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In architectural heritage protection and revitalisation, traditional regional dwellings face challenges
such as poor spatial connectivity and disconnection from modern living needs, hindering their living
heritage and adaptive development. This investigation of traditional regional dwellings in Huizhou,
China, employs spatial syntax theory and topological modelling to systematically establish a three-
phase analytical framework encompassing spatialmap translation, topological value domain analysis,
and typological reconstruction. The findings are as follows: (1) The spatial topological relationship is
characterised by three overall configurations, such as the ‘Multi-layer and Multi-ring Type’, and eight
local configurations, suchas the ‘BasicRingType’. (2) The spaces are classified into four categories on
the basis of the relative asymmetry value (ηRA), such as the Patio Connection Type. (3) The Patio
Connection Type topology guides new regional dwelling designs. These results offer a technical path
for digital analysis and heritage renewal, combining algorithmic and cultural insights and aiding
promotion and generalisation.

China’s traditional regional dwellings constitute a valuable heritage of
Chinese civilisation; they not only carry rich historical and cultural
information1 but also reflect the wisdom of ancient people in living in
harmony with the natural environment2. In contemporary society, resi-
dential dwellings are detached from single residential properties3 and have
become important spatial carriers reflecting cultural heritage, historical
interpretation and regional characteristics4. Traditional regional dwellings
are characterized by the organic integration of architecture, history, and
culture5, possessing irreplaceable artistic charm and scientific value6. With
the protection demands for establishing spatial paradigms in architectural
cultural heritage7, as well as the activation needs for spatial functional
connections8, their value dimensions have expanded from material onto-
logical levels to composite planes encompassing cultural genes and con-
struction wisdom9. This evolution has made research on spatial connection
relationships a critical perspective for supporting the preservation and
revitalization of regional dwellings10.

In response to concern regarding the spatial study of traditional
regional dwellings11, previous studies have made fundamental and impor-
tant contributions12. Early studies explored the spatial layout of different
regional dwellings and the relationship between the spatial layout of
dwellings and their corresponding regional cultures13. However, due to the

small selection of sample data, the scope of research is often limited to the
comparison of some residential dwellings and lacks a universal solution for
regional residential dwellings14. In recent years, research has gradually
focused on a single regional dwelling’s space, using topological structure to
explore the evolution process of dwelling’s space15.With the development of
society, the study of dwelling’s space has also gradually expanded to cities,
analyzing urban flats in several Asian countries and finding that they reflect
local dwelling’s characteristics16. Nowadays, dwelling’s space research
focuses more on exploring the changes before and after the renovation of
regional residential dwellings, exploring the relationship between spatial
change and integration17, the simplification of traditional elements18, the
substitution of crafts and materials19, and the misuse of collages of regional
symbols further reflect that the new regional dwellings in the Huizhou
region also face a lack of regional culture20, a lack of functional interactions
and other real problems21. Research on the correlation between regional
culture and spatial connections has become important. Additionally, owing
to recent breakthroughs in generative artificial intelligence22, virtual reality
and other technologies23, interdisciplinary cooperation has become
increasingly frequent24, and the requirement of multisource data in the
design generation process has also created a strong demand for quantitative
analysis of the functional and spatial relationships of residential dwellings25.
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Therefore, a systematic technical approach should be applied to the
design and renovation of new regional dwellings to address the renewal
problems faced by traditional regional dwellings. This study intends to
expand the application of spatial topology methods in traditional regional
dwellings and provide generalised quantitative laws of spatial organisation
patterns for the design and construction of new regional dwellings. The aim
of this study is to realise the conservation and renewal of traditional regional
dwellings and the diverse design of new regional dwellings.

