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ABSTRACT

Feng Shui is a body of ancient Chinese knowledge that aims at creating a harmony between
environment, buildings and people. Nowadays, as many advance countries seek to establish
a deeper understandings of these relationships between the human and natural environments,
architects begin to recognize that Feng Shui as a broad ecologically and architecturally
connected paradigm. However, the development of Feng Shui principles and practices are
complicated and there is little research into the application of Feng Shui knowledge to the
built environment and architectural design. Knowledge-based expert systems approach is
one of the artificial intelligent techniques possessing a high potential to deal with intuitive
expertise which is appropriate to structure and represent the Feng Shui knowledge. This
paper investigates the potential of this concept in establishing a knowledge-based Feng Shui
expert systems for preliminary evaluation of architectural design.
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INTRODUCTION

Feng Shui, which translates as “wind” and “water”, is the Chinese wisdom in knowledge and
experience related to the built environment that has accumulated over more than three
thousand years. It has been developing throughout the existence of Chinese history and
civilization, and has evolved from Chinese philosophy. It is founded from the earliest and
greatest philosophy document of Chinese, Yi Jing (The Book of Changes) that developed ca.
800 B.C. The primitive knowledge of Feng Shui was based on the observation from three
sources: astronomical phenomena, natural phenomena and human behaviour (Feuchtwang,
1974). There are two main schools of thought and practice in Feng Shui: the Compass
School and the Form School. The Form School approach has been well recognized and
widely accepted by Feng Shui researchers as comprising the scientific bases in the analysis of
built environment (He, 1990; Cheng and Kong, 1993). The principles and practices of Feng
Shui aimed at creating a harmonised built environment for people to live in, and it represents
a traditional Chinese architectural theory for selecting favourable sites as well as a theory for
designing cities and buildings (Lee, 1986). Hwangbo (1999) recognized that the practice of
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Feng Shui is an intuitive matter that involving site selection and spatial organization, and it
has strong parallels with the western concept of geometry in architecture.

Architectural design was recognized as a very complex and intuitive process. Although
there were numerous studies tried to examine how architects learn and apply their knowledge
to the design of buildings, the design process itself still cannot be explicitly identified
(Gregory, 1966; Simon, 1969). As the way architectural design knowledge applied to
building design cannot be formulated, the term “black box” was used to present an architect’s
design mechanism (Jones, 1970). Architects used their knowledge from past experiences to
create spaces with desired experiential qualities. This design process required intuition and
individual past experience to tackle every entirely new building design situation. Humphreys
(1976) recognized that this mystical approach was remarkably similar to the Chinese
philosophy.

Design evaluation is an integral part of the design process that contributes continuously
during the design process. It is important for a design evaluation tool to have a mechanism
that allows a designer to perform a rapid analysis on building design at preliminary design
stages. However, problems arise when evaluating design alternatives. It is not easy to
translate all attributes into a common unit of value and these factors are also difficult to
measure. Most of the computer-based design evaluation systems have focused on individual
engineering problems rather than experiential qualities of the integrated built environment.
New directions of the total building performance concept (Hartkopf, Loftness and Mill,
1986) and integrated design evaluation systems (Augenbroe, 1992; D’Cruz and Vuong, 1994;
Gann et al., 2003) were still in the theoretical stage. This new direction into the integrative
evaluation of interdependency of building design is similar to the holistic view of the Feng
Shui approach to built environment.

Artificial Intelligence (Al) is a branch of computer science that dealing with symbolic,
non-algorithmic method of problems solving (Buchanan and Shortliffe, 1984). The
development of Al aimed to understand the human reasoning process and to develop
intelligent computer systems to supplement human brainpower. Since the preliminary design
of a building involved activities and decisions that are primarily heuristic in nature and rely
more on past experience and qualitative judgment than on quantitative computation, Al
techniques can be used to develop solutions to design problems where conventional computer
techniques have not proved suitable (Hardy and Danaher, 1994). It appears that the intuitive
nature of Feng Shui knowledge and the interrelationship and complexity of Form School
approach processing by the Feng Shui experts could be simulated and structured in Al
techniques by using heuristic rules and conceptual networks rather than logically deductive
structures of knowledge. The aim of this paper is to examining the appropriateness of
applying Feng Shui knowledge to design evaluation using knowledge-based expert systems
approach. Firstly, the principles and practices of Form School approach are explained and
four fundamental concepts are derived. Secondly, three widely used Al techniques applied to
solve design problems are compared for the suitability of Feng Shui knowledge. The benefits
of applying knowledge-based expert systems approach to Feng Shui design evaluation are
then explored. Finally, the conceptual framework of KBES for Feng Shui design evaluation
is constructed based on the four fundamental concepts of the Form School approach.
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FORM SCHOOL APPROACH

