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Abstract. This research develops a methodological framework for 
computational analysis and generation of traditional Chinese private 
gardens, powered by two well-known algorithms in the field, with 
Space Syntax for analysis and parametric design for generation. Ap-
plying this framework, the paper commences with an analysis of two 
different categories of Chinese private gardens using selected Space 
Syntax techniques. Next, mathematical measurements derived from 
the analysis are used as the basis to capture essential spatial patterns in 
these two garden types. These quantitative results are then used to di-
rect the development of a parametric design system to generate new 
design instances that share the same spatial patterns of the original 
traditional Chinese private gardens. The effectiveness of this computa-
tional approach is demonstrated through two case studies, Yuyuan 
Garden and Wangshiyuan Garden, both located in Southeast China 
and each representing a different category of traditional Chinese pri-
vate gardens with a typical planning structure. The outcomes of the 
paper contribute to potential new insights about these important herit-
age sites, and demonstrate a formal approach to their computational 
analysis and generation. 

Keywords. Computational design analysis; generative design; Space 
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1. Introduction  

Traditional Chinese private gardens form an important part of the world’s 
architectural and landscape heritage. These gardens have a long history in 
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China (with most existing examples initially built around the 16th and 17th 
centuries AD), and are famous for their intricate spatial planning and ar-
rangement that associates with traditional Chinese cultural, philosophical 
and aesthetic values (Peng, 1986; Tong, 1997). Despite of a very few quanti-
tative attempts (Chang, 2006; Lu, 2010), past design research on traditional 
Chinese private gardens is typically from various historical, qualitative per-
spectives focusing on historical records, individual experiences and interpre-
tations. Through the existing research, the unique spatial properties of tradi-
tional Chinese private gardens have been emphasised and extensively 
debated by historians but have rarely been formally measured and general-
ised. Supported by computational algorithms, these spatial properties can 
now be mathematically analysed and more directly compared and clustered 
to provide potential new insights about such important heritage, compliment-
ing the existing understandings. Further, these quantitative data can be uti-
lised to direct computational generation (i.e. through parametric design) to 
more effectively facilitate the inheritance of such design heritage in contem-
porary culture and practice. 

2. Background 

Before presenting the methodological framework and the two case studies, 
this background section introduces three topics that are closely related to this 
research. 

2.1. TRADITIONAL CHINESE PRIVATE GARDENS 

By the 17th century AD, the arts of traditional Chinese private gardens had 
peaked and established themselves as a unique type of architectural and 
landscape design characterised by its intricate spatial planning and arrange-
ment. Traditional Chinese private gardens have been researched extensively 
from a wide range of qualitative perspectives and a much smaller number of 
studies have also examined their spatial properties via quantitative means. 
For example, qualitatively, Keswick (1978), Zhou (1999) and many other 
researchers in-between or after them, explored the spatial characteristics of 
selected gardens from historical, social and cognitive perspectives. Quantita-
tively, multiple attempts have been made to understand the rich spatial plan-
ning and arrangement in the gardens, through the use of syntactical tech-
niques (Chang, 2006) and by combined syntactical techniques with 
grammatical interpretations of formal composition (Lu, 2010). Despite of the 
above existing research, the spatial characteristics that make traditional Chi-
nese private gardens unique have rarely been formally measured. Therefore 
this paper aims to develop and demonstrate a methodological framework that 
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can computationally generate new design instances of these gardens, using 
parametric design, which share the same spatial characteristics of the origi-
nals as measured by selected Space Syntax techniques. 

