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Abstract

Siheyuan, a traditional Chinese courtyard dwelling, is the cultural heritage where
Fengshui, the ancient Chinese superstitious geomancy, is embedded. This paper
presents a novel parametric approach to interpret the Fengshui theory Li Qi
computationally and develop its principles into an algorithm. We examined Fengshui
Li Qi concepts like ‘eight trigrams’, ‘seven colours’, ‘five elements’, and ‘nine starts’
to develop computational rules and apply them to Siheyuan houses' fortune status based
on room orientation, size ratio, and dimensions. A Grasshopper script to turn the rules
into an algorithm is created. Comparing computing results with other studies confirms
that the algorithm captured Fengshui Li Qi principles. The algorithm proposes a
parametric tool for examining Fengshui application in Siheyuan historical precedents
from an ancient Beijing map and measuring extant building surveys. The findings
showed that most Siheyuan houses were auspicious despite other forces, demonstrating
the impact of Fengshui culture on ancient Chinese society.

1. Introduction

In ancient Chinese philosophy, the cosmic aspect of nature is the essence of everything.
Therefore, ancient Chinese knowledge about it was applied to many subjects by analogy.
Fengshui (cloud and water) is the geomancy based on this analogy to guide adapting
cities, settlements, and buildings to achieve harmony with nature. Fengshui is defined
as a technical-art with traditional Chinese characteristics [!]. It is believed that Fengshui
implies ancient people's understanding of astronomy and geography based on
traditional Chinese philosophy [?l. The study of Fengshui in China was started by Pu
Guo, the founder of Fengshui in the Eastern Jin Dynasty. He took the cosmological
thought from the Book of Changes as the core idea to create the Fengshui theory. In the
early days, Fengshui was mainly concerned with the methods and principles of the site
selection and construction of palaces, residences, villages, and cemeteries. Since then,
Yunsong Yang and others in the Tang Dynasty have developed a set of operating
methods on this basis for finding suitable architectural activity space and building
suitable architectural forms, which contains a lot of concepts such as the Wu Xing (five
elements), Qi Se (seven colours), and Jiu Xing (nine stars) in environmental analysis
and mathematic calculation to reflect traditional Chinese cosmology.

There are two branches of Fengshui theory: Xing Shi (observing context) and Li
Qi (regulating vital energy). The Xing Shi helps geomancers to select an auspicious site
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and the Li Qi based on the concept of “cosmic resonance” helps craftsmen and
householders predict and select auspicious orientations, qualitative space, and
dimensions of rooms in the design process. The Li Qi branch of Fengshui was
established in the Song dynasty in Fujian, a province in south China. Thereby Li Qi is
also called Fujian Fengshui School. It experienced a long time of development over the
past hundreds of years, during which many sub-branches emerged. Although the rules
of Li Qi in different sub-branches vary, the core of them is to apply the principles of the
cosmos to determine some aspects of house design. Based on the understanding of the
cosmos, Li Qi was created as a rational method to be used by geomancers to find proper
forms of rooms, space, and even furniture in different environmental contexts that are
in harmony with nature. Qi is believed as a cosmic breath flowing in the air in the form
of invisible gas, which brings vitality to living. The Li Qi gives methods to design
proper building forms, which are believed able to regulate this energy to store them in
the house space.

Considering Fengshui as a cultural heritage, a large number of scholars in China
have conducted research on its cultural connotation, scientific value, and influence on
traditional architectural design. Cheng and Kong [*! explored the origin, development,
and theoretical methods of Fengshui, and explained the relationship between Fengshui
and ancient Chinese architecture and construction activities with many examples. They
revealed the value of Fengshui from both social and natural scientific perspectives.
Kang and Kang ¥ explained how Fengshui theory guides the design and construction
activities of cities, villages, and buildings generally. Wang [°! examined the origin and
history, the development of different schools, and the philosophy and scientific
connotation of Fengshui, as well as its specific application in the site selection, planning,
design, and construction practice of buildings such as towns, palace, houses, and
mausoleums. These studies elucidated the relationship between traditional architecture
and Fengshui culture and the Fengshui principles’ influence on architectural design in
general.

On the other hand, under the double background of the social crisis of "population
explosion", "environmental pollution" and "resource depletion”, and the great
development of natural and social sciences such as "information theory",
"environmental engineering", and "ecological engineering" since the 1950s, western
scholars began to pay attention to the theoretical exploration of traditional Chinese
architectural culture to compare and reflect on Western culture, in which Fengshui was
concerned by architectural and urban planning scholars. Needham ©! explored the
cultural connotation of traditional Chinese architecture from the perspective of
Fengshui, in which he summarized that Fengshui theory contains obvious aesthetic
components and profound philosophical thoughts. He thought the perfect and
harmonious organic combination of traditional Chinese architecture and the natural
environment was extremely beautiful, which can be explained based on Fengshui theory.
Since then, many western scholars have discussed the influence of Fengshui in site
selection and design aspects of ancient Chinese cities, villages, and buildings. Among
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them, Steinhardt's ") research on the influence of Fengshui on ancient Chinese cities
and architectural forms and Knapp's [ research on the Fengshui culture embedded in
traditional Chinese residential houses are the most famous. From the viewpoint of
anthropology, these studies early focus on ancient Chinese urban planning and
architectural design from the perspective of Fengshui.

From the perspective of physics and environmental psychology, the scientificity of
Fengshui has been proved > 19, Meanwhile, as a part of traditional Chinese culture,
scholars are aware that the inheritance of Fengshui contributes to the preservation of
architectural heritage and local community spirit [''. Consequently, many scholars
conducted empirical studies to investigate the influence of Fengshui on the design of
13, 14,15, 16,171 "and mausoleums '), and the protection of
forests 1% 2% using quantitative methods in recent years [>!1. However, the number of

traditional villages ['?], cities !

studies on Fengshui for traditional dwelling design is relatively smaller. In the context
of Taiwanese vernacular dwellings, a courtyard house type that is homologous to
Siheyuan, Chiou and Krishnamurti [**! investigated the method from Li Qi to determine
the fortunate dimension of a building and interpreted it in an algorithmic format. They
also introduced applications of Li Qi in finding fortunate orientations of a site and
auspicious dates to start building construction and implemented it in computers 2],
Meanwhile, Wang et al. " created an interactive tool to parametrically design
traditional Beijing courtyard dwellings following Fengshui, in which assessment rules

of the fortune of Siheyuan site context from Xing Shi were embedded.

