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Abstract—Feng Shui is a traditional Chinese wisdom which 

aimed at creating a harmony between environment, buildings 
and people.  With a desire to improve the relationship between 
human and the environment, there is an increasing interest for 
architects and other building professionals to apply the 
concepts of Feng Shui in building design and the built 
environment.  While Feng Shui has been practiced in China for 
more than three thousand years, little research has been done to 
capture the Feng Shui knowledge in a systematic manner.  
Knowledge-based expert systems (KBES) 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 outlines the 
design and development process of a prototype model of Feng 
Shui knowledge using knowledge-based expert systems 
approach. 
 

Index Terms—Feng Shui, knowledge-based expert systems, 
building design.  
 

I. INTRODUCTION 
Feng Shui, which translates as “wind” and “water”, is a 

body of ancient Chinese knowledge for improving the 
relationship between environment, buildings and people.  
The “Form School” is based on the understanding of physical 
configuration of geographical features and is the most 
dominant approach that has had a great impact on Chinese 
architecture.  In the 19th century, Western scholars first 
classified Feng Shui as a mixture of superstition, religious 
sentiment, and observational science [1]-[2].  However, since 
the 1970’s, Western scientists have changed to accept the 
development of a new complexity paradigm, and began to 
recognize that there are similarities between modern science 
and Eastern philosophy [3]-[4].  Westerners sought deeper 
understandings of the relationships between the human and 
natural environments, and embraced Feng Shui as a broadly 
ecological and architecturally connected paradigm [5].  
However, the development of Feng Shui principles and Form 
School practices are complicated and there is little research 
into the application of Feng Shui knowledge to the built 
environment.  

It is suggested that interpreting Feng Shui knowledge 
would enable the development of an alternative design 
evaluation tool.  In particular, the Form School provided a 
holistic approach that allows integrated components and 
elements to be considered for the built environment [6].  
Although contemporary Form School practices for 
architectural design have been expressed through various 

forms [6]-[11], there is a lack of a structured way to represent 
the Feng Shui knowledge in a scientific manner. 
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The development of Artificial Intelligence (AI) aims 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 AI techniques by using 
heuristic rules and conceptual networks. The 
Knowledge-Based Expert systems (KBES) approach is one 
of the AI techniques that possess the potential to deal with 
intuitive expertise and complexity of Feng Shui knowledge 
[12].  However, the design of a KBES model for the Feng 
Shui knowledge being applied to preliminary design 
evaluation is ground-breaking and costly to develop, it is 
sensible to develop them in stages, starting with a smaller 
developmental prototype model.  Satzinger et al. [13] 
suggested a four-stage developmental prototyping approach: 
(1) conceptual framework, (2) prototype design, (3) 
prototype development, and (4) prototype evaluation (Figure 
1). This aim of this paper is to outline the design and 
development process of the KBES prototype model for Feng 
Shui preliminary design evaluation. 
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Figure 1  Four stages of KBES prototyping process [14] 

II. CONCEPTUAL FRAMEWORK 
A conceptual framework creates the full scope of a 

KBES, which consists of high-level descriptions of the tasks 
the KBES will perform and provides a classification of the 
characteristics of the system.  According to Dologite [15], the 
first step when preparing a conceptual framework is to 
establish knowledge elicitation from literature and domain 
experts. The main focus of a conceptual framework is on the 
knowledge acquisition process and the hierarchy of the 
knowledge base of the KBES model.  The knowledge 
acquisition process continues until the conceptual framework 
is sufficiently complete to translate into a prototype model.  

The fundamental concepts are first derived from existing 
principles and practice of the Form School approach from the 
Feng Shui knowledge.  This process followed the procedure 



 
 

 

of grounded theory through the analysis of literature [16].  
Hence, the hierarchies of Feng Shui concepts are identified 
and constructed in a form of hierarchical structure utilizing 
concept hierarchy approach [17].  The processes of the 
establishment of the conceptual framework are detailed in 
[16] and [18].  A questionnaire survey of architects in Sydney 
and Hong Kong was used to evaluate the four fundamental 
concepts of Form School approach and the developed 
hierarchical structure of the conceptual framework.  The 
results of the survey demonstrated that these fundamental 
concepts and the conceptual framework are accepted by 
architects [16].  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 [19]. 
The differences between the survey results and the 
recommendations from Feng Shui scholars have been 
reviewed and refinements have been made to the final 
hierarchical structure [16]. 