From a methodological perspective, the study of spatial connectivity
originated from the concept of spatial relevance26. On this basis, scholars
have subsequently proposed the concept of spatial connectivity and carried
out research on spatial layout and human behaviour27, architectural design
and ‘social’ characteristics28, revealing the distribution and interaction pat-
terns of groups in architectural space29. This series of studies has expanded
the application scope of the theory of spatial connection relationships and
deepened its theoretical connotation, making it more widely applicable and
providing a more profound theoretical basis in the field of architectural
space planning. Additionally, related research has also achieved a series of
results in practical applications, covering analysis methods from urban
space to rural space30, and has made important contributions to urban
expansion and social development31, the design of vibrant street networks32,
and the accessibility of village public spaces33. Moreover, the establishment
of spatial connectivity relationships involves the calculation of representa-
tive parameters such as spatial depthvalues.Among them, the averagedepth
value (ηMD) is mainly used to analyse issues such as the connectivity
characteristics and efficiency of spatial networks34. The relative asymmetry
value (ηRA), on the other hand, has an important impact on the relatedfields
of comparing the accessibility of different spatial networks and analysing the
trend of accessibility changes35. The above research aims to clarify the
robustness and applicability of spatial connectivity research based on spatial
syntax theory at the methodological level. The current study further applies
this method to deepen its application in the protection and renewal of
traditional regional dwellings36, in-depth interpretation of regional cultural
connotations10, and quantitative categorisation of traditional regional
dwellings37. The goal of this study is to realise the organic fusion of regional
cultural characteristics andmodern functional applications in the design of
new regional dwellings38.

In summary, previous studies have jointly promoted the research
possibilities of the application of spatial connectivity relationships in tra-
ditional regional dwellings andprovided important references and guidance
for the theory and practice of this field in terms of research objects and
methods. However, there are still some shortcomings in the current
research. 1) Existing spatial analysismethods for architectural heritage have
limitations in addressing complex spatial relationships and extracting spa-
tial features, and it is difficult to comprehensively and accurately reveal the
inherent logic and characteristics of spatial organisation39. 2) The quanti-
tative classification method of traditional dwellings based on regional cul-
tural connotations still has limitations in terms of the integrated synergism
between architectural and cultural factors and spatial morphology char-
acterisation. There is still room for further improvement in response to the
functional patterns and laws of daily life of residents, and there is still room
for expanding the explorationof the correlationbetweencultural factors and
spatial patterns40. 3) Existing studies on spatial organisational patterns have
focused mostly on examples of individual buildings or local spaces, and
there is a lack of systematic exploration and quantitative analysis of the
overall spatial organisational patterns of traditional regional dwellings in
Huizhou, which makes it difficult to reveal the full spatial organisation
under the influence of regional culture41. In view of the above research gaps,
this paper proposes the following hypotheses.

(1) Introducing the spatial connectivity perspective in architectural
heritage. Based on an in-depth consideration of research on the organisa-
tional mode of architectural heritage space, the following hypothesis is
proposed: By introducing spatial connectivity relationships and trans-
forming architectural heritage space into a topological node model, the
connectivity features and hierarchical structures between spaces can be

revealed more accurately, thus providing a new perspective for an in-depth
understanding of the organisational mode of architectural heritage space.

(2) Using the spatial topology method to achieve quantitative classi-
fication of traditional regional dwellings. The spatial topology method can
provide a new path for studying traditional regional dwellings and quan-
titatively classifying traditional regional dwellings by calculating repre-
sentative parameter value domains to reveal the intrinsic influence of
regional cultural connotations on dwelling spaces more precisely and pro-
vide scientific guidance for protecting and renewing traditional regional
dwellings.

(3) Providing a generalised spatial organisation model for the design
and construction of new regional dwellings. Through in-depth analysis of
the spatial connectivity of traditional regional dwellings in Huizhou, a
universal spatial organisation model can be accurately extracted, which in
turn provides a quantitative and generalised basis for the design and con-
struction of new regional dwellings.