As a fundamental type of residential building in Beijing for more than one
millennium, Siheyuan (quadrangle courtyard housing) has experienced a complicated
process of development #°! and plays a significant part in the precious architectural
heritage of all humankind, in which abundant Chinese philosophy was embedded 262!,
Figure 1 illustrates a one-courtyard Siheyuan and a three-courtyard Siheyuan in plan
view and a three-dimensional three-courtyard Siheyuan model. The three-courtyard
Siheyuan is considered an ideal archetype, consisting of three courtyards axially aligned
and symmetrically surrounded by individual buildings, connected by orthogonally
located corridors, walls, and gates. However, despite the ideal archetype, most common
Siheyuan precedents include only one courtyard. Rooms are the most essential elements
in Siheyuan, which is in the form of individual buildings. Courtyards of different types
have different room layout patterns and contain rooms of different types.
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Figure 1. A one-courtyard Siheyuan (top left) and a three-courtyard Siheyuan (top
right) in plan view and a three-dimensional three-courtyard Siheyuan model (bottom)
(This figure is created by the authors using SketchUp)

As the socio-cultural artefacts, Siheyuan has attracted historians to explore its
cultural connotations [*®2°1. Although the design principles and cultural characteristics
have been revealed [*%3!), research on Siheyuan Fengshui, the important cultural factor,
was limited. We realized that the principles of Fengshui hide a set of rigorous
mathematical logic relations. The mechanism of Fengshui principles' influence on
construction activities and the final built environment can be reasoned and expressed
in a precise and quantified way. Therefore, mathematical calculation tools and computer
technology are used to study the principles of Fengshui.

It is noted that, although scholars have made some progress in the study of
Fengshui, the findings are limited as there is still a lack of thorough examination of its
influence on building forms, which may cause a superficial understanding of Fengshui



culture. In the context of traditional Beijing courtyard dwellings, Xu 2! investigated
the influence of Fengshui rules on the dwelling form design from a historical-cultural
perspective. We believe that, regarding the nature of mathematical logic embedded in
Fengshui, we can employ a parametric approach to develop accurate and quantitative
analytical models to interpret the Fengshui principles’ influence on architectural forms
in detail.

The study selects the representative culture artefact, Siheyuan, as the research
object. Li Qi rules the architectural forms including three aspects of Siheyuan design:
room orientation, room size ratios, and room dimensions. Although previous studies
made passing reference to the principles of Fengshui in architectural design 2% 2332,
the implementation of Fengshui in the Siheyuan’s form in practice has rarely been
investigated, which means, the Fengshui influence on the details of Siheyuan room
design, remains unclear.

2. Methods

This study aims to explore how principles from Fengshui affect Siheyuan design as well
as investigate how Fengshui harmonizes with other forces to constrain Siheyuan’s form
in practice, through the development of a parametric tool. In particular, we address three
research questions:

1. What are the Fengshui Li Qi principles and how do they influence Siheyuan room
design?

2. How can these principles be implemented into parametric design and be applied as
an interactive tool for examining the fortune of a Siheyuan house?

3. Were these principles being applied in traditional Siheyuan design practice?

As stated above, Li Qi dominantly shapes the form of Siheyuan. Principles in
Fengshui constraining orientation, size ratio, and dimensions of Siheyuan rooms were
selected to study, which were originally recorded in historical books such as Yang Zhai
San Yao (Three Essences of Positive Houses) **) and Bai Zhai Ming Jing (Eight
Mansions Bright Mirror) B4,

We attempted to uncover Fengshui’s influence by developing a digital interactive
tool. Specifically, we examined the Fengshui Li Qi principles of Siheyuan design
recorded in historical literature, and then transformed the rules into an algorithm by
formulating a script in Rhino/Grasshopper to parametrically generate the design results.
To verify our algorithm, we compared the computing results with research findings
from other studies to confirm if the algorithm is considered to have captured the
Fengshui Li Qi principles. If not, the Fengshui knowledge is re-studied to revise the
algorithm. In addition, we tested our algorithm by entering data of historical Siheyuan
examples into the tool to generate results shaped by Fengshui principles and then
compared them with corresponding original examples. The specific workflow is shown
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in Figure 2.
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Figure 2. The specific workflow. (This figure is created by the authors using Adobe
Ilustrator)

2.1 Analysis of Fengshui principles

Fengshui geomancers supposed a kind of mysterious energy called Qi flows in the air
in the form of invisible gas. It is believed this gas brings good fortune to people. Li Qi
is the method to steer this energy. In the case of Siheyuan, the proper size ratios and
function of rooms can store this energy in the housing space. Differing from the Xing
Shi branch that gives rules to define the fortune qualitatively, the principles from Li Q1
to rule house design are originally computation-based. There are many concepts, such
as ‘eight trigrams’, ‘five elements’, and ‘nine starts’, created by Fengshui to represent
the rules underlying the cosmos, which could be visualized in the form of diagrams. To
clarify the computation underlying Li Qi rules, it is essential to understand these
concepts first.

The concept of ‘eight trigrams’ comes from He Tu (River Map) and Luo Shu (River
Book), two mysterious diagrams (see Figure 3) passed down from ancient China. As a
part of Chinese mythology, the two diagrams named by the rivers He and Luo, which
are believed as the origin of ancient Chinese civilization, are developed as a part of
Chinese philosophy. Although there are references to the origin of the two diagrams in
a myth from the historical books Yi Jing (Canon of Changes) and Shang Shu (The Book

of Documents), the actual origin remains unknown and little is known about them even
7



today.

Juy

Figure 3. The He Tu diagram (left) and the Luo Shu diagram (right) (This figure is
created by the authors using Adobe Illustrator).

As shown in Figure 3, in the two diagrams, there are figures composed of sets of
dots, of which the He Tu is composed by a crosswise arrangement while the Luo Shu
is a three-by-three grid. The essence of each set of dots is the dot number and colour.
The numbers are from one to ten in He Tu and one to nine in Luo Shu, of which the odd
ones mean Yang while the even ones mean Yin. Meanwhile, both in He Tu and Luo Shu,
the dot colour could be white, meaning Yang, or black, meaning Yin.

Regarding the dot number and colour, in He Tu, 1 in black and 6 in white are
arranged to the north, 2 in black and 7 in white to the south, 3 in white and 8 in black
to the east, 4 in white and 9 in black to the west, and 5 in white and 10 in black in the
centre. In the He Tu diagram, it is noted that in each location, a Yin dot and a Yang dot
are coupled to achieve the balance. The five numbers 1 to 5 are defined as Sheng Shu
(mother numbers), which produce the other five numbers 6 to 10, called Cheng Shu
(son numbers). In Fengshui, the mother numbers mean Yin while the son numbers mean
Yang.

In Luo Shu, the dots with numbers from 1 to 9 are located in a three-by-three
orthogonal grid, in which 5 in white is located in the centre, 1 in white at the bottom, 9
in white at the top, 3 in white in the middle left, 7 in white in the middle right, 4 in the
northwest, 2 in the northeast, 8 in the southwest, and 6 in the southeast. In this grid, the
sum of dots numbers in each column or row is 15. In Luo Shu, the odd numbers belong
to Yang while the even numbers belong to Yin. The even numbers are distributed to the
middle of the four sides, while the odd numbers are located in the four corners and the
middle of the grid.

Rooted in dualism, Yin Yang is a concept of Chinese philosophy that describes
things in the relationships of both opposition and interconnection in the natural world.
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Both He Tu and Luo Shu contain the principles of Yin and Yang, as one explains how
the two attributes harmonize with each other, and the other illustrates how they exist
oppositely. It is believed that the dual consideration embedded in Yin Yang results in
eight trigrams.