There are two main schools of thought and practice in Feng Shui: the Compass School and
the Form School. The Compass School is based on metaphysical speculations of cosmology,
in particular, this school analyses the directional aspects in terms of the relationship between
the Five Elements, Eight Trigrams, Heavenly Stems, Earthly Branches and constellations.
Practice in the Compass School uses primarily the Luopan (Feng Shui compass) and the
composed elements of time in space (Skinner, 1982; Chiou and Krishnamurti, 1997). The
Form School is primarily based on the verification of the physical configuration of mountains
and watercourses surrounding sites and buildings. Its theory was built upon an understanding
of the landscape: the profiles of the land, the sources of rivers and the terrain. The practice of
the Form School first observes the land formation and terrain, and then determines the
location and orientation of buildings.

The development of the Form School was widely accepted by the upper class of the
ancient Chinese society and attracted scholars and intellectuals to join its practice. The
principles of the Form School were applied to design and construct castles, palaces and
towns in China since ancient times (He and Luo, 1995). Lee (1986, p.367) suggested that the
principles and practices of the Form School approach represent “a compendium of Chinese
architectural theory”.

Since the Ming Dynasty (1368-1644), these two schools of thought were not exclusively
attached to their own methods for the practice of Feng Shui, but rather combined and
integrated ideas from both Compass and Form schools (Lee, 1986). However, the Form
School approach remained the primary consideration in Feng Shui practice (Xu, 1990; Too,
1996). Contemporarily, Form school approach has been recognized as comprising scientific
basis in the analysis of the built environment (He, 1990; Wang, 1992; Cheng and Kong
1993; Mak and Ng, 2005). For instance, one of the most important research investigations
carried out by Xu (1990) has compared the Feng Shui concepts using the Form School
approach and the Hendler model, a well-known western model of site analysis. The results
indicated that Feng Shui is a more powerful tool in site analysis than the Hendler model.

According to Zang Shu (the Book of Burial), the first surviving important literature on
Form School was written by Guo Pu (276-324), there are five main theories in terms of
Form, namely Qi, Wind-water, Four Emblems, Form and Direction theories (He, 1990). The
Form School approach considers mountain ridges, surrounding hills, watercourses, locations
and orientations as the most important terrestrial and celestial elements for human dwellings
because these elements represent both terrestrial and celestial Qi. These elements comprised
the basic terms of the Form School approach and were known as the “Five Feng Shui
Geographical Secrets”, namely, dragon, sand, water, cave and direction (Lip, 1979):

(1) Dragon: means the mountain ridges to be traced, and represents the topography,

(2) Sand: means the enfolding hills and soil condition, and represents the surrounding

environment,

(3) Water: means the flow of water through or by-passing the site,

(4) Cave: or “Feng Shui Spot” means the niche position, and represents the best location,

(5) Direction: means the facing direction of the site and building, and represents the

orientation.
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The five main theories of Form School approach together with these five Feng Shui
Geographical Secrets are developed into four fundamental concepts of Form School
approach (Mak, 2004):

(1) Concept of the Feng Shui model: The combination of these five Feng Shui
geographical elements of the Form School approach produced a classic Feng Shui model.
This model has been interpreted in diagrams of spatial organization of auspicious mountains
and watercourses in most of the ancient Feng Shui literature. Many Feng Shui researchers
have summarized these diagrams into a simplified sketch of a Feng Shui model as shown in
Figure 1 (Shang, 1992; Cheng and Kong, 1993; Han, 1995; Yi et al., 1996; He, 1998).
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Figure 1: Feng Shui Model (Figure 3-1in Yi et al., 1996)

(2) Concept of parallelism: Most Feng Shui scholars (Skinner, 1982; Lee, 1986; Xu,
1990) recognized that the theories and practices of Feng Shui work in macrocosm and
microcosm. This relationship is recognized as the concept of parallelism in Feng Shui (Lee,
1986). The concept of a Feng Shui model not only applied to landscape and site selection, but
it can also be applied to the interior layout of buildings. Therefore, whether it is dealing with
physical or topographical elements, or housing structure, or the proportional relationships of
the interior of a house, the same principles and relationships of the Feng Shui model are still
applied.