III. PROTOTYPE DESIGN 
After the knowledge elicitation process, the Feng Shui 

knowledge acquired from the conceptual framework has to 
be converted into a form that the expert system can 
understand.  Satzinger et al. [13] recognized that the 
prototype design stage defines the structure of the prototype 
model and creates a logical structure of the inference 
network.  Dologite [15] suggested four basic steps in the 
design process of a knowledge-based system: (A) an isolated 
domain specific area is selected; (B) selected decisions are 
targeted to be prototyped; (C) dependency diagrams are 
created; and (D) decision tables are generated.  

A. Domain Specific Area 
Dologite [15] recognized that one isolated area of the 

knowledge domain has to be defined and a problem in the 
area is targeted to be prototyped for an initial concept testing.  
It is suggested that the holistic nature and intuitiveness of 
Feng Shui knowledge provides an integrative analysis at the 
early stage of building design [16].  The area selected for this 
prototype model was based on the principles of Feng Shui 
knowledge, the Form School approach and its practices for 
dwellings for the living.  The domain area for this prototype 
model was further specified to the design of residential 
buildings in urban settings according to the knowledge 
hierarchy and the conceptual framework developed in [18].  

B. Targeted Decision 
When the domain specific area is defined, the precise 

problem area is then targeted for the prototype model.  In 
order to organize the Feng Shui knowledge into a hierarchy 
specifically applicable to the preliminary design stages, the 
identified four stages of preliminary design were related to 
the four design modules in the hierarchical structure of Feng 
Shui knowledge [14] as shown in Table 1. 
 
Table 1 Target Preliminary Design Stages related to Feng Shui [14] 
 

Preliminary Design Stages Feng Shui Design Modules 
Site Analysis Surrounding Environment 
Concept Design External Layout 
Sketch Design Internal Layout 
Schematic Design Interior Arrangement 

The hierarchical structure for the target decision of the 
prototype model was expressed in a block diagram as shown 
in Figure 2.  This block diagram was derived from the 
hierarchical structure of Feng Shui knowledge established in 
the conceptual framework stage in relation to the identified 
preliminary design stages [16].  The block diagram illustrated 
the sequence in which the four design modules should 
perform and helps to define the critical factors in the target 
decision areas to be prototyped.  Based on the structure of the 
target decision of the prototype model, input action of the 
preliminary design stages was first identified to determine 
which design module(s) is/are required. There were three 
levels in the decision structure of the prototype model: (1) 
decision at design criteria level, (2) decision at Feng Shui 
model level, and (3) decision at overall evaluation level. 
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Figure 2 Block Diagram for the Target Decision 
 of the Prototype Model [14] 

C. Dependency Diagram 
The next step in the prototype design process is the 

transformation of the block diagram into dependency 
diagrams.  It is recognized that a dependency diagram is the 
analysis of judgmental knowledge that defines reasoning 
steps and produces the structure of inference [15].  

A detail dependency diagram produces detailed 
definitions of each reasoning step and structure of inference, 
and provides a detailed presentation of the relationships 
between critical factors, input questions, rules, values and 
recommendations made by the prototype model.  The block 
diagram for the target decision (Figure 2) was used to prepare 
the detailed dependency diagrams for the four design 
modules.  These created a complete graphic statement of the 



 
 

 

prototype model to be translated into the code of the actual 
prototype model in the development stage. Figure 3 shows an 
example that illustrated the components of a detailed 
dependency diagram. 
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Figure 3 Components of a Detail Dependency Diagram [14] 

 

D. Decision Table 
Creating decision tables is the final step in the design 

process of the prototype model.  Relationships are 
represented in the form of decision tables to capture the 
conclusion of the inference structure.  Each triangle in the 
dependency diagrams has to be supported with a decision 
table.  The decision tables present the factual knowledge that 
defined and classified characteristics, and organized facts and 
relationships.  The decision tables are created to show the 
interrelationships between the values of the outcome at any 
intermediate stage of evaluation or final recommendation of 
the prototype model.  

However, it is difficult to formulate the decisions.  
Decisions require evaluation of all values listed and require 
the expert to determine what would be concluded from the 
values given.  It is recognized that experts would sometime 
use a variety of special-purpose heuristics called 
“pseudorules” or “rules of thumb” to make a decision [15]. 