There is a recursive dissection of the universe underlying Yin Yang, which results
in the eight trigrams. All things of the universe could be categorized into two opposite
attributes, Yin and Yang, by the binary concept called two elementary forms, as
illustrated in Figure 4. In the diagram of trigrams, Yin is represented as two short lines
while Yang is a long line. Things of Yin or Yang could be categorized as four bigrams,
called four emblematic symbols, based on the binary concept. An additional trigram
could be added to the previous one, to become Tai Yang or Shao Yin of Yang or Shao
Yang or Tai Yin of Yin. Additionally and similarly, each of the four bigrams could be
categorized into two attributes, which finally results in the eight trigrams: Qian, Dui,
Li, Zhen, Xun, Kan, Gen, and Kun. Consequently, the eight trigrams could be
categorized into one of the attributes: Yin or Yang. This binary recursive dissection of
the universe that originated from Yi Jing was considered a fractal model.

universe

change | @ I

yang yin
two principles — ,—_ _—|
tai ylang shaclJ yin shao yang tai yin
four bigrams |—=-| r—_—..l r_=_I I_= =_|
gian dui li zhen xun kan gen kun
eighttrigrams I o e e e e e s s . BN Emm
I LB I I | . LI | I |

Figure 4. The recursive dissection of the universe is described by the Yin Yang
concept (This figure is created by the authors using Adobe Illustrator).

The Yin Yang, four bigrams, and eight trigrams are analogized to many natural or
social objects. For example, the four bigrams correspond to the four orientations: east,
west, north, and south, the eight trigrams represent eight natural phenomena: heaven,
lake, sun lightning, thunder, wind, moon, mountain, and earth, and the Yin Yang is
analogized to two spaces: ground and sky.

A mathematical relationship between He Tu and Luo Shu is rooted in the numbers
distributed to the eight trigrams. Distributing the numbers of dots in He Tu in the
sequence of the west, east, south, and north to the eight trigrams in the sequence from
most Yang to most Yin (from left to right in Figure 4), they are paired as Qian and 9,
Dui and 4, Li and 3, Zhen and 8, Xun and 2, Kan and 7, Gen and 6, and Kun and 1. As
shown in Figure 5, the order of the eight trigrams was arranged by Fu Xi, named ‘eight
trigrams in the former heaven order’. The pairs of trigrams and number locations in
eight trigrams in the former heaven order are the same as the number locations in Luo

9



Shu, except for the number 5 in the middle. Based on the mathematical relationship
between the numbers in He Tu and Luo Shu and the concept of the ‘five elements’,
Zhou Wen Wang (King Wen of the Zhou dynasty) re-arranged the location of the eight
trigrams on the eight locations in the former heaven order, named as the ‘eight trigrams
in the later heaven order’, as illustrated in Figure 5.

gian kan
dui — < EE
Y, i gian gen
I 4 9 2 " | 6 1 8 0
i dui 7 5 3
“I|| ) 7 I|I . ||| |”Zhen
8 1 6 N 2 9 4 ,
N 7, N
zhe}\\ o — // gen kun\\\ e //Ajn
kun i

Figure 5. The eight trigrams in the former heaven order (left) and the later heaven
order (right) (This figure is created by the authors using Adobe Illustrator).

The other essential concept of Li Qi is the five elements, describing five types of natural
elements: metal, wood, water, fire, and earth, called Wu Xing. The concept of five
elements first comes from Shang Shu, the ancient Chinese book that collected historical
and social activities from the late primitive period (circa 3000-? BC) to the Zhou
dynasty (circa 1027BC — 256 BC). It is believed that, in Chinese philosophy, all objects
in the universe are made by the parts of the five elements. Consequently, they are
considered the physical fundament of the universe. There are rules that one element can
produce one or destroy another one between the five elements, as shown in Figure 6. It
is crucial, in Fengshui, to balance the five elements following these rules to regulate the
Qi. In many other categories, the five elements are associated with some other attributes,
one of which is used in architectural design is orientation. As shown in Figure 7, each
orientation, represented by one location within the three-by-three grids, is associated
with one of the five elements: east and southeast are wood, west and northwest are
metal, south is fire, north is water, and northeast, southwest, and centre are earth. As
noted, each grid is also associated with one of the nine numbers from one to nine and
one of the seven colours of white, red, yellow, dark green, black purple, and green.



wood earth
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Figure 6. The productive and destructive relationship between the five elements. (This
figure is created by the authors using Adobe Illustrator)

F:'/L x R 6 1 8 metal | water | earth white | white | white | N
Qian | Kan | Gen
I = dark
7 5 3 red ellow
Dui Zhen metal | earth | wood y green
X X0 ae )
qu L s 2 9 4 earth | fire [wood black | purple | green

Kun Li Xun

eight trigrams numbers five elements colors
Figure 7. The correspondence of attributes of the eight trigrams, the nine numbers, the
five elements, and the seven colours. (This figure is created by the authors using
Adobe Illustrator)

The mathematics underlying the eight trigrams and the computation underlying
the five elements producing and destroying rules were developed with more complex
rules to determine the architectural design. Specifically, Fengshui geomancers
incorporated the above attributes in the three-by-three grid in the latter heaven order to
constitute the principles of Li Qi.

2.2 The room orientation algorithm

The orientation of rooms in Siheyuan is ruled by the Siheyuan courtyard axis. Once the
courtyard axis is defined, the initial orientation of each room could be identified
according to the forces from Xing Shi and the urban context. The principles have been
interpreted and formulated as an algorithm **. The procedures of Siheyuan room
orientation design are to consider the Xing Shi and urban context first to generate the
initial room orientation, and then apply Li Qi principles to adjust it. Therefore,
following their method for generating the initial orientation, we create the algorithm
simulating the Li Qi principles to additionally adjust it.
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Specifically, the principle of Fengshui Li Qi enables rooms to slightly rotate in
order to orientate in an auspicious direction. Referring to the original considerations of
Fengshui and the urban planning of historical Beijing, the principle of Siheyuan room
orientation derived from Li Qi is simplified as a constraint: ‘being within the auspicious
degree ranges of orientation’. The simplest way to find the auspicious degree is to use
a Fengshui compass, which averagely divides a two-dimensional plane into 24 sections
(called ‘twenty-four mountains’) by 15 degrees and additionally divides each section
into 5 subsections by 3 degrees, as shown in Figure 8. Degrees located within each
second and fourth subsection are defined as auspicious orientation. The constraint
requires the front elevation of the rooms of each courtyard in Siheyuan orientated within
the range of auspicious degrees.

eight trigram

I
.
Y
i

4
i

QYL
%ﬁ

&\;\‘
\

o &S
Wﬂ% N
twenty four ///I/ \\\\\\\\\

\
7

%

mountains 7",’ //II‘
one hundred ' Y | o
twenty sections

@ auspicious orientation
C———] ominious orientation

Figure 8. The interpretation of the fortunate orientations associated with five
elements, twenty-four mountains, and eight trigrams (right) of a Fengshui compass.
(This figure is created by the authors using Adobe Illustrator)

The Li Qi principle for the room orientation identification could be implemented
by the following procedures:

1. It has to be tested, in the plan view, whether the orientation of the room’s front
elevation is within the section of auspicious orientation shown on a Fengshui
compass;

2. If not, the angles between the room and its adjacent boundaries of auspicious
orientation have to be measured on the Fengshui compass, both clockwise and
anticlockwise;

3. The clockwise angle degree and the anticlockwise angle degree have to be
compared, and the smaller one is chosen;

4. The room has to be rotated around the room plan’s central point to the boundary of
the auspicious orientation section. It is noted the rotation could be clockwise and
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anticlockwise, but it is required to choose the one whose rotation angle is smaller;
5. If'the rotated room is out of the courtyard boundary, it has to be moved to ensure it
is within the courtyard.