(3) Concept of four design modules: When describing the site conditions and the design
of dwellings, most of the Feng Shui texts, such as Yang Zhai Shi Shu (Ten Books on
Dwellings of Living) categorized these aspects into Outer Form and Inner Form. According
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to Lee (1986), the Outer Form can be identified as the location of the site, conditions that
surround the site, topographical conditions of the site and the shape of the site. The Inner
Form can be identified as the layout of the building, elevations of the building, and elements
of building. Feng Shui scholars, Cheng and Kong (1993) explained the application of the
Form School approach to the design of dwellings and proposed a further classification into
four design modules: surrounding environment, external layout, internal layout and interior
arrangement.

(4) Concept of Feng Shui criteria: Most contemporary Feng Shui scholars (Lip, 1979,
1986; Rossbach, 1984, 1987; Lee, 1986; Xu, 1990; Han, 1995; and Choy, 1999) have set up
their own criteria for Feng Shui evaluation. For instance, Lee (1986) outlined three-basic-
criteria for architectural design; Xu (1990) derived a four-step landscape model to deal with
land formations; Han (1995) used 24-major criteria for selection of the best location; Lip
(1979, 1986) listed a set of standard rules of thumb for assessment of architectural design;
Choy (1999) suggested a ten-point design criteria checklist for property selection; and
Rossbach (1984, 1987) provided a set of interior design diagrams for furniture placement.
Although these criteria derived from various contemporary Feng Shui scholars were
presented in different formats, they all follow the principles and practice of the Form School
approach. Based on these contemporary practices for Feng Shui evaluation, 24 key criteria
are identified (Mak, 2004) and grouped according to the four design modules as shown in
Table 1 (Mak et al., 2005).

Table 1: Feng Shui Criteria Grouped in Four Design Modules (Table 1 in Mak et al., 2005)

Surrounding External Internal Interior
Environment Layout Layout Arrangement

+ Topography + Shape of Site + Layout + Door Openings
¢ Front of Site ¢ Entrance + Doors + Bedroom

¢ Rear of Site + Shape of Building + Windows + Kitchen

¢ Sides of Site + Orientation + Shape of Rooms ¢ Living Room

# Street Location * Trees # Staircase + Bathroom

¢ Water View + Pond ¢ Ceiling

+ Wind Direction

These four fundamental concepts of Form School approach will become the base to
construct the conceptual framework and hierarchical structure of Feng Shui knowledge for
the development of the knowledge-based expert systems (Mak et al., 2005).

KNOWLEDGE-BASED EXPERT SYSTEMS FOR FENG SHUI KNOWLEDGE

In the early 1980s, Lansdown (1982) and Wager (1984) analyzed the applicability of Al and
more specifically expert systems to the construction industry, and concluded that some
domains such as design, consultation, interpretation, or planning appeared to be worthy of
significant consideration. Various Al techniques have been used to develop solutions to
design problems where conventional computer techniques have not proved suitable. Ballal
(1999) identified that there are three widely used Al techniques applied to solve design
problems: Case-Based Reasoning (CBR), Artificial Neural Networks (ANN) and
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Knowledge-Based Expert System (KBES). These three Al techniques have been considered
(e.g., Maher et al., 1988; Maher and Balachandran, 1994; Medsker and Liebowitz, 1994;
Tasso, 1998) and their strengths and weaknesses (e.g., Riesbeck and Schank, 1989; Schmitt,
1993; Vob, 1994; Brown and Wensley, 1995; Mukherjee and Deshpande, 1995; Rawicz and
Girling, 1995; Maher and Garza, 1996; Tarassenko, 1998; Feng and Xu, 1999; Liebowitz,
2001;) are compared in Table 2.

