presented as a post-
in Section 5, where an example of a conceptual use of vifact analysis and description of design processes. Thus, itis
sual typology is presented. 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-
Different researchers have been modeling the use of typokess, these methodologies are deemed not to be very effective
ogy in design. Mitchel(1989 studied the concept of archi- in solving design problems. These approaches enable the
tectural vocabulary through the analysis of formal typologiesorganization of design knowledge according to established
in classic architecture. Through the specification of a set otriteria that may not always be considered as appropriate or
rules, he tried to represent typological objects such as farelevant for the individual goals of the designer. Research-
cades of classic buildings. Rules were formulated in termers like Mitchell (1989 claimed that a great disadvantage
of different types of component shap@medestal, column, of these models is that purely bottom-up and purely top-
and entablatuneand their specific relationships, and were down approaches are difficult to find in real design prac-
executed to produce instances of the component type. Itice. Rather, the complex and rich nature of the ill-defined
this approach, the rules were instantiated in a top-dowmnd nonroutine design process invites a combination of these
design process in which the designer could start from and other unpredictable design strategies that may be useful
very abstract definition and sequentially refine it into a de-in solving the problem at hand. Although this is particularly
tailed instance of the type. The final goal was to produce drue for design problems, none of the studies illustrated
complete design through the solving of a sequence of sutbefore seemed to focus on this important aspect. In the
problems. If executed in a bottom-up recognition processsolving of ill-defined problems, an interactive dialogue be-
the rules could be used to determine whether or not a givetween the designer and his design resources has been shown
object could be an instance of a more general type. In Mitchin a reflection-in-action paradigrnfSchon, 1983 In this

ell's example, the designer could look for different classicalview, rather than applying a sequence of logic steps, the
vocabulary elements, and then recursively verify that theydesigner uses individual strategies to accommodate his goals
were correctly combined to form classical objects. In a sim-and desires to the existing solutions until finding a satisfac-
ilar approach Casakif1993 studied the top-down process tory solution. Other studie&Goel, 1995; Suwa & Tversky,
through the formalization of a typological model of patio 1996 that dealt with the interaction between designers and
houses. In this study, instances of the typological modeéxternal representations in a design process focused on re-
were hierarchically refined from an abstract state to a morénterpretation of emergent potential design solutions. The
detailed one, until arriving at an appropriate solution. Thiswork presented in this paper applies typological knowledge
process was controlled through criteria based on initial defor ill-defined design problems, and concentrates on the
sign requirements. In another study, Wojtowicz and Fawc-concept of visual typology in particular, by simulating an
ett (1986 showed different examples of master architectsinteractive process for designers based on their visual think-
who allegedly used top-down and bottom-up processes tmmg capabilities. Applications of visual typological knowl-
generate their desigr(e.g., Louis Kahn’s Richards Medi- edge are explored through a computer framework that links
cal Laboratories, and Le Corbusier’s Villa Savaydow-  design tasks with appropriate solutions.

3.4. Models of typology in design
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4. TYPOLOGICAL APPROACHES IN THE lustrate an example of an interactive design session based
DOMAIN OF DWELLING on the use of visual typological knowledge.