2.2. SPACE SYNTAX 

Developed and extensively applied over the last few decades, Space Syntax 
is a collection of techniques used for analysing the topological properties of 
space (i.e. permeability and intelligibility), through graph theories (Hillier 
and Hanson, 1984). Space Syntax techniques have been widely adopted in 
design including urban planning, landscaping and architectural design. One 
important capability of Space Syntax approach for design analysis is that it 
provides a formal way of critically understanding spatial configurations by 
translating their properties into topological graphs, which can then be math-
ematically analysed (Ostwald, 2011). Generally, Space Syntax abstracts 
spaces into graphs through three formal methods: convex, axial, and isovist 
mappings. Once the selected spaces are represented by a graph, then various 
mathematical properties of the graph may be derived from it (Hillier and 
Hanson, 1984; Ostwald, 2011). For example, the step depth of each node in 
the graph can be determined, then the total depth (TD), mean depth (MD) 
and integration (i) values can be calculated for each node. These values re-
flect the relative role of each space within the larger structure of the plan.  

2.3. PARAMETRIC DESIGN 

Parametric design is a computational design method characterised by the use 
of rule algorithm and the capability to generate multiple design solutions 
(Karle and Kelly, 2011). The term “parameters” is used to describe factors 
that determine a series of variations leading to a potentially infinite range of 
possibilities being generated (Kolarevic, 2003). Parametric design systems 
support the creation, organisation and management of complex computation-
al design models (Woodbury, 2010). In architecture, parametric design tools 
are mainly used for complex form generation, multiple design solution opti-
misation, as well as multidisciplinary design, i.e. structure and sustainability 
control. There are several different types of parametric design and scripting 
tools currently available commercially. They include Design Script, Digital 
Project, Generative Components, Grasshopper, Rhino Script, Processing, 
and Python Script. In our case studies, Grasshopper is used to support the 
parametric design of traditional Chinese private gardens. 
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3. Methodological framework 

The methodological framework is supported by two computational design 
algorithms, with Space Syntax for analysis and parametric design for genera-
tion. This framework for computational analysis and generation of tradition-
al Chinese private gardens contains three main stages. 

3.1. SPATIAL ANALYSIS 

To conduct the connectivity analysis of a traditional Chinese private garden, 
a plan graph is first developed. Connectivity or permeability graphs are nor-
mally constructed to represent and study the relationships between visible 
zones (convex spaces). For the present research two methods of defining 
space are chosen – functionally-defined areas and size-defined areas. In the 
case studies, the analysis does not take into consideration of artificial ponds 
and mountains, each node is therefore a functional space or an area within 
specific size ranges in the garden that can be physically entered (accessed). 
The analysis commences by identifying different spatial types (as defined by 
the two above methods) in each selected garden then determining how they 
are linked. After linking the nodes the graph is generated. From this generat-
ed graph, the step depth of each node, then the total depth (TD), mean depth 
(MD) and integration (i) values can be calculated. 

3.2. PARAMETRIC RULE DEVELOPMENT 

In order to develop a parametric design system that can generate new garden 
designs sharing the spatial characteristics of the originals, firstly we develop 
parametric rules based on the derived planning guidelines. For instance, to 
develop parametric rules based on the results of connectivity analysis, the 
parametric rules will set constraints to specify that certain pavilion has only 
one connection, or certain areas are connected to other areas, etc. Next, the 
numbers of different spatial types, such as the numbers of functionally-
defined areas and size-defined areas, are set as input parameters. Other input 
parameters can also include factors that are related to the site such as the 
predefined entrance(s), general site boundaries and main navigation path(s).  

3.3. DESIGN GENERATION AND VERIFICATION 

With parametric rules and input parameters defined, the parametric design 
system can be operated to generate new garden designs, each suggesting a 
possible spatial planning schema reflecting the characteristics of the original. 
Finally to verify the designs generated, the i values of each newly generated 
garden design are tested against the inequality genotype produced for the 
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original. The more similar values found between the two during the testing, 
the more closely the characteristics of the new garden design reflects those 
of the original. The final selection from multiple generated design is based 
on the comparison test against the i value. 