Table 2: Comparison of Three Al Techniques for Design Problems (Table 4.1 in Mak, 2004)

Strengths Weaknesses
Case-Based ¢ Learn from old problems ¢ Several hundred cases required for
Reasoning + Existing cases-memory stored in a database
(CBR) library + Information does not express reasons
+ Solution of new problems stored to ¢ Solutions only limited to known
improve knowledge of the system situations
Artificial ¢ Learning process capability ¢ “Black box” approach
Neural ¢ Training of the system without ¢ Large number of cases required for
Networks human interaction training
(ANN) ¢ Weighting and fuzzy logic allowed | # Relies on complex mathematical
calculations

+ No explanation facilities
¢ Lack of interpretability

Knowledge- + Domain-specific knowledge ¢ Too many rules in complex problems
Based + Humanistic approach + Expression of logic is long

Expert Systems | o Logic and heuristic rules allowed + No learning capabilities

(KBES) o Easy trace of logic # No generalized rules

+ Explanation facilities provided

Taking into consideration the above comparison of three commonly used Al techniques for
solving design problems, there are a number of advantages in investigating the potential of
the KBES for the development of knowledge structure. They are summarized as follows:

() The KBES approach to the behaviour of composite and complex systems results in an
explicit representation of both the knowledge base and the heuristic rule bases utilized to
apply this knowledge to a given problem. Unlike ANN, users are not faced with having
to interpret a “black box” solution to problems, as all of the assumptions, parameters,
models and data may be accessed, reviewed and modified at any time (Kesik, 1992).

(b) Although the ability to learn from existing cases and training processes have made both
CBR and ANN especially good at dealing with complex situations or solving new kinds
of problems, their major constraints are that these techniques require a large number of
cases for their database while these cases are not always available (\Vob, 1994).

(c) The humanistic approach of KBES uses logic and heuristic rules which can be easily
traced to review reasoning and explanations. Li and Love (1999) pointed out that this
explanation capacity not only expresses the logic reference of the system, but, more
importantly, it increases the user’s acceptance of the output. The explanation facility of
expert systems is a primary advantage of KBES over CBR and ANN.

(d) As uncertainty can be allowed for in KBES, gaps, discontinuities, or errors in the
knowledge base or heuristics may be readily identified and investigated. Users may be
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made aware that a higher level of risk is involved where knowledge is lacking or

insufficient. This makes it possible to explicitly assign the certainty of a given fact or

heuristic employed (Kesik, 1992).

(e) Although KBES approaches require many rules to be expressed in complex problem
environments and the chain of reasoning is lengthy (Riesbeck and Schank, 1989), this is

not a primary concern as this study is mainly focused on the knowledge structure of a

specific domain area at a conceptual framework and research prototype level.

Feng and Xu (1999) recommended KBES as being excellent in handling logic, heuristics
and domain knowledge, and Kesik (1992) recognized that KBES is an effective tool to
structure and represent knowledge. Based on these potential benefits of KBES, this paper
investigates the use of Knowledge-Based Expert Systems to structure and represent Feng
Shui knowledge. There are five main reasons that explain why this study adopted the KBES
approach:

(1) Domain-Specific Knowledge: KBES emphasized domain-specific knowledge rather
than general problem-solving strategies (Feigenbaum, 1977). The principles of Feng Shui
knowledge mainly concern architectural design and the built environment, and its practices
are applied specifically to site selection and building design. Therefore, the application of
Feng Shui knowledge to design evaluation fits the nature of a domain-specific knowledge
base.

(2) Human Experts: KBES are computer programs that perform sophisticated tasks once
thought possible only by human experts (Benfer et al., 1991). The fundamental function of
KBES is to transform the knowledge of “human experts” into a structured domain-specific
knowledge base. Like a human expert, a KBES gives advice by drawing upon its own store
of knowledge, and by requesting information specific to the problem at hand. The
intelligence of the KBES is the mechanism that combines this knowledge and information to
make decisions. While the principles and practices of Feng Shui are very complex, Feng Shui
Masters have always been respected as “experts” even though they obtain no formal training
or recognized qualifications.

(3) Heuristic Approach: A KBES is an ‘intelligent’ interactive computer program that
can play the role of a human expert by using heuristic knowledge or rules of thumb (Adeli,
1988). A KBES involves the creation of sophisticated computer programs that emulate the
complex human problem solving capabilities by exploiting explicit representations of
specific domain knowledge and by means of sophisticated reasoning algorithms (Tasso,
1998). The principles and practices of Feng Shui are too complex to express through a fixed
set of rules, and the inference engine of heuristic rules of thumb therefore provides a better
analytical base.