This study analyses the organisational mechanism and evolutionary
law of internal spatial connectivity through topological structure analysis,
the spatial mapping of traditional regional dwellings in Huizhou and the
quantitative calculation of relative asymmetry (ηRA) to establish a classifi-
cation system based on spatial accessibility and explore an updated design
method guided by a digitised topological configuration to realise the organic
integration of the cultural heritage of traditional regional dwellings and the
functional needs of new regional dwellings in Huizhou.

In terms of research importance, this study explores the internal spatial
characteristics of Huizhou traditional regional dwellings from the per-
spective of spatial connectivity, uses the method of topological translation,
overcomes the limitations of previous research on traditional regional
dwellings, which relies on morphological classification, and constructs a
quantitative analysis frameworkof spatialmap translation, topological value
domain analysis, and typological reconstruction. Topological structure
theory is combined with dynamic spatial parameters (ηRA values) to theo-
retically construct a technical framework andpath for the spatial typologyof
architectural heritage, with the spacing of traditional regional dwellings in
Huizhou as representative cases. This paradigm shifts fromamorphological
description to a quantitative analysis of topology and provides a gen-
eralisable algorithmicmodel for the digital analysis of architectural heritage
from an application perspective. This leads to a spatial analysis of the tra-
ditional regional dwelling space, which is balanced with regional cultural
characteristics and modern functional application. It can guide the design
and construction of new regional dwellings that consider both regional
cultural characteristics and modern functionality.

Methods
Figure 1 shows the technical roadmap of this study, which consists of the
following four steps: selecting the study object, spatial mapping, mapping
data translation, and spatial organisational pattern generalisation and
comparison.

Step1:During researchobject selection, on thebasis of the status quoof
the traditional regional dwellings in Huizhou and the previous achieve-
ments of the research team, this study selected traditional regional dwellings
in the core area of Huizhou, China. Field mapping research was combined
with copies from existing literature and drawing collections to carry out
comprehensive research on dwellings. A plan chart of the dwellings was
subsequently constructed.

Step 2: This study analysed the spatial distribution of traditional
regional dwellings in Huizhou and established a related spatial atlas. Fur-
thermore, by dividing the overall and local configurations of the dwelling
topology in the spatial atlas42, the spatial node characteristics and organi-
sational patterns were delineated43.

Step 3: This study calculated and quantitatively analysed the spatial
mean depth value (ηMD) and relative asymmetry value (ηRA) of traditional
dwellings in the Huizhou locality, used the ηRA value to classify the space
into relevant types, and further differentiated and compared the different
types of dwellings.
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Step 4: On the basis of the above analysis and research on traditional
regional dwellings in Huizhou, the classification results were compared and
summarised, and the new classification results were used to explore the
spatial connectivity of traditional regional dwellings in Huizhou in depth,
thus enabling the standardization and diversification of new regional
dwellings.

Selection of research subjects
In this study, the selection of the research object focuses on traditional
regional dwellings within the administrative scope of Huangshan city,
Anhui Province (including Huizhou District, Shexian County, Yixian
County, Xiuning County, Qimen County and other main areas of former
governmental governance). This province is the seat of ancient Huizhou
governmental offices and is thus the core area of the Huizhou culture44.
Many Huizhou traditional regional dwellings and traditional villages have
been preserved in their entirety. The selected samples of dwellings in tra-
ditional villages such as Xidi, Hongcun and others not only present the
typical characteristics of Huizhou traditional regional dwellings45 but also
cover the natural geographic units of the core area of Huizhou and focus on
the inheritance of architectural features and spatial archetypal evolution
laws under the influence of the Huizhou culture21. Fig. 2 shows the research
on traditional village residential maps.