According to the Form School principles, there are five 
secret factors in the Feng Shui model.  It is recognized that no 
one secret factor is ever considered individually [20].  
Consideration needs to be given to all these five factors in a 
single process and they are always interrelated to each other.  
However, when considering all possible outcomes from these 
five factors within the 3-level classifications, there are total 
243 (= 35) possible outcomes in one Feng Shui model.  To 
create decision tables for this large number of combinations 
is not practical in the prototype model, therefore, it is 
necessary to prioritize these possible outcomes in order to 
develop a workable prototype model.  Xu [6] recognized that 
the process of prioritization in problem solving similar to the 
complex characteristics of human Feng Shui experts.  Based 
on the evaluation of the conceptual framework, rankings of 
design criteria in four design modules and the structure of the 
detail dependency diagrams of the four design modules, the 
priorities in inference are derived for each of the four design 
modules at the Feng Shui model level [16].  In this study, the 
prototype design considered the first two highest-ranking 

factors as primary factors and the remaining three factors as 
secondary factors. 

When the inference priorities were established and, the 
primary and secondary factors were determined, the 
inference structure of decisions at the Feng Shui model level 
was constructed as shown in Figure 4.  Each of the two 
identified primary factors has three possible outcomes: 
favorable, neutral and unfavorable, and they were derived 
from the inference structure and decision tables at the design 
criteria level and the intermediate level.  To reduce the 
combinations of the inference structure, the remaining three 
secondary factors with possible outcomes were grouped into 
two possible results, as “favorable or neutral” (F/N) and 
“unfavorable” (U).  As a result, there were a total of 18 
possible combinations of conditions that can occur at this 
decision point in the prototype model.  
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Figure 4  Inference Structure at Feng Shui Model Level [14] 

 
In the traditional Form School approach, judgments 

were explained as consequences of auspicious or 
inauspicious situations and the evaluation was broadly 
described as either lucky or unlucky to the family who lived 
in the dwellings [21].  Contemporarily, Xu [6] classified 
Feng Shui evaluation for landscaping into four categories as 
“best, good, okay and evil”. 

In this study, the possible outcomes of the prototype 
model for Feng Shui design evaluation were classified into 
five categories as: excellent, favorable, fair, unfavorable and 
bad.  As a result, this inference structure was reproduced in 
the form of a decision table for the surrounding environment 
module as shown in Table 3.  The complete set of decision 
tables at the Feng Shui model level for all four design 
modules are produced similarly. 



 
 

 

Table 3  Decision Table for the Surrounding Environment [14] 
 

 Secondary 
Factor 

Primary 
Factor 

Secondary 
Factor 

Primary 
Factor 

Second-ary 
Factor 

Conclusion 

Rule 
Code 

Dragon 
(SEG) 

Sand 
(SES) 

Water 
(SEW) 

Cave 
(SEC) 

Direction 
(SED) 

Surrounding 
Environment 

Module 
(SETL) 

SETL1 F/N F F/N F F/N Excellent 

SETL2 U F U F U Favorable 

SETL3 F/N F F/N N F/N Favorable 

SETL4 U F U N U Fair 

SETL5 F/N N F/N F F/N Favorable 

SETL6 U N U F U Fair 

SETL7 F/N F F/N U F/N Fair 

SETL8 U F U U U Unfavorable 

SETL9 F/N U F/N F F/N Fair 

SETL10 U U U F U Unfavorable 

SETL11 F/N N F/N N F/N Fair 

SETL12 U N U N U Unfavorable 

SETL13 F/N N F/N U F/N Unfavorable 

SETL14 U N U U U Bad 

SETL15 F/N U F/N N F/N Unfavorable 

SETL16 U U U N U Bad 

SETL17 F/N U F/N U F/N Unfavorable 

SETL18 U U U U U Bad 

Note: F=Favorable, N=Neutral, U=Unfavorable, / = or 

IV. PROTOTYPE DEVELOPMENT 
After the design stage, the prototype model for the Feng 

Shui knowledge is actually constructed at the development 
stage. Dologite [15] recognized that the development process  
involves: (A) the selection of appropriate computer 
languages and software, (B) the data flow diagrams, (C) the 
architecture of the prototype model, (D) the program 
structure, and (E) the input /output of the prototype model. 