To simulate the procedures computationally, a force vector algorithm is employed. First,
a rotary force is added to simulate the Li Qi principle. After the initial orientation of

each room is identified, a vector ——————— whose orientation is perpendicular to
F(orientation)

the front elevation of a room and oriented to the outside of the room, is collected to test
whether it lies within the auspicious sections mentioned. To simulate this, taking the
north as the scale of 0 degrees, the degrees within a two-dimensional plane are
calculated as 0 to 360 degrees clockwise, of which degrees within auspicious sections
are recorded. Then the angel between the vector’s orientation and the 0 degrees is
measured, as indicated Dpg yrientation tO test if the degree is within auspicious sections.
If it is, the room is auspiciously orientated, and no additional step is needed. If not, the
two boundaries of the ominous section it is fitted in are identified as two vectors
Diiockwise adjancent and  Dgntictockwise ad jancent tOMeasure the angles between each

of them and the vector ——————— . Then the degree of the smaller angle is referred
F(orientation)

to set a rotatory vector to rotate the room to the boundary of the closer auspicious
section.

The angle between the orientation of the front elevation of the room and the
auspicious orientation is calculated by Equation (1):

f(DF angle) = (Dclockwise adjancent — DF orientation) - (DF orientation ~—

Danticlockwise adjancent) ( 1 )

The rotation degree is calculated based on Equation (2):

If f(DF angle) > O, rotate DF orientation — Danticlockwise adjacent» the degree is for

anticlockwise rotation, if f(DF angle) < 0, rotate  Dgyockwise adjancent —

Dr orientation, the degree is for clockwise rotation. (2)

To implement the algorithm in Siheyuan design, it detects whether the room is
within the courtyard boundaries by using Equation (1). If not, a rotary vector calculated
by Equation (2) for rotation and a line vector movement could be employed to ensure
it is auspiciously orientated and located within the courtyard.

2.3 The room size ratios algorithm

The courtyard layout principles give a constraint that requires that, in a courtyard, the
room size ratio should be in the sequence from large to small as primary room >

secondary rooms > opposite room = backside room > primary wing rooms > secondary
13



wing rooms. On the other hand, Fengshui Li Qi gives rules to predict the householder’s
fortune by defining auspicious areas and ominous areas of a courtyard, which becomes
another constraint of room size ratios.

The essence of Li Qi that determines room size ratios is to identify how auspicious
or ominous each area is within a courtyard, then to arrange the rooms following the rule
that the most auspicious area is used for the largest room and so in ranking order, and
vice-versa for the ominous areas. In Fengshui, there are many methods to identify the
fortune of areas, such as Da You Nian (big tour calendar), Chuan Gong Jiu Xing
(crossing courtyard nine stars), Fen Fang Jie Lu (dividing rooms and intercepting paths),
whose logics are similar but the determination of parameters and the applicable types
of Siheyuan vary. Regarding that there are different methods applied to different
Siheyuans, Siheyuan is classified into three types: one-courtyard Siheyuan, Siheyuan
with multiple courtyards aligned in the depth direction, and Siheyuan with multiple
courtyards aligned orthogonally. Here the method of one courtyard Siheyuan is
proposed first, and then the differences between it and the method of the other two
Siheyuan types are supplemented.

For one-courtyard Siheyuan:

1. Like the diagram of Luo Shu, the courtyard of the Siheyuan has to be averagely
divided into nine areas with a three-by-three grid, and then the eight trigrams are
allocated to the eight boundary areas (the central area is left as empty) according
to its orientation. The allocations of each trigram corresponding to the eight
boundary areas are in the latter heaven order: east-Zhen, southeast-Xun, south-Li,
southwest-Kun, west-Dui, northwest-Qian, north-Kan, and northeast-Gen. The
attribute of an area includes one of eight trigrams, one of the five elements, a
number between one and nine, and one of seven colours, which depends on the
area’s location, as shown in Figure 7,

2. One of the eight boundary areas has to be identified as the area of fortune origin,
which is the initial parameter used in the procedures to identify the fortune of the
rest seven areas. The area of fortune origin is where the central point of the key
space is located. Either the entry gate or the primary room could be the key space.
It is important to state the selection of the type of the key space. In many other
methods, rather than defining the fortune origin area by locating the central point
of the key space, the birthday of the householder is used as an inputting parameter
to find the fortune origin area, whose procedures are also algorithmically based.
However, Lu and Wang ® have pointed out that in Siheyuan design, the
identification of the fortune origin area may have been simplified by locating the
key space’s central point. In this study, therefore, we ignore the methods based on
birthdays.

3. The attribute ‘Jiu Xing (nine stars)’ has to be assigned to eight boundary areas
according to the location of the area of fortune origin. In Fengshui, the seven stars
of the Great Bear constellation and two nearby stars, called ‘nine stars’, were
analogized with meanings of fortune. Each of the nine stars is assigned with fortune
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(auspicious or ominous), a meaning, one of nine numbers, and one of five elements,
as shown in Table 1. Each of the eight boundary areas is assigned with one or two
of the nine stars associated with one of the eight trigrams. There are eight patterns
of the assignment of nine stars. The pattern is determined by the location of the
area of fortune origin. Once the area of fortune origin is identified, each area’s
associating star(s) is (are) determined (the area of fortune origin is assigned with
two stars, Zuo Fu and You Bi). Geomancers created a pithy formula to represent
the eight results corresponding to the eight areas as being the area of fortune origin.
The eight results are shown in Figure 9.

nine numbers 1 2 3 4 5 6 7 8 9
nine stars FR Ei7 PR AT CHA i HHH [ &4 it | A5
Tanlang Jumen Lucun Wenqu | Lianzhen Wuqu Pojun Zuofu Youbi
five elements wood earth earth water fire metal metal water wood
e S L 5
meaning | s | | ogm [ L BR O g g A
. tianyi . liusha wugui . : S
shengqi (heavenly huohai (six (five yannian | jueming key space
(vitality) doctor) (disaster) goblins) | ghosts) (longevity)| (death) (essence)
fortune [ o @] ® @ o [ [ J

@ auspicious @ ominious

Table 1. Correspondence between the nine numbers, nine stars, five elements,
meanings, and their fortune (This table is created by the authors using Adobe

[lustrator).
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FediiZuofy . a5 Fedfizuofd o 5 . [EdiZuofu e s X
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Wuqu | Pojun | Lucun Lucun | Wuqu | Tanlang Tanlang | Lucun | Pojun Lucun | Tanlang [ Wuqu

@ The keyspace located area

Figure 9. Eight results of assigning the nine stars to eight trigrams (This figure is
created by the authors using Adobe Illustrator).