e e . ASsoATIG Visus TyPoLoGY W
g gs, 9 yisp " COMPUTER FRAMEWORK

Dwelling variations seem to be unlimited, but in fact there
are a few basic groups or categories within which dwellingThe approach to provide effective use of visual typological
types can be classified. Although different construction techknowledge and to present the service in convenient forms
niques, building regulations, and housing requirements havi® userd(i.e., designersis to link the domain practicee.g.,
a clear influence on the design at any time and in any cultraditional concepts, facts, and problem-solving approgches
ture, only a limited number of dwellings types can be foundwith a computing framework. The framework is used to
through history(Deilmann, 1979 The designer is faced provide digitization and computerizatiofa way to put
with common formal and functional constraints that can beknowledge into computable formsf typological knowl-
grouped into a few categories according to cultural convenedge and to offer solutions on a variety of design-related
tions. Anumber of studies in housing literature can be citedtasks. The framework is to ensure conceptual expectations
For example, Deilmanri1979 suggested that dwellings and requirements are delivered in practice. This would re-
consist of repeating units with a constant relation to verticaljuire the computer framework to be capable of dealing with
and horizontal circulation, so that a systematic approach isomplex and different type®ften in large scaleof infor-
possible in terms of typological variations. The system ofmation, and to be able to provide flexible and robust solu-
categorization defined by Deilmann is mainly based on psytions. The main purpose of the framework is to link designers
chological and sociological requirements, which have a diwith appropriate design informatiofe.g., visual typology
rect influence over formal and functional organizations ofinformation dynamically to assist creative design which is
the dwellings. In a formal-functional approach, Hoffmannalso complying with design requirements. This will be
(1967 classified housing into two general typological groupsachieved through the effective processing of visual typo-
that consisted of the number of terraces, and the number dbgical knowledge leading to design information retrieval
relative position of the patios. Sherwo@®P78 established and interpretation by the framework software modules. The
a hierarchical system of classification that ranges from thédramework combines techniques from a variety of com-
universal to the specific, and also includes functional ancputer science techniques that include Al, component-based
formal elements. The topics of concern are the closed andoftware engineering, database, and so forth, to support
open built borders, the proportion of the building plan, thelarge-scale applications on complex problems. It was based
arrangement of core elements in relation to the length of then the initiatives of integrating Al and conventional tech-
building’s sides, and the relative position of the staircasesiques within a software development environm@i &
as an organizational element of the functional structure ofWright, 1996, and was further advanced through several
the dwelling. industrial applications. Below is a functional description of
In the previous sections, we referred to the importance othe framework software modules. Although the modules
typology as a tool for analysis, clarification, classification, were originally designed to serve generic application pur-
and organization of knowledge, and we have manifestegoses, they have been effectively tailored to meet applica-
our particular interest in using typology as an aid tool fortion requirements. The software modules are organized in a
the process of design problem solving. Typological think-layered architecturésee Fig. 4. At the bottom layer of the
ing is related to visual thinking, which plays such a prom-framework is located commercial database facilities includ-
inent role in design. In the second part of this study, we willing object and relational database systems to handle large
move one step further to develop a computerized modelyolume of data storage and retrieval. Above the database
which digitizes visual typological knowledge and makes itlayer is located the database access template so that under-
computable. The utility of this model will be exemplified lining database details are hidden from the ugersst of
through a simulated interactive design process. In this conthem are software developen® provide database access
text, a set of rules describing relevant examples of visuatonvenience. Above the database access layer are the knowl-
typologies(combining visual and typological thinkingn edge primitives that carry out primitive operation on vari-
the domain of dwelling design will be presented and usedus intelligent tasks.
as a design aid. The product from such a model is a soft- Other use of these primitives were described in Dai
ware system that provides solutions and services for build¢1998, focusing on software components retrieval and pack-
ing designers by using leading-edge multidisciplinaryaging. The packaged software components can lead to the
technologies from computer science. The system effecapplication-specific products or knowledge management
tively supports dynamic retrieval and application of visualtools. Knowledge management tools provide services on
typological knowledge to help achieve satisfying designvarious knowledge management requests such as creating,
solutions. In the following sections, we describe the modelmaintaining, and applying knowledge in relation to an ap-
and its contribution to design problem solving, and we il- plication domain(i.e., visual typology knowledge for the

https://doi.org/10.1017/50890060401020029 Published online by Cambridge University Press


https://doi.org/10.1017/S0890060401020029

Visual typology in design 9

Visual Typology Design Framework Front-End
Knowledge Management Tools Tools
<
KR DM DT IC 4_Knowledge Primitives

Database Access

KR: Knowledge Representation
DM: Data Management
DT: Domain Task

> IC: Inference Control

Relational / Object Oriented Databases

-

Fig. 4. Software infrastructure supporting visual typology in design.

proposed framewopk At the framework level is located may be obtained from the task information once the task is
the user(designers in most of the situationBont end, well defined, for example, when a drawirig design task
where support for visual typology can be directly applied.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-
To digitize useful information and make it computable bytem components is that a domain task is answered by
the framework, there is a need to establish a domain knowlapplying relevant knowledge on the system state data store.
edge base that is a separate physical component of the framEhe objective of information granulation is to identify and
work. In this section, we describe in detail this knowledgeaccumulate data and knowledge related to visual typology
computerization process. The first step is to identify thepractice in design. Through information granulation, visual
fundamental information elements involved. These eletypological knowledge, design tasks, and domain facts are
ments are going to form various domain knowledge andout into computable forms. Classification of the informa-
information required for problem solving. Here we focus tion is discussed in the following sections.

on three types of information, that is, knowledge, tasks, and

system state information. Knowledge is about the approach-1.1. Knowledge

or experience of how a domafdesign task is solved. Sys- Design knowledge is to ensure that a visual thinking ap-
tem state information is the available data that the systemroach is applied effectively on various tasks. The knowl-
can use in a knowledge-driven problem-solving processedge is represented as rules. Table 1 outlines a knowledge
which includes the system’s understanditige mental staje  representation template using rules. A rule contains several
of its environment. System state information usually con-parts. The left-hand sidé.HS) describes all the conditions
tains domain facts and the results produced during théhat a rule must satisfy before conclusions can be made.
problem-solving process; in this case, these results beconhe right-hand siddRHS) contains all the conclusions.
the temporary facts of the system. The task informatioriThe LHS or RHS is described by the object-attribute-value
focuses on the various features and structures associatéeimplate. The other part of the rule is the actidxCT)

with the task. It is possible that system state informationsection. The ACT contains all the actions to be performed