In the research, Huizhou traditional regional dwellings focus on the
patio as the core component to build the spatial order. The hall divides the
functions according to the ritual system of ‘public in front and private in
back, and the wing rooms, veranda and corner wing rooms are symme-
trically laid out and decorated to achieve the systematic integration of
residences, traffic and storage. Previous studies have shown that this unique
architectural form is the product of the joint action of nature and cultural
practices, among which the influence of ‘Hui Culture’ on residential
dwellings is particularly significant. In terms of architectural form, Con-
fucian ethical and patriarchal concepts shape the architectural layout46,
whereas the concept of ‘Feng Shui’ influences the selection of architectural
sites. In terms of architectural appearance, the aesthetic concepts of regional
cultures influence regional traditions. In terms of architectural appearance,
the aesthetic concepts of regional culture have influenced the colours and

decorations of traditional regional dwellings, with typical features including
whitewashed walls and exquisite carvings and decorations. In terms of
architectural function, Hui Culture involves the combination of practicality
and cultural inheritance47, and such a close connection is particularly
obvious in the design of the patios of traditional regional dwellings48, which
is the result of cultural heritage, the geographic environment, Feng Shui
concepts and functional needs. Figure 3 shows the plan form and space type
of traditional regional dwellings in Huizhou.

With the southwardsmigrationof the central plains toHuizhou,where
land is scarce and there are many mountains and little land, the spacious
architectural system of the central plains gradually evolved into a narrow
patio to adapt to the local environment49, which made the layout of tradi-
tional regional dwellings more compact. Moreover, under the influence of
the feudal system, the external walls of traditional regional dwellings are
closed, and the windows are small, which makes the patio functionally
combined with the core functions of lighting, ventilation, and drainage50.
Additionally, the form of ‘rainwater is channeled into the patio’ also implies
the gathering of wealth in the concept of Feng Shui.

As shown above, these factors together shaped the typical char-
acteristics of traditional regional dwellings inHuizhou and formed a wide
range of residential spaces with patios at the core. Professor Deqi Shan of
Tsinghua University proposed a planar classification system of four
morphological categories, namely, ‘Hui, Ao, Ri, and H’, in an ‘Anhui Folk
House’, and the layout of the patio as the classification basis of this system
hasparadigmatic significance in the study of traditional regional dwellings
in Huizhou and has become the analytical framework for spatial mor-
phology research in this field51. On the basis of the above classification
results, scholars have subsequently identified typical patterns in the spatial
organisation and functional distribution of different layout types in spatial
morphology studies52. Several studies have analysed the interrelationships
of functional spaces in detail and proposed corresponding spatial pro-
tection measures for different layout types, which further reveals the
important role of key functional spaces such as patios. This form of
classification for traditional regional dwellings in Huizhou, based on
planar morphology, is highly valuable in the study of morphological
induction and historical staging.

Fig. 1 | Technology roadmap. a Research Subject Selection. b Estabilshment of Spatial Maps. c Data Computional Induction. d Compare and Contrast.
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However, this morphological classification method has shortcomings
when dealing with the division of spatial connections. On the one hand, the
classification method focusing on the patio fails to take into full con-
sideration the functional characteristics and flow organisation of living
spaces other than the patio and fails to reflect the global relationship of
diversified spaces in traditional regional dwellings. On the other hand, the
traditional classification method based on morphology fails to provide a
reproducible and expandable spatial connection paradigm in the design of
new regional dwellings and lacks the quantification of spatial connection
relationships53, which makes it difficult to adapt to the efficiency and
diversity of the design of new regional dwellings in response to the large
volume of new dwellings in a wide range of areas. The method of spatial
connectivity in this study overcomes the limitations of traditional typolo-
gical classification research and can more accurately quantify spatial con-
nectivity indicators and analyse the interrelationships between functions,
thus providing more targeted guidance for the design of new regional
dwellings.