The fortune of each of the eight boundary areas is calculated by the principle ‘five
elements produce and destroy each other’. Each of the eight trigrams attributes an
element within the five elements corresponding to their locations in the three-by-
three grids, as shown in Figure 7. Each star of the nine stars is assigned fortune and
one of the five elements as an attribute, shown in Table 1. The principle ‘five
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elements produce and destroy each other’ gives a ‘destructive’ or ‘productive’
relation between every two elements, as shown in Figure 6. The way to identify the
fortune of an area is by using the element of the star assigned in this area to compute
with the element of the trigram of the area of fortune origin. For each area assigned
with an auspicious star, a) if the element of the star is in ‘destructive’ relation with
the element of the trigram, the area is less auspicious, and b) if the element of the
star is in ‘productive’ relation with the element of the trigram or they are the same,
the area is great auspicious. For each area assigned with an ominous star, ¢) if the
element of the star is in ‘destructive’ relation with the element of the trigram, the
area is less ominous, and d) if the element of the star is in ‘productive’ relation with
the element of the trigram or they are the same, the area is great ominous. And e)
for the Zuo Fu star and You Bi star, the area they belong to is always the least
auspicious. Therefore, there are five degrees of fortune: greater auspicious, lesser
auspicious, least auspicious, less ominous, great ominous.

For Siheyuan with multiple courtyards aligned in the depth direction, there are
four differences:

Step 1 is applied to each courtyard of the Siheyuan separately;

Only the entry gate could be the key space;

The trigram and the star of each of the eight boundary areas in the first courtyard

are identified in the same way as for one-courtyard Siheyuan, and this pattern is

applied to all courtyards except the mid-back area;

Once the corresponding star of the mid-front area of the first courtyard is assigned,

the stars of the mid-back area of each courtyard are assigned sequentially according

to the order of production of the ‘Na-tone five elements’, as illustrated in Figure

10.

Jift JiLianzhen

fire
P Tanlan H[ JJumen
- <wood 9 tr{FLucun
earth
wate‘r metal
L HfiWenqu A ffiwuqu
% Pojun

Figure 10. Order of Na-tone five elements (the stars Pojun and Lucun only exist in the
first courtyard) (This figure is created by the authors using Adobe Illustrator).

For Siheyuan types with multiple courtyards aligned orthogonally, each courtyard
could be seen as an individual Siheyuan to calculate separately.

The fortune of area forces the size ratios of rooms constructed in each area.
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Normally, rooms located in auspicious areas are large, while those in ominous areas are
small. Two examples of the process for a one-courtyard Siheyuan and a Siheyuan with
three courtyards aligned in the depth direction are illustrated in Figure 11.



The number of dots indicates the degree of the fortune.
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Figure 11. Two examples of the process of computing room size ratios of areas (This figure
is created by the authors using Adobe Illustrator).

2.4 The room dimensions algorithm

Although the rules derived from Gongcheng Zuofa Zeli, an ancient construction book, built
up a parametric system to control the room width, depth, and height, Fengshui gives
constraints to filter available dimensions generated by the parametric system. Specifically,
the ‘Ya Bai Chi Fa (Pressing White Ruler Method)’ from Li Qi identifies the fortune of
dimension, which filters the ominous ranges of dimensions by using a Lu Ban ruler (a ruler
with the length of each section in 3.2 centimetres). In this method, there are two principles,
the Chi Bai (feet white) and the Cun Bai (inch white) constraining the dimensions in parallel.
Since only the Chi Bai is applied to dwellings normally, we analysed the Chi Bai principle

and identified the procedures in five steps:

1. The orientation of the room’s front elevation in the plan view is identified within the
twenty-four mountains of a Fengshui compass (Figure 8), and hence its opposite section

on the compass is also identified.

2. The trigram of the opposite section in the eight trigrams has to be identified following
the ‘Di Mu Na Jia (earth mother selecting first)’ principle. The correspondence between

the twenty-four mountains and the eight trigrams is shown in Table 2.




eight trigrams | #7Qian | YkKan | R Gen | 5iDui | f$Zhen | $EXun | #Li HiKun
twenty four WQian | %Gui | WBing | I Ding | FiGeng| Xin TRen | 4Yi
mountains H Jia HiShen | ['Si % Hai SEXun | #Yin HiKun

TZi PMYou | YI'Mao FWu

J&=Chen | TlChou | AWei JHXu

FGen

Table 2. The correspondence between the twenty-four mountains and the eight trigrams in
the ‘earth mother selecting first’ method (This table is created by the authors using Adobe
[lustrator).

3. The trigram's corresponding ‘starting number’ could be identified, as shown in Table 3,
which is used as the first section on a Lu Ban ruler. This correspondence has two
variations: the heaven trigram and the earth trigram. The heaven trigram is to determine
fortune dimensions in the vertical direction- the height of the room, and the earth trigram
is to determine fortune dimensions in the horizontal direction- the width and depth of

the room.

starting number 1 2 3 4 5 6 7 8 9
the heaven trigram | 50Dui |#<Zhen| HfiKun | #Kan [ $£Xun | RGen | &#Li #2,Qian
the earth trigram RGen | 5EXun [#zQian| &Li |/<Zhen| Dui | #Kan HiKun

Table 3. The correspondence between each of the nine numbers and each trigram in the
eight trigrams (This table is created by the authors using Adobe Illustrator).

4. The sequence of numbers has to be identified. The starting number serves as the first
number to repeatedly and cyclically assign the nine numbers in Table 1 to each sector
on the Lu Ban ruler in a numerical sequence.

5. Inthe assignment, the heaven trigram excludes number 1 and the earth trigram excludes
number 9. It is noted that each of the nine numbers in Table 1 has been assigned a fortune
and one of five elements, which are also assigned to each section on the ruler.

6. The sections assigned with ominous numbers are ominous. The sections assigned with
auspicious numbers need additional computation. For each of these sections assigned
with an auspicious number, the corresponding one of the five elements assigned for it
(see Table 1) is used to compute the element of the trigram identified in twenty-four
mountains by the building’s orientation (see Figure 8) according to the principles ‘five
elements produce and destroy each other’. If the two elements are the same or in a
‘productive’ relation, the length marked within the range of this section on the ruler is
identified as auspicious, otherwise, as ominous.

Once the fortune of each section is identified, the room’s height, depth, and width could
be designed in the dimension that is within auspicious sections. Associated with the
parametric system embedded in Gongcheng Zuofa Zeli, the Fengshui constraints reduced the
variants of rooms generated by the system by narrowing down the available room
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dimensions. Based on the above analysis of the Chi Bai method, the workflow of procedures
is built up, which is supplied to formulate the algorithm.

Similar to the method of calculating room orientation, a two-dimensional plane is set
as a circle describing 360 degrees. The circle is divided into 24 sections corresponding to
the twenty-four mountains. Similarly, to algorithmically simulate the computation, each
mountain’s degree section is pre-identified, and the degree of the angle between the north
and the room opposite orientation is also defined as Dyoom opposite orientation - 1he
Dyoom opposite orientation could be identified by the room orientation Dyoom orientation- The
value of Dopposite orientation 18 used to index among the 24 sections to find its attribute
within the twenty-four mountains. The room opposite orientation is calculated by Equation

(3):

Droom opposite orientation ( Dopposite orientation + 180) mod 360» 0 =
Droom opposite orientation < 360. (3)

By the algorithm, once the attribute of the mountain in the twenty-four mountains is
identified, the corresponding trigram and numbers corresponding to the heaven trigram and
the earth trigram could be indexed, and consequently, the sequence of numbers that defines
the numerical order of sections on Lu Ban ruler is identified. Then referring to the rules, the
computation between elements from the five elements is also implemented algorithmically
by indexing the productive and destructive rules and trigram-element correspondence, after
which the auspicious and ominous dimension sections in depth, height, and width are
identified. The computation underlying the identification of auspicious dimensions is
attribute-based, which could be straightforwardly illustrated by a Grasshopper script.