A. Selection of Computer Languages and Software 
Two basic types of development tools for expert system 

are available: high-level programming languages and shell 
programs.  Shell programs pre-define how knowledge is to be 
represented and contain pre-constructed inference engines 
for accessing the knowledge base to reach conclusions. These 
shell programs are easy to use and especially good for 
developing prototype systems that can test the feasibility and 
soundness of the structure and concepts of systems before 
expensive development efforts are undertaken for larger 
systems [15], [22]. 

There are basically two types of shell programs for 
knowledge-based expert systems: rule-based and 
frame-based programs.  Rule-based programs store 
information in a knowledge base in the form of rules or 
conditions to act on information in the working memory.  
Rule-based systems are very powerful and flexible, and they 
are capable of manipulating large amounts of data, as well as 
handling logical steps and possible decisions.  VP-EXPERT 
was a shell program developed for the early stages of 
rule-based programs and was widely used for training and 
educational purposes [15], [ 23], [24]. 

B. Data Flow Diagrams 
As the dependency diagrams and decision tables of the 

prototype model were established in the design stage, it is 
necessary to identify a suitable process to transform the flow 

of information into relevant activities to develop the 
prototype model.  When analysing the flow of information 
around a system, a graphical representation can eliminate 
thousands of words.  Stair and Reynolds [25] recognized that 
Data Flow Diagrams (DFDs) technique provides a 
meaningful way of modelling objects, associations and 
activities and it is commonly used to develop conceptual 
frameworks for information systems [26]-[27]. The DFDs 
technique uses a graphical network of symbols to provide an 
overview of the flow of information.  It is a logical 
representation of “what” a system does rather than a physical 
model showing “how” it works [28].  The DFDs for the 
prototype model are presented are shown in Figure 5. 
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Figure 5  Data Flow Diagrams for the Prototype Model  

C. Architecture 
Based on the design process and the data flow process of 

the prototype model as discussed in previous sections, the 
architecture of the prototype model has been developed. The 
prototype model was called the Feng Shui Expert Evaluator 
for the design evaluation of residential buildings at 
preliminary design stages, and was abbreviated as FSEE.  It 
consisted of seven interrelated modules. 

Each of the first four design modules was designated for 
evaluating various types of design data at the four identified 
preliminary design stages. The fifth module, overall 
evaluation integrated all four design modules together.  In 
addition, input and output modules were provided for user 
interaction with prototype model.  Figure 6 shows the 
architecture of the FSEE prototype model and interactions 
between these seven modules. 
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Figure 6  Architecture of the Prototype Model  



 
 

 

D. Program Structure 
The shell program, VP-Expert Version 3.1 was selected as 
the development tool for the programming of the FSEE 
prototype model.  It used a production rules approach and 
backward chaining process to solve a specific problem on the 
rules in its knowledge base was called a “consultation”.  The 
program structure of the FSEE prototype model consisted of 
three main parts: 

(1) Actions: which define the planning, analysis and 
sequence of the solutions. 

(2) Rules: which contain the domain knowledge base. 
(3) Questions: which contain information about the 

planning process. 
Production rules are the most popular form of knowledge 

representation used in expert systems, because rules are 
relatively easy to understand and create.  Rosenman [29] 
recognized that rules are an intuitively appealing form of 
representation because of their ability to relate causal effects 
in a natural way and their ability to allow a natural format of 
language.  FSEE used a production rules approach to 
represent recommendations, directives or strategies when the 
knowledge to be represented consists of the results of much 
experience in solving problems in a particular knowledge 
domain.  Each rule consists of two parts, an “IF” and a 
“THEN”, which establishes a relationship that produces the 
core purpose of the rule. 

FSEE used the backward chaining process as its 
reasoning control strategy. It starts by knowing the goal 
variable for which the consultation session must determine a 
value. The first rule found with the goal in its conclusion 
causes the condition of that rule to become a sub-goal.  All 
the sub-goals must be determined or known for the “THEN” 
part of the rule to fire the goal variable and pass control back 
to the “Actions” block. If at any point a sub-goal cannot be 
satisfied with another sub-goal in another rule, the inference 
engine looks for an “ASK” statement in the “Questions” 
block to obtain the value from the user [15]. 