In the sample examinedherein, a scientific sample selection framework
was constructed from four dimensions. Specifically, 1) the spatial dis-
tribution of samples spanned the Huizhou region across three geomor-
phological contexts (plains, mountains, and valleys), ensuring
representational balance in the study design54. 2) The sample selection cri-
teria prioritised structural integrity, requiring traditional regional dwellings
to retain at least 80% completeness in theirmain planes. Samples withmore

than 20% damage to original planes caused by natural disasters (e.g., fires,
floods, or insect erosion) were systematically excluded. This methodology
ensured the preservation of spatial authenticity in the studied regional
dwellings55. 3) In terms of historical style, this study referred to the screening
method of Kai Gong and other scholars and the legal and regulatory
requirements for the protection of China’s architectural heritage. Protection
laws and regulation requirements and relevant villages and historical
buildingswere screened from the catalogue of historical and cultural villages
issued by the state to ensure the authenticity and reliability of architectural
heritage. Additionally, atypical architectural samples with significant sty-
listic differences (e.g., bark dwellings, rammed earth dwellings) were
excluded to ensure the typicality and representativeness when presenting
samples of the Huizhou culture56. 4) The source authenticity of the tradi-
tional regional dwellings was fully considered to prevent the mixing of new
and old buildings from causing alterations and damage to the traditional
spatial layout. On this basis, this study randomly selected more than 50
relevant types of samples from the sample pool, thus providing a reliable
sample base for subsequent study. Figure 4 shows the sample selection
criteria for Huizhou regional traditional dwellings.

Survey and mapping
On the basis of these research objectives, this study further investigated and
mapped traditional regional dwellings in Huizhou. During the actual
mapping process, the research team ensured the accuracy of the planar data

Fig. 2 | Research on traditional villages—residentialmap. aLocation of dwellings.bResearchperiod. cAerial photographs related to village research. dPhotographs related
to village research.
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of the dwellings throughmultiple times and angles and supplemented them
with manual mapping methods to fill in the local blind spots of the data.
Through the use of other instruments, a handheld laser range was used to
obtain more than 600 valid internal rooms of traditional regional dwellings
inHuizhou and cumulative room scale data formore than 2000 rooms. The

average error of the obtained data was relatively small, which met the pre-
cision requirements of quantitative research. Furthermore, this study
summarises the acquired data and draws on quantitative data. The next step
will be the construction of spatial maps of the screened residential planes
and the study of the overall configuration and local configuration

Fig. 3 | Display of the plan forms and space types of traditional regional dwellings in Huizhoua. aArchitectural form. b Spatial type. cHui-style architecture plan layout.
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characteristics of the topological structure. Figure 5 shows the plans of the
researched traditional regional dwellings.

Classifications for traditional dwellings
The expression of regional residential space mapping uses topological
structure-relatedmethods. The topological structure of the research object is
based on the binary relationship between points and lines. The residential
space is expressed as a point, the spatial entity of the abstract expression, the
spatial connection relationship is a line, and the complex spatial connectivity
relationships are transformed into a mathematical computation problem for
visualising the mapping. The acquisition of relevant data digitally translates
the spatial connection relationship of the residential space57, which facilitates
digital research on the traditional regional dwelling space and the diversified
design of the new regional dwelling space. Figure 6 shows the representation
and translation of spatial mapping. Figure 6‘a’–‘e’ show the functional attri-
butes, positional coordinates, and connection relationships of the archi-
tectural space as topological relationship mapping with coordinate
information. When the coordinate information is removed and only the
topological relationship of the space is considered, the topological structure
mapcanbeconverted intomultiple formswithdifferent spaces as the vertices,
that is, topological relationship maps with different spaces as the vertices.
Figure 6‘d’–‘e’ show the topological relationship with ‘A’ as the vertices or
with ‘F’ as the vertices. Even though the positions of the vertices in the
topology are changed, the topological relations between the elements are not

changed, and the result still holds. Moreover, in topological structures, the
distance relationship between nodes is usually expressed in terms of the
number of topological steps, which increases as the number of passing nodes
betweennodes increases. For example, in Fig. 6, ‘A’ is 2 topological steps away
from ‘E’, and ‘C’ is 3 steps away from ‘D’.