4. Two case studies  

The above methodological framework is demonstrated through two case 
studies, Yuyuan Garden and Wangshiyuan Garden, two of the renowned tra-
ditional Chinese private gardens situated in Southeast China. Yuyuan is cat-
egorised as large scale garden with the overall size at around 20,000 square 
meters, and Wangshiyuan is categorised as a small scale garden with the 
overall size at around 5,300 square meters. The two categories respectively 
represent two different planning structures of the typical traditional Chinese 
private gardens: one is organic, free form oriented (in large scale gardens) 
and the other is courtyard oriented (in small scale gardens).  

4.1. YUYUAN GARDEN – A LARGE SCALE GARDEN 

Yuyuan Garden was built in the 16th century AD. Parts of the garden were 
destroyed during World War II, although they have since been restored. 

Figure 1 shows the plan of Yuyuan Garden. In order to graph the connec-
tivity patterns of these gardens, six distinct spatial types have been identi-
fied: (1) large rooms, (2) small rooms, (3) pavilions, (4) yards/squares, (5) 
covered corridors and (6) pathways. Large and small rooms are physically 
and often visually defined in plan by extensive walls and landscaping ele-
ments.  

Table 1 shows the connectivity analysis results for Yuyuan Garden. The 
pavilions have the highest MD value (MD = 4.73), which means that it is the 
most isolated spatial type. Having the highest integration value (i = 12.04) 
suggests that the pathways are the most integrated space and these results al-
so confirm the common expectation because in traditional Chinese private 
gardens the pathways provide the major connections to other spaces. The 
least integrated spatial type is the covered corridors (i =0.67). The inequality 
genotype arising from the data is as follows: Pathways > Small rooms > Pa-
vilions = Large rooms = Yards/Squares > Covered corridors. 
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Figure.1. Yuyuan Garden plan with six functionally-defined areas. 

TABLE 1. Connectivity analysis for Yuyuan Garden 

Spatial types Number of 
spaces 

Total depth  
(TD) 

Mean depth  
(MD) 

i value Inequality 
genotype 
ranking 

Large rooms 10 39 4.33 1.20 3 

Small rooms 18 79 4.65 2.19 2 

Pavilions 12 52 4.73 1.34 3 

Yards/Squares 7 22 3.67 0.94 3 

Covered corridors 5 13 3.25 0.67 6 

Pathways 63 219 3.53 12.04 1 

 
Our parametric design system is implemented with Grasshopper and both 

the design generation and verification are conducted in this environment. 
The testing criteria can be flexibly adjusted to suit different selection needs. 
For example, in Table 2, the selected new design generated by the system 
pass the inequality genotype test as both have the same inequality genotype 
ranking as the one of the original Yuyuan Garden. However, the comparison 
between i values reveal further differences about these spatial types. This 
will require further studies to verify the complexity of the results.  
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TABLE 2. Comparison between Yuyuan Garden and a selected new design 

Selected 
new plan  

	  

Spatial types i I-g  
ranking 

Large rooms 0.94 3 

Small rooms 2.04 2 

Pavilions 1.31 3 

Yards/Squares 1.80 3 

Covered corridors 0.83 6 

Pathways 10.54 1 

4.2. WANGSHIYUAN GARDEN – A SMALL SCALE GARDEN 

The origin of Wangshiyuan Garden may be traced to Song Dynasty (1127-
1129), although its current form is the result of restorations from Qing Dyn-
asty (around 1751). Water is the major feature of Wangshiyuan Garden, 
which is also famous for the many small courtyards that are distributed 
throughout the garden, with a main (central) courtyard located at the centre. 

For this paper, three spatial types were initially identified (Table 3), 
courtyards (Type 6), corridors (Type 5) and rooms (Type 1 to 4). Since 
Wangshiyuan Garden is relative small, some functionally-defined areas are 
limited, therefore we further define the “room” by the size of the area. Type 
1 to Type 4 are four types of room space divided according to the size of 
their areas.  