E. Input and Output 
In the FSEE program, variables that do not appear as the 

consequence of some rules in the knowledge base, but are 
considered potential questions for the user.  If the inference 
engine attempts to “FIND” such a variable, the user will be 
prompted for its value. This input mechanism was provided 
with “ASK” and “CHOICES” statements in the “Questions” 
block in the prototype program. 

The form of the prompt for a variable was defined by an 
“ASK” statement.  These prompts should be informative and 
they should tell the user how to gather and enter the 
information required. In this prototype program, there were 
finite numbers of possible answers to a question and they 
were defined by a “CHOICES” statement.  An example of the 
“ASK” and “CHOICES” statements in the input screen of the 
FSEE program is shown in Figure 7.  In this example, there 
were four possible answers to the question. Brief descriptions 
of the choices were provided to help the user to select the 
most appropriate answer. 

When the value of the overall evaluation was derived, a 
summary report of evaluation results was displayed at the end 
of the consultation.  This screen first provided a summary of 
the general settings, including project name, location, 
building type and the preliminary design stage selected.  
Then, the result of the overall preliminary design evaluation 

was presented.  A brief explanation of the overall evaluation 
was supported by the Outer form and Inner form results.  An 
example of the summary report is shown in Figure 8.  

 

 
 

Figure 7  An example of the Input Screen of the FSEE  
 

 
 

Figure 8  An example of a Summary Report of the FSEE  
 

Following the summary report, the detail report screen of 
the FSEE consultation provided more detail results to the 
evaluation of design modules and the five secret factors of 
the Feng Shui model.  Evaluation of each activated design 
module was provided, and individual results for each of the 
five Feng Shui secret factors were also tabulated as shown in 
Figure 9.  These detailed results provided an overall 
indication of the strength and weakness of the design of the 
proposed project.  As this consultation represents the 
preliminary design evaluation process, the designer has the 
opportunity to go back to the drawing board to review the 
design of the proposed project and pay special attention to 
any weaknesses indicated by the FSEE prototype model. 
 

 
 

Figure 9  An example of a Detail Report of the FSEE  



 
 

 

V. PROTOTYPE EVALUATION 
At the final stage of the prototyping process, testing and 

evaluation is required to determine the suitability and 
desirability of a prototype system.  The verification and 
validation process for the prototype model will be addressed.  
The verification focuses on ensuring the prototype model is 
developed correctly and accurately, and checking for 
consistency and completeness are involved.  The validation 
of the prototype model concentrates on evaluating the 
accuracy of the solutions provided by the prototype model 
and its performance.  The Turing test and Face validation 
techniques are used to assess the performance of the 
prototype model. The results of the Turing test indicated that 
the solutions generated by the FSEE are accurate and its 
performance are highly satisfied by both architectural and 
Feng Shui experts. The results of the Face validation with 
experienced practicing architects recognized that the FSEE is 
an effective alternative decision supporting tool and has 
considerable potential benefits in evaluating design decisions 
objectively, increasing consistency and providing better 
training to practicing architects [16]. 

 

VI. CONCLUSION 
Knowledge-Base Expert Systems (KBES) approach 
demonstrates distinct advantages to the structuring and 
representation of Feng Shui knowledge.  The prototyping 
process involved four stages process with conceptual 
framework, prototype design, prototype development and 
prototype evaluation.  Derived from the established 
conceptual framework, the design stage involves four basic 
steps to define the structure of the prototype model and create 
a logical structure of the inference network.  The 
development stage actually constructed the prototype model 
through the selection of shell program, the creation of the 
data flow diagrams and the establishment of the architecture 
of the prototype model. The Feng Shui Expert Evaluator 
(FSEE) was programmed using production rules and 
backward chaining approach, and the input & output of the 
consultation were presented. 

Although the Feng Shui knowledge provides a broad 
understanding of the Chinese architectural approach, a 
systematic development of Feng Shui knowledge has never 
been constructed.  In this paper, the design and development 
process of a KBES prototype model for Feng Shui 
knowledge has been established.  The applications of the 
knowledge-based expert systems approach provided a detail 
understanding of the logic of the Form School approach and 
created a structured framework for the evaluation of 
architectural design using the ancient Chinese wisdom of 
Feng Shui knowledge. 
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