2.5 The implementation of the algorithm in Grasshopper

Corresponding to the three aspects of a room mentioned above, three algorithms are
formulated to simulate the computation. The procedural logic to formulate them is shown in
Figure 12. For the room orientation, the parameter needed is a) the initial orientation of the
room’s front elevation in the plan view, which could be identified in Rhino from the room
floor plan. For the room size ratios in a courtyard, the parameters are b) the selection of the
type of the key space, c¢) the courtyard floor plan indicating all rooms, courtyards, and entry
gates, and d) the floor plan of the key space (the primary room or the entry gate). For the
room dimensions, the parameter is e) the final orientation of the room’s front elevation in
the plan view, which is also identified by the room floor plan in Rhino. In total, only five
types of input parameters are needed to determine Siheyuan houses’ fortune. Accordingly,
we produced a Grasshopper script for the implementation of the algorithm, which can
identify auspicious patterns of room orientation, room size ratios, and room dimensions.
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Figure 12. The parametric logic based on the rules to formulate the three algorithms (This
figure is created by the authors using Adobe Illustrator).

To implement the algorithms in Grasshopper, the plan of a Siheyuan is imported from
Rhino 3D into Grasshopper, by which each of the room, courtyard, and entry gate floor plan
is collected by a Surface component. The selection of the type of the key space is indicated
by a Value List component, which is determined by the users. The plan of an entry gate or a
primary room is identified as the key space by a Surface component to find its central
position and then identify its location within the three-by-three girds. The orientation of each
room is identified once the room is collected, which is from the central point of the room
plan to the central point of the line indicating the room’s front elevation on the plan. The
scripts of room size ratio, orientation, and dimensions formulate a mathematical calculation.

3 Results

The research results include two parts: a) results of verifying whether the formulated
algorithm correctly corresponds to the Fengshui principles, and b) results of verifying
whether the rooms followed Fengshui principles in Siheyuan design to obtain auspicious
patterns. The two parts of verification are examined separately.

In the first part of verification, other scholars’ interpretations of Fengshui principles are
employed to compare with the results generated by the proposed algorithm. In the works of

Cheng and Kong ) and He [**, the principles of room orientation, room size ratios, and room
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dimensions have been interpreted manually by revealing the computational relationship
between the attributes such as five elements, eight trigrams, nine colours, nine stars, etc.
Here, the same values of parameters are chosen to generate results by both manual
computations following the rules revealed in their studies and our algorithm implemented in
Grasshopper.

Cheng and Kong ¥} examined many Fengshui principles relevant to the determination
of room orientation and pointed out that the auspicious 48 sections on the Fengshui compass
are the force resulting in slight rotation of the room axis. It corresponds to the algorithm that
forces to rotation of the room axis into an auspicious section.

He %1 reviewed the Li Qi rules and used a diagram to illustrate the eight patterns
indicating the location of each of the nine starts in the three-by-three grid area within a
courtyard, which is consistent with the result of this study. Additionally, he mentioned the
calculation of using the attributes of nine starts and eight trigrams to identify the fortune of
each area, whose results are the same as the ones by our algorithm. The results include eight
patterns as shown in Figure 13.
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Figure 13. Eight patterns determining the fortune of parts of a courtyard identified by



the algorithm (This figure is created by the authors using Adobe Illustrator).

He %) also interpreted the rules underlying the determination of fortune of room
dimensions. In his interpretation, the eight patterns of the heaven trigram and the eight
patterns of the earth trigram arrange the sequence of sections of Lu Ban ruler and
consequently the fortune of each section sequentially. He identified the correspondence
of each of the eight trigrams to the starting number by a table indicating the starting
number of each of the eight trigrams in both the heaven trigrams and the earth trigrams,
which is used to index the first section and the sequence of the nine sections. We
translated his table as shown in Table 4. His identification of the starting number is the
same as the results identified by the algorithm.

eight tragraim WQian | ¥tKan | KGen |[iZZhen| $8Xun | ZLi | #Kun | 5¢Dui

the starting number
of the trigram in the 9 4 6 2 5 7 3 1
heaven trigram system

the starting number
of the trigram in the 3 7 1 5 2 4 9 6
earth trigram system

Table 4. The eight patterns of the heaven trigram and the eight patterns of the earth
trigram in arranging the sequence of sections of Lu Ban ruler (This table is created by
the authors using Adobe Illustrator).

In addition, he used the courtyard plan’s mid-back area of the three-by-three grid
as the room’s location for an example, which is the primary room’s location of Siheyuan
in most cases, to identify the fortune of the room dimensions. The room’s front elevation
is orienting south. Table 5 shows his identification of auspicious and ominous
dimensions of the room, which is confirmed to be the same as our algorithm.

nine numbers 1 2 3 4 5 6 7 8 9
§ nine stars #iiTanlang Ei1Jumen f#4TLucun SCHiWenqu | M WTLianzhen L #wWuqu % ZPojun 7rikZuofu £9iYoubi
b eler:':zms fortune wood | @ earth | @ earth | @ water | @ fire [ ] metal | @ metal | @ water | @ wood [ ]
Chinese inch 0.1--1 1.1---2 2.1---3 3.1--4 4.1--5 5.1--6
metre 0.1---0.32 0.32--0.64 0.641---0.96 | 0.961--1.280 | 1.281---1.60 1.601---1.92
g Chinese inch 6.1---7 7.1---8 8.1---9 9.1---10 10.1---11 11.1--12 12.1--13 13.1---14 14.1---15
g metre 1.921--2.24 2.241---2.56 2.561---2.88 2.881---3.2 3.201--3.52 3.521---3.84 3.841---4.16 4.161---4.48 | 4.481--4.80
% Chinese inch 15.1---16 16.1---17 17.1--18 18.1---19 19.1---20 20.1---21 21.1---22 22.1---23 23.1---24
=
o metre 4.801---5.12 5121---5.44 5.441---576 | 5.761---6.08 6.081--6.40 6.401---6.72 6.721---7.04 | 7.041---7.36 7.361---7.68
- Chinese inch 24.1---25 25.1---26 26.1---27 27.1---28 28.1---29 29.1---30 30.1---31 31.1---32 32.1---33
metre 7.681-8.00 8.001--8.32 8.321--8.64 8.641--8.96 8.961--9.28 | 9.281--9.60 9.601---9.92 | 9.921--10.24 | 10.241---10.56
Chinese inch 0.1--1 1.1--2 2.1---3
metre 0.1---0.32 0.32---0.64 0.641---0.96
g Chinese inch 3.1---4 4.1---5 5.1---6 6.1---7 7.1---8 8.1---9 9.1---10 10.1---11 11.1---12
-E” metre 0.961---1.280 | 1.281---1.60 1.601---1.92 1.921--2.24 2.241---2.56 2.561---2.88 2.881---3.2 3.201--3.52 3.521---3.84
% Chinese inch 12.1---13 13.1---14 14.1---15 15.1---16 16.1---17 17.1---18 18.1---19 19.1---20 20.1---21
é’ metre 3.841-4.16 | 4.161--4.48 | 4.481-4.80 4.801---5.12 5.121--5.44 5.441---5.76 | 5.761--6.08 6.081--6.40 6.401---6.72
Chinese inch 21.1--22 22.1---23 23.1--24 24.1---25 25.1---26 26.1---27 27.1--28 28.1--29 29.1---30
metre 6.721---7.04 7.041---7.36 7.361---7.68 7.681-8.00 8.001--8.32 8.321--8.64 8.641--8.96 8.961---9.28 9.281--9.60
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Table 5. He used the mid-back area as the room’s location to identify the fortune of
the room dimensions (This table is created by the authors using Adobe Illustrator).