Calculations
When quantitatively analysing the plan layout of a dwelling, spatial depth
values need to be quantitatively calculated. When the topology of a resi-
dential plan is quantitatively analysed, the effectiveness and functionality of
the spatial layout should be understood31. The quantitative process of the
functional spatial topological relationship is calculatedon thebasis of several
analysesof the spatial types of nodes in the topological structure, as shown in
Fig. 7. This approach lets us understand the intrinsic spatial characteristics
of the topological structure in detail, revealing the ordered pattern of the
connecting relationship between the residential spaces58.

The depth value refers to the topological depth of the space, regardless
of the actual distance, specifying that thedistance between twoneighbouring
nodes is one step. The depth value of a given node is the sum of the shortest
steps it takes to reach all the nodes in the system59. The depth value generally
indicates the depth of only one topology and is suitable for analysing and
comparing a single building. The topological analysis and comparison of
multiple buildings requires prior computation of the global depth value
(ηTD) for individual structures

60. The global depth value refers to the space

Fig. 4 | Sample selection criteria of Huizhou regional traditional dwellings. a Geographical Distribution. b Plan Integrity. c Scenic Feature. d Spatial Relationships.
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remapping after the start of the central space to any other space is a few
nodes. The topological depth value in all cases is cumulative superposition,
and the average of the shortest journey (i.e., theminimumnumber of steps)
from a node to all other nodes in the system is called the space’smean depth
value (ηMD), while the effect of the vertex itself needs to be eliminated using

the global depth value, as shown in Eq. (1):

ηMD ¼ ηTD xð Þ
NA � 1

Fig. 5 | Plans of the researched traditional regional dwellings. a ‘Ao’-Type Layout. b ‘Hui’-Type Layout. c ‘Ri’-Type Layout. d ‘H’-Type Layout.
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where ηMD (x) is the average depth value, ηTD (x) is the global depth value,X
is the topology of the centre, and NA is the total number of nodes in the
centre topology.

The topological maps of the dwellings have different forms of sym-
metry in addition todifferent numbers of nodes. Therefore, in the analysis of
multiple-sample topology, when horizontal comparisons are made,
experimental errors caused by the symmetrical forms of different buildings
are avoided, and a unified quantitative standard is formed. A standardised
indicator, the relative asymmetry value (ηRA), is introduced here, where a
smaller relative asymmetry value means that the space has greater accessi-
bility and is located at the core of the integrated spatial system. This value
can be taken to allow different residential values of the topology to be
compared under the same criteria, as shown in Eq. (2):

ηRA ¼ ηMD xð Þ
NA � 1

where ηRA is the relative asymmetry value, ηMD (x) is the average depth
value, X is the topology of the centre, andNA is the total number of nodes in
the centre topology.

Comparisons between the existing study and our proposal
From a digital research perspective, the qualitative analysis of traditional
regional dwellings in Huizhou can reveal their unique spatial structure
characteristics and cultural connotations. To more intuitively understand
and demonstrate the correlation between the topology of the spatial types of
dwellings and the spatial types from the traditional morphological
perspective61, this study introduces the Sankey diagram as a data visuali-
sation tool. Through this diagram, the relationship between two different
classification methods can be clearly presented, providing important sup-
port for the comparative analysis of topological structure andmorphological
classification62.

Results
Conformational features of spatial mapping
This study combines the frameworkof the four types of functionalmodels in
the theory of spatial syntax63 and the division of single spatial topological
nodes64 and forms different spatial relationships on the basis of the specific
context of Huizhou’s traditional regional dwellings by combining the dif-
ferent numbers and positions of nodes within the dwellings. This classifi-
cation system transforms abstract topological nodes into recognizable
spatial connectionmodels through the three-level framework of ‘node units
—combination rules—cultural characteristics’ and thus expands the
research perspective of Huizhou traditional regional dwellings. Figure 8
shows the topology and nodal classification of traditional dwellings.