5.1. Typological information granulation
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Table 1. Rule representation template tion, an external design task is convertghrough an in-
termediate mechanisnmto the system local task template.
RulelD
{LHS
Premise: Object-Attribute-Value; 5.1.3. System state
e _ _ The system state information is about the system’s men-
Rifgm's% Object-Attribute-Value; tal understanding of its problem-solving status, for exam-

ple, what has been achieved and what is to be done at a

Conclusion:  Object-Attribute-Value; . . . . .
particular point in time, and known information being ob-

&Jnclusiom: Object-Attribute-Value; tained from design tasks and usélsough humayicomputer
ACT _ interaction$. System state information is also described by
Action,: String; 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.

Action,,: String}

once the rule conditions are satisfactory. Each action has a

simple type of string. The rule template is given in Table 1.5.2. The use of visual typology: An example
More examples of the granulated rules can be found in  of an interactive design process supported
Section 6. by the computing framework

) Since there is an agreement that dwelling is particularly

5.1.2. Design task important in the domain of design, where an organized study

Domain task of the framework in this case is designis possible, this domain will be considered as a major theme
task. Design tasks are described in terms of data objects. for the study of typology. Particularly, we will concentrate
data object is described by an arbitrary number of properen the formal and functional aspects of the dwelling which
ties. The feature of these properties are their simplicity inplay such an important role in design problem solvisge
structure, generality for different tasks, and flexibility for Fig. 5. For this reason, the work of Sherwo@tP78 will
linking with a specific representation method, such as in-be taken as a main reference for including some typological
ternational standard STEP and other research initiativegxamples in the domain of dwelling.
for example, the FBS modédGero, 1990. Domain task Dwelling examples are considered in order to demon-
model has been extensively tested in a wide range of apstrate possible uses of visual typology as an aid tool in
plication areas. For this application, it satisfies variousdesign problem solving. For this purpose, we propose that
requirements from the design perspective. The applicatioone of the examples illustrated in the next subsection, the
system(intelligent design togl has been implemented to Dwelling “D”, as a starting point. This case represents an
work cooperatively with external systems including designinstance of a certain stage of the design process in which
systems to provide integrated solutions. In such a situathe designer has decided to arrange the services and stair-

| Typology knowledge

Other typological domain knowledge l Dwelling domain knowledge
(e.g. Hospitals, Schools, etc.)

Fig. 5. Main aspects of the typological domain example.