(4) Humanistic Approach: Smith (2000) described expert systems as the closest
approximation to human reason which has yet been devised in the field of Artificial
Intelligence. KBES development is very humanistic whereby frequent human interaction is
critical to the success of an expert system (Liebowitz, 2001). Knowledge acquisition is
usually a labor-intensive activity, involving interviewing domain experts and eliciting their
knowledge. The knowledge engineering life cycle process is an iterative one, incorporating
prototyping approaches that require the constant feedback from the users, knowledge
engineers, and domain experts. The rules and logic flow can be easily traced in order to see
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how the KBES is reasoning and handling explanations. Expert system testing and evaluation
requires frequent human interaction and dialogue. The user interface of an expert system is
designed on very frequent discussions and iterative displays with the intended users. Human
interaction is the fundamental approach of the KBES. These characteristics of KBES
correspond to the humanistic and intuitive approaches of Feng Shui practice.

(5) Explanation Facility: The primary strength of expert systems is based on the
capacity to provide explicit explanation for outputs. This explanation capacity enables users
to understand the logic reference of why and how the output is reached and increases users’
acceptance of such outputs (Li and Love, 1999). While most designers have little
understanding of the Feng Shui knowledge and practice of Form School approach, the
explanation facilities of KBES are able to explain the system’s conclusions and its reasoning.
Such explanation facilities will allow auditable analyses and more importantly, increase
designers’ acceptance of the system’s output.

The major advantages of KBES over other Al techniques, as discussed previously, are
that KBES provide a clear structure of knowledge and provide users with explanations
(Brown and Wensley, 1995). This nature of KBES is the primary reason why this study
selected KBES for the structuring of Feng Shui knowledge.

CONCEPTUAL FRAMEWORK OF KBES FOR FENG SHUI DESIGN EVALUATION

The most common structure of KBES involves knowledge acquisition, representation,
encoding and evaluation (Liebowitz, 1995). A number of useful KBES applications have
been developed according to this paradigm where the knowledge base has been coupled to
the heuristics (rules of thumb) of one or more experts in a particular field to produce useful
problem solving applications, such as MYCIN (Shortliffe, 1976), ELSIE (Brandon et al.,
1988), and BREDAMP (Allwood et al., 1988). In most cases, the areas investigated have
been highly focused, well defined and self-contained, as the primary aim of the application is
to solve problems within a human expert’s domain of specialization (Liebowitz, 1995).

However, the KBES for Feng Shui design evaluation is more difficult than conventional
design problems. The knowledge acquisition process for Feng Shui knowledge is a very
complex and difficult task, because the languages used in the classical Feng Shui texts may
have ambiguous linguistic meanings and difficult to interrupt. Knowledge representation in
Feng Shui is the mostly complicated task because Feng Shui knowledge has never been
organized into a schematic and consistent format, and the rules in classical Feng Shui texts
may be ill-defined, incomplete and inconsistent.

Since the knowledge acquisition is a complex process to obtain, organize and analyze
knowledge, Scott et al. (1991) recognized that detail investigation is required to develop a
conceptual framework at the knowledge acquisition stage. A conceptual framework creates
the full scope of a KBES and it consists of high-level descriptions of the tasks the KBES will
perform and provides a classification of the characteristics of the system. The procedures of
developing the conceptual framework of Feng Shui knowledge are as follows:

¢ Review and summarize relevant concepts from the Feng Shui knowledge.
e Develop an appropriate framework for analysis.
e Review trends, patterns and issues in Feng Shui principles and theories.
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e Review and summarize methods and findings in the main streams of design
evaluation research.

e Reinterpret and develop knowledge hierarchy from the Feng Shui perspective in
related to design evaluation research.

e Integrate the conceptual framework development.

Based on the fundamental concepts of Form School approach of Feng Shui knowledge, a
conceptual framework for Feng Shui design evaluation is constructed to demonstrate the
interrelationships between these four fundamental concepts as shown in Figure 2. This
conceptual framework enables the conceptualization of what activities are occurring to
accomplish the task of Feng Shui design evaluation without committing to the details of how
these activities are to be performed (Mak, 2004).