In related research in the field of spatial syntax, the classification of the
conformational features of topological structures has been explored in
detail, and two classification criteria, tree type and ring type, have been
developed65. On the basis of the above research results, the following clas-
sification criteria are developed in this experiment by combining the
characteristics of the traditional regional dwellings in Huizhou. Figure 9
shows the topology classification criteria66.

On the basis of the above classification criteria, the topological nodes
are counted, and thefindings reveal that the number of topological structure
nodes of Huizhou traditional regional dwellings ranges from 624 nodes.
Among them, 10–13 nodes account for 50% of the sample capacity, and the
remaining nodes are mostly distributed in the number of 16–24 nodes. On
the basis of the above number of nodes and the grading characteristics, the
following descriptions are provided.

First there areMulti-layer andMulti-ring Types. This type of topology
has four or more levels of depth and accounts for approximately 39.5% of
the total sample. The distribution of the ring type also has main char-
acteristics; some of the rings are distributed at the front-end topology level,
mainly because of the high number of entrances to the dwelling’s plan, so its
patios, verandas, halls and outdoor courtyards form a ring line before the

Fig. 6 | Representation and translation of spatial mapping. a Room Floor Plan. b Space Connectivity Map. c Topology Establishment Map. d Topology Map.
e Topology Map.

Fig. 7 | Topology calculation process. a Topological Structure. b Topological Structure. c Topology Calculation Process. d Topology Calculation Results.
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beginning of their depths. Some of the rings are looped at the end; this type
mostly occurs in the ‘Ri’-Type layout because the halls andpatios are located
in the middle of the topology level, and surrounding spaces such as the
stairwells, east and west verandas, wing rooms and other spaces are con-
nected together to forma circular line.There are some regular features of the

Multi-layer and Multi-ring types. Figure 10 shows the topology classifica-
tion results. The number of nodes on the ring usually ranges from 4–6, with
4 nodes for the Basic Ring Structure. This structure contains three types of
functions: patio, hall, and veranda. In the plan, the veranda and thewalkway
are the end spaces connecting the patio and the hall, and the establishment

Fig. 8 | Research on the topology and nodal classification of traditional dwellings. a Topological Structure Nodes and Samples. b Topological Structure.
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of the Basic Ring Structure also reflects the characteristics of the plan layout
of the Huizhou traditional regional dwellings. A Basic Ring Structure is
equal to the ‘one-in’ architectural space in dwellings, which contains patios
and the functional rooms around patios. The other ring types all display a
Change Ring Structure, and the number of nodes increases, mostly because
different courtyards and patios are connected to each other through the
veranda or walkways, and the two Basic Ring Structures are connected to
become a Change Ring Structure. Most of the Change Ring Structures
containmore than two dwellings, and the spatial priority and accessibility of
the twodwellings are not the same;however, they are entail a dwellingwith a
strong public character, around which another dwelling is extended.

The patio in a Multi-layer and Multi-ring Type becomes the node of
each ring and connects other end spaces, such as wing rooms at the next
level. There are also two trends in the distribution of nodes according to the
distribution of nodes in the topological hierarchy. One is the generation of
ring connections in the front-end hierarchy called the Front Ring Structure,
and the other is the generation of ring connections in the end–end hierarchy
called the EndRing Structure.Most of the Front Ring Structures are created
because there are multiple main entrances in the dwelling’s plan, and the
multiple entrances converge into a loop at the patio after levels 1–2.
Moreover, in the Front Ring Structure, the patio or hall becomes an
important node connecting themany end spaces. The EndRing Structure is
more common, and thepatio becomes an important node in the ring.An in-
depth study of the functional combination of the plane revealed that the
wing room is no longer a single end space; the wing rooms are usually
equipped with two entrances, one connected to the patio or hall and the
other connected to the walkway space. Thus, the patio, the hall, the wing
rooms, andother spaces forma ring connection. TheMulti-layer andMulti-
ringType, as themostwidespread type of topological structure of traditional
dwellings in Huizhou, also reflects the core concept in the construction
process of dwellings, i.e., the ‘patio–hall’, around which a Basic Ring
Structure is made. The variations in multiple courtyards are constructed
according to the actual needs of the users. According to the actual needs of
the users, a ring shape with multiple courtyards is constructed, and in
different courtyard arrangements, the different distribution positions and
numbers ofmain entrances gradually evolve into a Front Ring Structure and
End Ring Structure.