Formal and Other aspects
functional aspects (e.g. technical, cultural)
Examples ]
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cases in an internal zone that has no contact with the extehe system about the need for a modification in the position
rior (See Fig. 9. Moreover, in order to organize the internal and the structure of the staircases. So the problem contains
space of the unity, he decided that these functions should bmodifying the typology of the existing staircase located in
arranged in parallel and adjacent to the longest side of ththe middle of the dwelling in order to reduce the length of
dwelling. While visualizing the alternative design solution, the corridor that connects the front with the back. Once
the designer notices a new problem in which the internabkgain, the system checks the problem-solving status, veri-
arrangement of the kitchen has no contact with the exterioffies the system state, and starts inspecting its knowledge
and therefore requires mechanical ventilation. In a follow-database on different types of staircases. A problem in con-
ing step, the designer turns on the visual information sersideration is to preserve at least two meters height in every
vice in order to inform the computerized design tool which point to enable a person to climb up without any difficulty.
requirements have been satisfied and which requiremeniBhe system detected a more compact typological case that
still need to be achieved in this specific design stage. Thenight solve the problem. When this solution type is finally
designer presents additional information about his or heconsidered as an appropriate candidate solution, the system
clear intentions to provide the kitchen with natural ventila-acts to replace the current design state by bending and ro-
tion. The system identifies the specific design task of protating the existing vertical core, and arranging it transversal
viding a naturally ventilated kitchen, and stores it within to the largest side of the dwelling. In this way, the design-
the domain task module of the design syst@inthis stage tool succeeds in shortening the horizontal circulation in
the designer is able to have a clear solution direction ireach floor(see Fig. 11 In the last stage of the design
mind). The goal-directed inference strategy is then invokedprocess, a new problem is detected. The designer informs
to lead the designer throughout the procéfs goal- the computerized tool that although a compact solution has
directed inference strategy details, see Sectioin B48re-  been achieved, the kitchen has lost its adjacency with the
over, in order to verify which design requirements havebathroom and thus, no common pipes can be shared with it.
been met and which ones still need to be met, the systefBince common shared pipes is the new constraint, the de-
checks the problem-solving status, verifies the system statsjgn tool checks its data base for this kind of situation. It
and starts inspecting its knowledge datab@s$ehis partic-  starts looking for different kind of typological relationships
ular stage, the outcome is uncertain between bathrooms and kitchens, considering both ground
Event driven is the suitable inference strategy to be usefloor/ground floor and ground flogfirst floor. The system
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 Table 2. Example of computable rule
back of the dwelling, and therefore starts an interaction '
asking for more specific requirements. After the requiredryle A
information is provided, the system searches for stored reliLHS
evant typological knowledge about examples of kitchens Dwelling, is in between, two other dwellings
that have one of its sides in contact with the exterior, and PWelling, thas, external terrace . .
. . . Dwelling, has, only a large side in contact with the exterior
are_ Iocat_ed Ir_] the front side OT a dwelling. Due to the t_OpO- Dwelling, has, three isolated sides from the exterior
logical situation of the dwelling that has only two sides puwelling, is, one story
open to the exterior, the system guides the search within Dwelling, 'has, courtyard
kitchens belonging to this kind of typological buildings. Dwelling, has, orthogonal internal partition
When an appropriate solution is found, the inference com- Entrance, is from, internal corridor
. . . Entrance, is adjacent to, the bathroom
ponent of the system applies visual typological knowledge Entrance. is close to, the kitchen
to interact with the designer. The system acts on modifying Kitchen, has, one side in contact with the exterior
the current solution state, and proposes a new typological Bedroom, has, one side in contact with the exterior
solution that meets the specific designer requirements. In Living room, has, one side in contact with the exterior
this way, it replaces the existing internal kitchen mechani- Bathroom and kitchen, share, common pipes
. . . . Bathroom, 'has, side in contact with the exterior
cally ventilated with another typological solution that has Bathroom, has, mechanical ventilation
one of its sides facing to the exteritgee Fig. 10 Bathroom, is adjacent to, the kitchen
In the next step, the designer realizes that although the Kitchen, has, one side adjacent to living room
current solution provides satisfactory conditions to answerRHS _ S
kitchen requirements, it generates large internal corridors 2"e!ling. has, single orientation .
. . . Dwelling, is, highly noise- and climate-isolated from the exterior
in each floor. This turns out to be a strong disadvantage, Dwelling, thas, internal vertical circulation
since the dwelling is a very compact cell. The designer Kitchen, can be spatially connected with, living room
once again turns on the visual information service and spec- Large internal circulation, may be generated
ifies this new problem. The system is informed about the Design A(the one from which rule A is basgdviolates, principle of
designer’s new intentions to check new requirements that ~douPle orientatioh
still need to be met. As a consequence, the designer inform

https://doi.org/10.1017/50890060401020029 Published online by Cambridge University Press


https://doi.org/10.1017/S0890060401020029

12

finds that kitchen is the only element that, for functional
reasons, should be located on the ground floor. Therefore

H. Casakin and W. Dai

Fig. 6. Dwelling example “A.”

the system decides to present a new solution in which the
Kkitchen is moved to the center, and arranged under the bath-

deduces that an appropriate solution might be to change theom (see Fig. 12 This typological solution not only suc-
position of the bathroom up to the first floor. Consequently,ceeds in answering current goals, but also succeeds in

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, lis 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 basgdriolates, the principle of
double orientation

preserving the previous requirement of short corridor.

It should be noted that this last requirement was satisfied
in a previous solutiofDwelling “D” ), but was modified due
to new constraints that required the displacement of the kitchen
to the exterior. This aspect illustrates that the design process
is not linear, but rather, the designer is engaged in a search-
cycle procesgCasakin & Goldschmidt, 1999It is in this
search-cycle process in which the designer tries to clarify his
or her goals and requirements, and decomposes the problem
into subproblemg&called goal directed or goal drivenn this
search-cycle design process, checking out old partial solu-
tions can be considered more arule than an exception. Thisis

- ]
i 1 | —]
. o HH -
! - e | |
| — | j,’r“' -~ %,
[od gl N
vl \
)] ", .
{ — v e i
~ — N
b —= _..' H
S e |
= == [ O
| |
; ' |
", [1 s .
| =4 ¥
i 1 s |
| |i‘:i| | (8] ﬂ

Design B, violates, the principle of common shared mechanical ventilation |~ ' Vo aal

between bathroom and kitchen
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Table 4. Rule describing typological knowledge of dwelling why the system keeps all the inherited successful knowledge
type “C” that has been completed prior to design requirements, and
also applies visual typological knowledge to satisfy new or
?_ﬂesc ill-defined requirements. However, in a certain stage of the
Dwelling, is in between, two other dwellings design process, it can frequently be the case thatthe designer
Dwelling, has, external terrace in contact with more than one room has no clear goals, in which case event-driven strategy will
Dwelling, has, two perpendicular sides in contact with the exterior andbe used to bring the designer into a more informed state. The
two other sides isolated from the exterior system therefore interacts with the designer and guides the

Dwelling, is, one story . .
Dwelling, thas, courtyard typological process of problem solving.