Concept of Concept of the Overall
Feng Shui Feng Shui Evaluation
4 Criteria ﬁ Model Module
Surrounding Conditions for Feng Shui Feng Shui Surrounding
Environment Feng Shui [ Criteria L Model L Environment
Module Criteria Analysis assessment Evaluation
Outer
Form
Evaluation
0N
3 External
2 xerna Conditions for Feng Shui Feng Shui External
EC' Layout Feng Shui [ Criteria | Model || Layout £
oo . . 0
-t Module Criteria Analysis assessment Evaluation =
2 =
Fd Ea
]
8 &
= P
3 o
o o
e a
s g
= Internal Conditions for Feng Shui Feng Shui Internal £
] Layout Feng Shui [ Criteria Y Model | Layout o
Criteria Analysis assessment Evaluation
S Module ¥
(8
Inner
Form
Evaluation
Interior Conditions for Feng Shui Feng Shui Intefior
Arrangement Feng Shui [ Criteria L Model L p| Arrangement
Module Criteria Analysis assessment Evaluation

Figure 2 Conceptual Framework of KBES for Feng Shui Design Evaluation
(Fig 6.8 in Mak, 2004)

Primarily, the conceptual framework comprised of five integrated modules, and the
concept of four design modules forms the skeletal structure of the conceptual framework
(Mak, 2005). The first four modules are determined according to the concept of the four
design modules; they are surrounding environment, external layout, internal layout, and
interior arrangement modules.

In each of these four design modules, the conditions for Feng Shui criteria are first
identified and assessed. Each of these conditions was linked to the corresponding Feng Shui
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criteria, and each of these criteria was represented an integrative part of the Feng Shui model
according to the concept of Feng Shui criteria as shown in Table 1. Each design module is
evaluated based on the assessment of the Feng Shui model in that particular design module.
An overall evaluation module is provided to process the integrated evaluation from all these
four design modules. There were two parts in the overall evaluation module: the Outer Form
and Inner Form as the concept of parallelism implies that the concept of Feng Shui model
applied to macrocosm as well as microcosm. The surrounding environment and external
layout modules are contributed to the Outer Form evaluation, while the internal layout and
interior arrangement modules are contributed to the Inner Form evaluation.

A questionnaire survey of architects in Sydney and Hong Kong was used to evaluate the
fundamental concepts of Form School approach and the developed structure of the
conceptual framework. The results of the survey demonstrated that the fundamental concepts
and the conceptual framework are accepted by architects (Mak, 2004; Mak and Ng, 2005).
Overall, there was very strong correlation between both groups of architects in Sydney and
Hong Kong notwithstanding the fact that they have very different cultural, educational and
geographical backgrounds.

CONCLUSION

Architectural design was recognized as a very complex and intuitive process. Architects used
their knowledge accumulated from intuition and past experiences to make heuristic design
decisions. These characteristics are similar to the eastern philosophy of direct insight into the
nature and the principles and practices of Feng Shui as applied in Chinese architecture.
Design evaluation is an integral part of the design process that contributed continuously
during the design process. It is important for a design evaluation tool to have a mechanism
that allows a designer to perform a rapid analysis on building design at preliminary design
stages. Feng Shui is a traditional Chinese architectural theory for selecting a favourable site
for dwellings as well as a theory for designing a domestic building. It is suggested that
interpreting Feng Shui knowledge would enable the development of a design evaluation tool
from this Chinese architectural discipline. In particular, the Form School provided a holistic
approach that allows integrated components and elements to be considered for the built
environment. Based on the Form School approach, four fundamental concepts were derived
from its principles and practices.

The development of Artificial Intelligence aimed to understand the human reasoning
process and to develop intelligent computer systems to supplement human brainpower. It
appears that the interrelationship and complexity of Feng Shui knowledge and the intuitive
aspect of Form school practices processing by the human experts could be structured and
simulated in Al techniques by using heuristic rules and conceptual networks. Based on five
main reasons, Knowledge-Based Expert Systems (KBES) is the most appropriate approach
for structuring and representing Feng Shui knowledge for design evaluation.

A conceptual framework comprised of five integrated modules is constructed based on
the four fundamental concepts of the Form School approach. This conceptual framework of
KBES for Feng Shui design evaluation will be evaluated by two groups of architects. The
refined conceptual framework will be developed into a prototype model and tested by
verification and validation process.
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