    TABLE 3. Spatial types and their size ranges in Wangshiyuan Garden 

Spatial Types   

Type 1 - Rooms Number of spaces 11 

Mean area (m2) 8.32 

Std. Deviation 1.92 

Type 2 - Rooms Number of spaces 10 

Mean area (m2) 15.45 

Std. Deviation 1.93 

Type 3 - Rooms Number of spaces 15 

Mean area (m2) 25.62 

Std. Deviation 3.05 

Type 4 - Rooms Number of spaces 14 
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Mean area (m2) 84.24 

Std. Deviation 62.99 

Type 5 - Corridors Number of spaces 7 

Mean area (m2) 37.00 

Std. Deviation 22.98 

Type 6 - Courtyards Central Area (m2) 614.38 

Other court-
yards except 

central  

Number of spaces 18 

Mean area (m2) 125.22 

Std. Deviation 128.67 

 
Figure 2. Wangshiyuan Garden plan with six size-defined areas 

Table 4 shows the spatial analysis of Wangshiyuan Garden. From the ta-
ble we can see that spatial Type 5, the corridor, has the highest integration 
value (i=1.179). Thus, this spatial type is central in both the social and cogni-
tive structure of this garden type. Spatial Type 6, the courtyard, has the se-
cond highest integration value (i=1.079), which is not unexpected, given that 
these spaces make up a large proportion of the visually accessible spaces of 
the garden. The inequality genotype arising from the data is as follows: Cor-
ridors > Courtyards = Type 4s > Type 1s > Type 3s = Type 2s. Collectively, 
the data developed in this analysis capture the typical structural, social and 
cognitive properties of the plans of this garden type.  
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TABLE. 4. Connectivity analysis for Wangshiyuan Garden 

Spatial types Number 
of spaces 

Total depth 
(TD) 

Mean depth 
(MD) 

i value Inequality 
genotype 
ranking 

Type 1 10 435.091 5.801 0.825 3 

Type 2 7 452.100 6.028 0.773 4 

Type 3 6 384.400 5.125 0.945 4 

Type 4 9 341.214 4.550 1.077 2 

Type 5 30 325.143 4.335 1.179 1 

Type 6 11 344.421 4.592 1.079 2 

 
Tables 5 shows a selected example of parametrically generated new in-

stances of this garden type. This new plan complies with the inequality geno-
type test against the original Wangshiyuan Garden.  

TABLE. 5. Comparison between Wangshiyuan Garden and a selected new design 

Selected 
new plan 

 

Spatial types i I-g  
ranking 

Type 1 0.837 3 

Type 2 0.7894 4 

Type 3 0.833 4 

Type 4 1.037 2 

Type 5 1.45 1 

Type 6 1.2857 2 

5. Conclusion 

This research develops a methodological framework for computational anal-
ysis and generation of traditional Chinese private gardens through Space 
Syntax and parametric design. The framework has been demonstrated via 
two case studies: Yuyuan Garden and Wangshiyuan Garden. The case stud-
ies show that for the two different categories of traditional Chinese private 
gardens, that key properties of spatial planning and design in these garden 
types can be formally measured, compared and clustered to reveal and gen-
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eralise common patterns. Further, these quantitative data can be directed to 
develop a parametric design system (through Grasshopper in the case stud-
ies) for generating new design instances that share the same characteristics 
of the originals.  

Although the case study has limited its focus to one spatial quality of the-
se gardens and demonstrated through connectivity only and on 2D plans, the 
ultimate goal of the research is to consider a wide range of spatio-social 
qualities of traditional Chinese private gardens. Our current direction is to 
enrich and diversify the analysis to computationally explore other spatial 
properties in traditional Chinese private gardens, for example, those associ-
ated with “transparency” and “mystery”. To critically understand and math-
ematically examine “transparency” and “mystery” in these gardens, the visu-
al and permeable properties can be explored using an extensive set of Space 
Syntax techniques supported with comprehensive measures including Intel-
ligibility, Control, Isovist Occlusivity, Isovist Jaggedness, Drift Magnitude, 
etc.   

The future study will also be planned to further validate this approach and 
strengthen the findings with a larger sample size	  for both types of the select-
ed gardens and with a more thorough verification mechanism. 
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