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 5.3. Problem solving: Linking design task with
Bathroom, has, mechanical ventilation typological knowledge
Living room, is located in, one corner with two sides in contact with the
exterior ) ) o ) There are two types of the inference strategies involved
Bathroom and kitchen, are adjacent to, the building’s corridor g . . .

RHS within the inference component, that is, goal directed
Dwelling, has, double orientation goal driven) and event driven. These strategies are linked
Dwelling, is, highly connected with, the exterior with different types of designers’ requirements or design
Dwelling, 'has, internal vertical circulation stage. For example, as shown in the previous section, if the

A _Iarg{_e e_xternal perimeter of the dwelling, could have, climatic designer has a defined solution direction in mind, that is,
implications . . . e .

The open corner of the dwelling that faces the exterior, plays, a role toWIth the predlptable OUtcorT(e'g", applylng S.p(.ECIfIC d¢3|gn
articulate the two perpendicular facades of the whole building knowledge with the clear intention of providing a kitchen

The close corner of the dwelling that faces the public corridor, plays, awith external ventilation, or trying to organize the internal
role to shift direction in the organization of the other dwellings space of a dwelling to enable main rooms be in contact with

Locatigdn of kitchen and bathroom, is useful to isolate, noise from pUb”Cthe street or internal gardegoal-directed inference will be
corridor . .

Kitchen, is well spatially connected with, living room invoked to lead the des'g”er step l?y step t_hrOUQhO_Ut the

Internal circulation, is minimized process. If the outcome is uncertai®,g., trying to dis-

Design C(the one from which rule C is basgdiiolates, the principle of  cover design mistakes, or verifying what design require-
common shared mechanical ventilation between bathroom and Kitchenments have been meevent-driven strategy is more suitable,

in our scenario, turning on a particular service as described

Fig. 8. Dwelling example “C.”
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in the above section. The feature of goal-directed inferenceussed previousjy The initial inference stage is called task
is that the design task is processed by an inference compdadentification. Task identification is an information transfer
nent of the framework. The inference component guides therocess where only the task-specific data is captured and
system problem-solving behaviors. stored within the domain task module of the design system.
The process of applying typological knowledge may re-Design tasks are initiated according to a designer’s inten-
quire additional information that cannot be generated throughions and activities. In the event-driven scenario, upon re-
deductions based on the knowledge of the inference engineeiving a domain taskthe task is normally initiated by the
Through design task information, the inference componentise), the inference component of the system applies visual
establishes its problem-solving stéfimm system state data- typological knowledge to facilitate an interactive design
base. If the engine still cannot obtain all the necessaryprocess with the designéfor an illustrative example, see
information, it will attempt to obtain information directly the previous section
from the usefdesigney. Relevant inference strategies will

be chosen according to task features and situatiasslis- o .
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
Table 5. Rule describing typological knowledge of dwelling presented with appropriate information and services at each
type “D” stage of the process. Designers use conventional design
tools to carry out design tasks. Through the link between

Rule D

{LHS
Dwelling, is in between, two other dwellings
Dwelling, has, rectangular proportions