Using each of the eight trigrams as a parameter in the algorithm, the generated
sequence of sections is the same as He’s work. Meanwhile, in his work, the
transformation from twenty-four mountains to eight trigrams and the length of one
section on the Lu Ban ruler are also the same as the results by the algorithm. Therefore,
the algorithm is consistent with his interpretation of principles in determining room
dimensions.

In the second part of verification, it is difficult to find properly built Siheyuan
examples since most extant ones have been damaged or are not accessible, and
historical examples recorded by documents don’t include detailed information such as
accurate room orientation and dimensions. We selected historical and extant Siheyuan
examples for verification. Qianlong Capital Map 9! is a historical map drawn in 1750
that recorded all streets and buildings at that time at a scale of 1:650, which offers an
accurate representation of each Siheyuan plot in the top view and each Siheyuan room
in the elevation view. Although it is not known whether the Siheyuan examples drawn
on the Qianlong Capital Map accurately represent the room orientation, we assume it
is regarding the extent of detail of this map. Meanwhile, Duan *” conducted a Siheyuan
measure survey, in which he recorded 923 floor plans of extant Siheyuan samples
including their room orientations. By observing the above two sources, it is noted that
most Siheyuan houses are south with a few degrees off-orientated. We selected 14
examples from the historical map and 14 examples from Duan’s 7 survey in this
pattern for verification, which are the most common types according to Jia ?®! and Lu
and Wang *°!. Figure 14 demonstrated two examples (left two in Figure 14) from the
map and another two from Duan’s [*”) surveys (right two in Figure 14).

By observing the Qianlong Capital Map ¢ and Duan’s B7! drawing, it is noted
that most secondary rooms are symmetrically aligned along with the primary room axis,
which responds to the rules of Xing Shi and urban context. But many of these rooms
are in ominous patterns of Li Qi, from which we infer that the secondary rooms only
followed the rules of Xing Shi and urban context without considering Li Qi constraints.
Our verification focused on the primary rooms, especially the most important primary
rooms of each Siheyuan, as outlined in Figure 14. It also noted that, in many Siheyuan
cases, the site orientation is precisely south-orientated while primary rooms are a few
degrees off to the south, which breaks the rules of Xing Shi and urban context. However,
most of these primary rooms are auspiciously orientated. Therefore, it is inferred that
the slight rotation of primary rooms is to ensure they are in an auspicious Fengshui
pattern. Based on this verification, it is found that probably most Siheyuan rooms did
not completely follow the Li Qi constraint of room orientation, and the constraint was
simplified to only apply it to primary rooms. However, it is important to state that, due
to the lack of accurate data, no evidence directly proves whether rooms in Siheyuan
follow this Li Qi constraint or not. It requires additional verification by using accurate
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room data in further work.
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Figure 14. Verification of room size ratios of four common historical Siheyuan
examples (This figure is created by the authors using Adobe Illustrator).

Similarly, to verify the room size ratio, examples from the Qianlong Capital Map
and Duan’s 7! survey are selected to identify the extent of fortune of each area. Then,
we can observe whether the most auspicious area is used for the largest room and so in
ranking order, and vice-versa for the ominous areas. To be consistent with the
verification of orientation, the same four examples of Siheyuan are used here. As
illustrated in Figure 14, indicated by red and black dots, the extent of fortune of each
area of the nine grids within each courtyard is identified. It is noted that, in the selected
examples, the room size ratio does not completely follow the sequence constrained by
the rules of Li Qi. We are aware that other constraints such as feudalism and clan, which
conflict with Li Qi in some cases, are also at work. However, since the scales of the
drawings supplied by the map and Duan’s 7 survey are not detailed enough to observe
the subtle size differences, it's unknown if they are completely the same or slightly
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different in size. Jia *8 and Lu and Wang [*! pointed out that, in most cases, the room

size ratio is prior to conforming to feudalism and clan to give obvious size differences
to each type of room. Nevertheless, they also noticed that, in many cases, some rooms
are designed with slight differences in size to try to follow the room size ratio
constrained by Fengshui. For example, the third Siheyuan shown in Figure 14 is a one-
courtyard Siheyuan with a roughly south-orientated site, which is the most common
precedent type on the Qianlong Capital Map. Using the location of the key space as an
inputted parameter, it is calculated that the east secondary room should be larger than
the west one. They look roughly the same in size. However, to follow the Li Qi
constraints, craftsmen might construct the east one slightly larger than the west one,
which is difficult to distinguish by observing the map or the object on-site without
detailed measurement. Despite the uncertainty of size difference, by roughly observing
the size of each room in the eight areas of a courtyard and comparing them with the
size ratio sequence pattern constrained by Li Qi, we counted the number of rooms in
proper and improper sizes, as shown in Figure 14. We found that for each siheyuan,
most of the rooms complied with the Li Qi constraint.

The Siheyuan examples on the Qianlong Capital Map *%! and from Duan’s (7]
measuring surveys cannot be used for verifying rooms’ dimensions as well as we would
like since no detailed data are recorded. It is also difficult to do an on-site measuring
survey on extant Stheyuans because most of them are now privately occupied and have
been re-decorated with facades covering their original components. Alternatively,
examples of rooms recorded in Gongcheng Zuofa Zeli 3%
since these rooms are original Qing-style buildings constructed in Siheyuan and
described with detailed dimensions. The rooms in this manual have been drawn by
Liang ], who translated texts in the manual into architectural drawings with detailed
dimensions noted. For instance, we assumed the dimensions of a room given by Liang
391 "as shown in Figure 15, were the same as the primary room of a Siheyuan and did
the verification by examining if the dimensions of this room were auspicious. It is noted
that this prototype was widely used for Siheyuan room construction ?* 2%, To be
consistent with the Siheyuan rooms, a room was modified by reducing the number of
bays in the front view from five to three. As mentioned before, in the case of an ideal
Siheyuan prototype, the primary room is located in the mid-back area of the three-by-
three grid, whose door’s orientation is the south. Using this room orientation to identify
the fortunate room dimensions, the result is the same as He’s!>*! work shown in Table
5. As shown in Figure 15, the room dimensions are height=15.27, depth=18, and
width=29.5 (Chinese inches), all of which are auspicious. Moreover, this room given
by Liang is used to represent the primary rooms of the four Siheyuan examples in Figure
15 to identify their fortunate room dimensions. It is noted that, in these Siheyuan
containing multiple primary rooms, the primary rooms are in the same orientation. The
verification result indicates that the high-grade rooms such as the primary room, their
room dimensions are mostly auspicious. However, the verification result is based on
that Liang’s examples were used in these Siheyuan examples. It is not feasible to use
any built Siheyuan example for verification due to the lack of data currently, but it could

could be used for verification
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be conducted once the data have been captured.

width (3 bays)=29.5 Chinese inches
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1 inch= 3.2 centimeters

Figure 15. The dimensions of a room example applied in Siheyuan as primary rooms
(This figure is created by the authors using Adobe Illustrator).