Dwelling, has, two short sides in contact with the exterior Table 6. Rule describing typological knowledge of dwelling
Dwelling, has, large isolated sides from the exterior type “E”
Dwelling, 'has, courtyard
Dwelling, has, external terrace Rule E
Dwelling, has, two stories {LHS
Dwelling, has, orthogonal internal partition Dwelling, is in between, two other dwellings
Entrance, is from, the exterior Dwelling, has, rectangular proportions
Entrance, is from, the opposite side of the living room Dwelling, has, two short sides in contact with the exterior
Staircase, is in, the interior of the dwelling Dwelling, has, two large isolated sides from the exterior
Staircase, is located adjacent to and in the direction of the large side  Dwelling, !'has, courtyard
Staircase, 'has, contact with the exterior Dwelling, has, external terrace
Staircase, lis, adjacent to the kitchen Dwelling, has, two stories
Bedroom and living room, have, one side in contact with the exterior ~ Dwelling, has, orthogonal internal partition
Kitchen, is, in the center of the dwelling Entrance, is from, exterior
Kitchen, has, no contact with the exterior Entrance, is adjacent to, the kitchen
Kitchen, has, one open side adjacent to the living room Staircase, is in, the interior of the dwelling
Kitchen, has, another open side adjacent to the entrance hall Staircase, is both adjacent to and in the direction of, the large side
Bathroom and kitchen, !have, side in contact with the exterior Staircase, 'has, contact with the exterior
Bathroom and kitchen, share, common pipes and mechanical ventilation Kitchen, bedroom and living room, have, one side in contact with the
Bedroom and bathroom, are located, on the second floor. exterior
Bedroom, is over, living room Kitchen and bathroom, share, common pipes
Bathroom, is over, kitchen Bedroom and bathroom, are located on, the second floor
RHS Bedroom, is located over, the living room
Dwelling, has, double orientation RHS
Dwelling, has, a two-story facade that is exposed to external noise and Dwelling, has, double orientation
climatic conditions Dwelling, has, a two-story facade that is exposed to external noise and
Dwelling, has, internal vertical circulation which reduces horizontal climatic conditions
circulation Dwelling, has, internal vertical circulation which reduces horizontal
Central location of kitchen, bathroom and staircases, helps to generate, circulation
two main isolated areas in the extremes The compact location of kitchen in one extreme, helps to generate, large
Central location of kitchen, bathroom and staircases, does not help  and flexible spaces in the dwelling
generate, large and flexible spaces The location of the kitchen, presents, difficulties with double orientation
The open sides of the kitchen, enable, double orientation views fromthe  views from the living room
living room Kitchen, has, good ventilation
Kitchen and bathroom, may not have, good ventilation Bathroom, does not have, good ventilation
Location of bedroom in the upper floor, is useful to isolate, noise from Location of bedroom on the upper floor, is useful to isolate noise, from
living room living room
Climbing up, may demand, some effort Climbing up, may demand, some effort
Upper floor, is not spatially connected with, the lower flpor Bedroom, is not spatially connected, with living ropm
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Fig. 10. Dwelling example “E.”
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the intelligent design system capable of offering typologi-analyzing further possibilities of new designs constructed
cal visual information service with conventional designin reference to the established vocabulary and relation-
systems, designer productivity can be greatly increasedhips. Opposite to this, the second problem requires gram-
The major role of the intelligent design system is to assistnatical inference. It starts with the consideration of a limited
designers within the design process to be creative and pravumber of existing designs that refers to a specific lan-
ductive, and to guide designers to comply with designguage or style, and continues with searching for a shape
requirements. The system will provide designers with rel-grammar applicable to generate these designs based on the
evant design information displayed through special view-same vocabulary. For example, Koning and Eizenberg'’s
points driven by specific inference strategies accordingshape grammar was able to establish a shape grammar for
tasks feature&@s discussed in the above secjiorhe warn-  Frank Lloyd Wright’s Usonian style houses. In another ex-
ing messages will be displayed if any part of the designrample, using their shape grammars, Stiny and Mitchell
violates design principles or building standards. As a re{1978 managed to generate ground plans of the Palladian
sult, a vast amount of information regarding design taskVillas that were recognized by design experts as appropri-
requirements and available assistance will be at the desigmte instances of the Palladian style. The understanding of
er’s fingertips, and eventually adopted and tailored intothe design outcomi@s discussion on the first problem abpve
design practice through thereative mind of designers.  and provision of adequate information to make the in-
Designers are free to carry out their design activities asormed decisions can be assisted through the computing
usual, that is, without changing much of their work style. It framework to enumerate all the possible scenarios leading
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 rapje 7. Rule describing typological knowledge of dwelling
working in the background to react and respond to accordtype “F”
ingly (e.g., visual information service, or checking seryice
in a user-understandable form. Since activities occur withirRule F
the co'mputl'ng framework, design tasks |dent|f|qat|on an Dwelling is in between, two other dwellings
selection of inference strategy, and so forth, are hidden from Dwelling, has, rectangular proportions
the users. Dwelling, has, two short sides in contact with the exterior

Dwelling, has, large isolated sides from the exterior

o . . Dwelling, 'has, courtyard
5.5. Description and representation of visual Dwelling, has, external terrace

typological knowledge: Compositional rules Dwelling, has, two stories

. Dwelling, has, orthogonal internal partition
In the 1970s and 1980s some attempts were made to definegntrance, is from, exterior

designs according to an organized body of compositional Entrance, is adjacent to, the kitchen
rules. This system of rules was known as shape grammarsStaircase, is in, the interior _ _
(e.g., Stiny & Gips, 1972; Stiny, 1980; Koning & Eizen- Sta!rcase, is detached.from,threegdes of the dwe]lmg
. . . Staircase, is, located, in the direction of the short side

berg, 1981; Knight, 1990hat consisted of algorithms that Staircase, is adjacent to, the kitchen
had arithmetic calculations on shapes. Shape generation Wasstaircase, Ihas, no contact with the exterior
controlled by defined structures, which allowed the con- Bedroom, kitchen and living room, have, one side in contact with the
struction of designs according to specific compositional ideas _ exterior
(March & Stiny, 1985. The concept of shape grammar en- Bathroom and bedroom, are located, on the second floor
ables the establishment of an initial shape or subset of shapesDwe”mg, has, double orientation
which are subsequently transformed through the applica- pwelling, has, a two-story facade that is exposed to external noise and
tion of rules. We consider each desired state of design as a climatic conditions
goal within the computing framework which is achieved by Dwglling,_has, internal vertical circulation which reduces horizontal
applying the associated rules under the goal-directed infer- _ ¢reufation .