Additionally, we selected 3 uncommon examples from Duan’s B7) surveys to verify
room size ratio, orientation, and dimensions, as shown in Figure 16. The left one is a
one-courtyard Siheyuan with an entry gate located in the northwest. It is noted that most
historical Siheyuan’s entry gates are located in the south, while a few ones’ are located
in the northwest since the urban fabrics they are connected to are in the north instead
of the south. The middle one is a three-courtyard with an entry gate located in the
southwest of the plan, which is connected to an alley. The right one is a two-courtyard
Siheyuan with a secondary room non-axisymmetrically located in the east of the first

courtyard in a south-orientated pattern. All of the three are considered pathological
samples.
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Following the above method to verify the fortune of the most important primary
room’s orientation and dimensions, the results show it is close to the ideal auspicious
pattern. However, the verification results of the room size ratio are different. For the
left one, it shows that only one room is in the auspicious pattern of room size ratio,
while the other three are not. Similar to this sample, Wang et al.?%! have noticed that,
on the historical map, there are lots of small one-courtyard Siheyuan with a northwest
located entry gate connecting to the urban fabrics. It is noted that these Siheyuan
precedents are in a low grade in the feudal hierarchy. Therefore, we infer that the social
status of the householder probably could not support the construction of a house in an
ideal auspicious Fengshui pattern. For the middle one, we noticed that there are 4 rooms
in an auspicious pattern while the rest 5 are not. For the right one, there are 5 following
the auspicious pattern and 3 not following. Despite the not following rooms, all the
primary rooms in the two examples are in an auspicious pattern. It is inferred that there
are other forces conflicting with the Fengshui rules to shape the room size ratios, which
will be discussed in the next section.
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Figure 16. Verification of room size ratios of three uncommon historical Siheyuan
examples (This figure is created by the authors using Adobe Illustrator).
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4 Discussion

Regarding the interpretation of Fengshui Li Qi constraints on Siheyuan design and the
computer implementation of the corresponding proposed algorithm, two points are
discussed.

First, the presented study on Fengshui Li Qi investigated its constraints on
Siheyuan designs in room orientation, size ratio, and dimension and transformed the
rules underlying its principles into a set of algorithms by scripting in Grasshopper.
Compared with conventional ways of interpreting Fengshui knowledge by explaining
the procedures to guide architects to implement it manually, the proposed algorithm is
an innovative tool since it enables users to efficiently design Siheyuan rooms following
Fengshui constraints and could help them understand the Fengshui procedures by
reading the Grasshopper script, which is logistically easier for those with language or
Fengshui knowledge barriers.

Second, combining the result of this verification with other scholars’ investigation
of the Fengshui Li Qi application, it is noted that other forces, such as the historical
clanship and urban context, which may be more important than Li Qi, are also at work
to influence the design of Siheyuan rooms. Even the Siheyuan examples very close to
the ideal Siheyuan prototype did not completely follow Li Qi rules to create auspicious
patterns. For example, the verification results show that some secondary rooms of the
Siheyuan examples from the historical map and Duan’s surveys are not in an auspicious
pattern of size ratios. It is noted that other sociocultural factors, such as Confucianism,
feudalism, and clan are forcing on their forms %, Feudalism constrains rooms in a
courtyard to be axial, along which the architectural elements such as rooms and walls
are symmetrical. Meanwhile, Confucianism and clan force Siheyuan’s space zoning
hierarchy, which constrains the size ratios of rooms in a courtyard in the sequence:
primary room> east secondary room= west secondary> primary east wing room=
primary west wing room> secondary east wing room= secondary west room. These
constraints are more dominant than the one from Li Qi, so it can be easily observed that
most Siheyuan houses follow this pattern. However, to make the Siheyuan conform to
Fengshui, craftsmen would slightly change the room sizes to ensure the size ratios of
rooms are in auspicious patterns, which is hard to prove without conducting a
measuring survey. We infer this is the reason that, as Lu and Wang *°! noticed, the east
secondary room is slightly larger than the west secondary room within a courtyard in
many Siheyuan examples. Another example is the simplification of the Cun Bai method.
The rules in Gongcheng Zuofa Zeli and consideration of material consumption
constrained the available dimensions of a room in limited ranges. The constraint
deriving from Li Qi dictates additional limited ranges for room dimensions, but the
ranges of each room may vary because it is a variable parameter for each room of a
Siheyuan. This variability of room dimensions results in difficulty in room construction.
However, in many cases, the limited ranges of room dimensions constrained by
Fengshui are unified by simplifying the Cun Bai method. As a result of the
simplification, instead of using the orientation of a room as the parameter to conduct
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the complex calculation, the Lu Ban ruler, which consists of 9 sections marked by their
fortune type, is directly used to find auspicious dimensions of a room in practice. We
infer this simplification is to solve the difficulty in room construction since it unified
limited ranges of room dimensions constrained by Li Qi.

To conclude, three points are drawn. First, the proposed investigation on Fengshui
Li Qi constraints on Siheyuan room design revealed the underlying computational rules.
Compared with previous studies that noticed the computation underlying Fengshui, the
algorithmic approach additionally identified precise relations between the Siheyuan
architectural forms and these inputted Fengshui parameters. Second, selected data
sources used in verification proved that craftsmen tried to make the Siheyuan in an
auspicious Fengshui pattern, which revealed the influence of Fengshui culture on the
design of traditional Chinese architecture. However, it is worthwhile to be alert about
the occasionality of the presented verification due to the lack of accurate data. It is
necessary to obtain direct sources of built Siheyuan and more examples to conduct
additional verification. Third, the proposed novel algorithmic tool successfully
implemented the rules into Grasshopper, which contributes to the inheritance of
Fengshui culture and the design efficiency of Siheyuan. It could be considered that the
Fengshui knowledge is represented in the form of a Grasshopper script, which is more
acceptable for international architects and architectural scholars. Meanwhile, for the
architects who are interested in designing Siheyuan-style dwellings, this Grasshopper
script could serve as a tool to help them identify the Fengshui of the architectural forms.
There are two limitations of this study. First, for the verification of room dimensions,
we have used ideal examples of rooms with constant values of dimensions according to
Gongcheng Zuofa Zeli, but a room’s dimensions could vary in practice, which may lead
to errors in the verification of room dimensions. Second, in this study, we only verified
the most common Siheyuan types rather than all variations. In further research, once
more reliable Siheyuan data are obtained, a more detailed verification could be
conducted to push through the limitations.
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