. The compact location of kitchen in one extreme, helps to generate, large
ence strategy. In this way, shape grammars allow for para- .4 fiexible spaces in the dwelling
metric variations of shapes, which result in the composition The compact location of staircases in the center, contributes to, a better
of new forms. Such new shapes are obtained by recursively circulation between upper and lower floors
applying transformation rules over the original subset of The compact Ioce_ition Qf stgircases in thg center, results in, an obstacle
forms. Shape grammars have been conceived to overcome or @ double orientation view from the living room

. . . Kitchen, has, good ventilation
two main problems derived from the need to define lan- Kitchen, may not share, pipes with bathroom

guages of designstiny, 1976. The first one is confronted Location of bedroom in the upper floor, is useful to isolate, noise from
everyday by designers who want to create new designs. It living room

starts with the consideration of a limited number of design Climbing up, may demand, some effort

compositions based on a defined vocabulary of shapes andVPPe" floor, is not spatially connected with, the lower flpor

their corresponding spatial relationships, and continues on
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various potential designs aheaahich is applicable to the relevant dwelling examples is accompanied by a set of rules
second problem mentioned abgvim terms of the comput- describing various aspects of the visual typological knowl-
ing framework behaviors, initially an event-driven strategyedge. Now, let us look at a few examples.

may be applied within the framework to bring the designers ) i ) _

to a more informed state. Then a goal-directed strategy may EX@mple A: Dwelling directed toward a single open side;
be used once the designers are able to make the informdgrrendicular servicesA main characteristic of this type

decisions. Studies in shape grammars attempted to defirff dwelling is that it has only one open side facing the
and apply compositional rules to construct designs in refer€Xterior. On the other hand, the kitchen and the bathroom

ence to a specific style. A different focus will be set in our &€ typically arranged together on a wall transversal to the
work, where compositional rules will be considered in ref-argestside of the unit. Although the bathroomiis internal to
erence to the concept of typology. ScHa®88 argued that the dwelling, t_he kitchen usually opens to the extefsee
applying typological knowledge gained from previous ex- 1able 2 and Fig. b

perience in the form of ruIes_ enables the design(_er to make a Example B: Dwelling directed towards a single open side;
shortcut through the solution. Such rules, which can bgyngitydinal servicesA characteristic of this dwelling is
considered as the knowledge embraced in the internal strugn 1 it has only one open side facing to the exterior, and that
ture of the existing typology, are determinant to approacty gy the kitchen and the bathroom are arranged on an inter-
design problems in a rational way. In our study, a collection, o \vall parallel and adjacent to the corridor. Since the
of typological examples will help define and visualize a Setmajor spaces open to the exterior, kitchen and bathroom are

of rules, which will be elaborated to describe the visualiniernal functions with pipe ventilatiorsee Table 3 and
aspects of the formal and functional design considerationg;y 7,

(e.g., spatial relationships between design components, cir-

culation systems, etc.Such rules will represent relevant  Example C: Dwelling directed towards two perpendicu-
visual typological knowledge in the domain of dwelling, lar open sides.This type of unit dwelling has two perpen-
which in a further stage will be used to demonstrate thelicular open sides facing the exterior. For this reason, the
capability of a computerized model of design based on awelling is also known as an open corner unit. Although
visual typological approach. In this view, a selection ofthe bathroom is arranged on an internal wall adjacent to the
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corridor, the shortest side of the kitchen usually faces th@able 8. Rule describing typological knowledge of dwelling
exterior(see Table 4 and Fig. 8 type “G”

Example D: Dwelling directed towards two open and Rule G

parallel sides; interior and longitudinal staircase and inte- {LHS

rior services. Characteristic of this dwelling is that it has  Dwelling, is in between, two other dwellings

two stories, and two open sides at each end facing the ex- 2"e!ling, has, rectangular proportions .
) ) . Dwelling, has, two short sides in contact with the exterior and two large

terior. In general, services and staircases are arranged both g, ated sides

in an internal zone that has no contact with the exterior, and pwelling, !has, courtyard

parallel and adjacent to the longest walls of the unit. Al- Dwelling, has, external terrace

though kitchen and bathroom need mechanical ventilation, Pwelling, is, two stories N

this type of organization allows all the major functions to gnwt?!rcgé ???r'oor:hgf’tzr:;'r'”tema' partition

face the exteriofsee Table 5 and Fig.)9 Entrance: is from: the opposite side of the living room

Example E: Dwelling directed towards two short, open Ktchen is, in the center of the dwelling
Kitchen larger side, is adjacent to, the living room

anq parallgl sides; interior and Iongltudlnal Staircase; €X-  itchen, thas, contact with the exterior
terior services.The present dwelling also has two stories staircase, is in, the interior
and two open sides at each end facing the exterior. Stair- Staircase, is detached from, three sides of the dwelling
cases are arranged in an internal zone, adjacent and para”egtagrcase, is 'OZ?IEd in, thehd'Le_CtLO” of the short side
to the largest side. However, the kitchen is arranged adja- >\2/"¢ase. I, adjacent to, the kitchen
. . . Staircase, 'has, contact with the exterior
cept to t_he. largest side, and has Contad with t.he_eXter'or’ Bedroom and living room, have, one side in contact with the exterior
which eliminates the need of mechanical ventilatisee Bathroom and kitchen, have, one side in contact with the exterior
Table 6 and Fig. 10 Bathroom and kitchen, share, common pipes

Bedroom, is over, living room
Example F: Dwelling directed towards two open and par- Bathroom, is over, kitchen
allel sides; interior and transversal staircase; exterior RHS
services.This dwelling has two short open sides at each DPwelling, has, double orientation _
end in contact with the exterior. The staircases are arrangedDWIe.”'”?.’ has, d"’.‘t.two'smry facade that is exposed to external noise and
. . . climatic conditions
inan internal zone, transversal to the largest side. However, Dwelling, has, internal vertical circulation which reduces horizontal
services have contact with the exterior, and are adjacent to circulation
the staircasetsee Table 7 and Fig. 11 The central location of kitchen; bathroom and staircases, helps generate,
two main isolated areas in the extremes of the dwelling
Example G: Dwelling directed towards two open and The central location of kitchen; bathroom and staircases, does not help
parallel sides; interior and transversal staircase; interior generate, large and flexible spaces
services.This unitis double story with two short open sides The_ compact location of staircases in the center, contributes to, a better
at each end facing the exterior. The staircases and the ser-_ creulation between upper and lower floors .
. . . The compact location of staircases in the center, results in, an obstacle
vices are arranged in an internal zone, transversal to and {6, 5 gouble orientation view from the living room
detached from the Iargest sides of the unit. This type of Kitchen and bathroom, may not have, good ventilation
solution demands mechanical ventilation for the services Location of bedroom in the upper floor, is useful to isolate, noise from

(see Table 8 and Fig. 12 living room
Climbing up, may demand, some effort

Upper floor, is not spatially connected with, the lower flpor
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, wheranate poorly specified design tasks or complex processes by

the delivery framework was used to produce a visual typo<losing the gaps between users’ desires and computer ac-

logical thinking application. The process of developing thistions. The main role of this design tool is to make typolog-

visual design tool is by assembling and packaging softwaréal knowledge and visual typological knowledge accessible

components within the framework. The design tool has thén convenient ways to designers. For example, the tool could

capability of recognizing a designer’s intentions and desigrgenerate a number of abstract visual representations in a

details through its inference component, and providing usespecific form of relevant typological knowledge, which

ful information to help and guide the designer at variouswould give the designer an insight into functional and for-

stages of the design process. mal complex relationships of the conceptual desfgee
This design tool reflects the emergence of increasinglyFig. 13.

powerful and complex computing environments for build- The inference component of the systéime design tool

ing design. The tool is viewed as a software agent to autoperforms the task of translating the system’s goal into an
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Fig. 12. Dwelling example “G.”

_.__‘___‘
/
.'/’

intention to act, and translation of this intention into a set offlexible capacity of the computerized framework interprets
internal commands for execution within a cycle of goalthe designer’s needs and thus is able to provide new typo-
identification, plan generation, and plan execution. Seiogical visual solutions. On the other hand, the visualiza-
quences of actions, comparisons of results, and adjustmetibn of meaningful typological knowledge by the design
of activities are all coordinated with the users’ intentions.tool provides more valuable clues to the designer that can
In this way, a dynamic interactive dialogue between thehelp him or her reinterpretingnew) emerging solutions,
designer and the computer framework is established. Thiand modifying or clarifying ill-defined goals. This, in turn,
two-way cyclic process enables the designer to analyze theffectively controls the cyclic modification process of prior
provided visual typological solutions, and decompose thentdesign goals and intentions. The design tool has its own
into main subparts for detecting design inconsistencies. Thproblem-solving knowledge based on its primary purpose
or functionality. This knowledge guides the design tool as
to what data object§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.

Software components _ Interactive process
retrieval and packaging

Domain task representation Designer l

‘ 7. CONCLUSIONS

Typological knowledge .
in dwelling domain The computer framework provides a means for accommo-

dating design tasks, knowledgee., solution$ that can be

Fig. 13. Interactive process between the user and the computerized framé&ffectively accessed by building designers. The intelligent
work. design system described in this paper is capable of deliver-
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