The second type is theMulti-layer andMulti-branchType. This type of
topology has more than one depth level, accounting for approximately
46.6%of the total sample. Figure 10 shows the topology classification results,
which branch at the second or third node to form a topological map of two
to three nodes, mostly in two planes, an ‘H’-Type Layout and ‘Ri’-Type
Layout, and the core nodes are mostly in the halls and patios, with a few in
the verandas. Characterised by many dwelling nodes, the structure is more

complex. The figure shows that part of the topology produces an obvious
symmetry phenomenon. When combined with the corresponding plan,
most plans involve more complete multiple-entry courtyards, and the dis-
tribution of functional rooms inside the courtyards is also consistent. Most
of the Multi-layer and Multi-branch Types have only one ring type, and
most of them are Change Ring Structures with 5–10 nodes. One ring type
contains 2–3 courtyardswith patios, halls and correspondingwalkways, and
the nodes of the Change Ring Structures have as many as 4–6 layers. The
topology produces an obvious phenomenon in which the number of nodes
in the front section is lower and the number of nodes in the end section is
greater, which is called theMultiple Terminal Branch Structure. It is mostly
located in traditional regional dwellings connected with many courtyards,
with more end spaces at the deep level. The main and secondary aspects of
the internal functional space are not obvious, the layout of the patio and hall
of eachdwelling is consistent, andmost of themare arrangedhorizontally so
that the walkways on both sides of the patio are connected. The other types
are those in which the number of nodes in the front section is greater when
the number of nodes in the end section is lower, which is called theMultiple
Front Branch Structure.

The third type is the Multi-layer Tree Type. The topology of the type
has multiple levels of progression and is characterised by a single tree dis-
tribution. This type is present in all four types of dwellings, accounting for
approximately 13.9% of the total sample. The Multi-layer Tree Type has a
main branch and a few forks, but the fork points add only one level of
topological depth and are connected to end spaces, known as the Single-
centre Single-branch Structure. A lesser number of topology structures will
have one Base Ring Structure connection and no multi-ring connections,
known as the Single-centre Single-ring Branch Structure.

The topology diagram inFig. 10 shows that the number of levels for the
Multi-layer Tree Type is generally 5–10, which is more distributed in the
interval of 7–9; the number of nodes ranges from 8–14, and all of them are a
main branch type bifurcating at the patio and hall to connect the remaining
functional rooms at the end. In the Single-centre Single-branch Structure,
the topological level corresponding to the patio is always located at the front
end of the hall. The ring distribution in the Single-centre Single-ring Type is
mostly at themid-end location, and the number of nodes on the ring is low.
This phenomenon occurs because, first, there is only one main entrance to
the dwelling, and it mostly opens at the wall occupied by the patio; second,
multiple entrances and exits do not exist in end spaces such as wing rooms.

Comparison of multidimensional data calculations in
residential space
This study uses the relative asymmetry value for classification; the lower the
value of ηRA is, the better the corresponding spatial accessibility is in the core

Fig. 9 | Topology classification criteria. a Topological Type. b Scientific Basis. c Topological Structure.
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of the spatial layout, which is used as a criterion to classify the space type.
The lowest value ofηRAwas found in the four functional spaces: patios, halls,
walkways and courtyards. The Huizhou traditional regional dwellings are
classified into four types, namely, the Patio Connection Type, Hall Con-
nection Type, Walkway Connection Type, and Courtyard Connection

Type. Figure 11 shows the distribution of spatial nodes ηRA of traditional
dwellings in the Huizhou region. Additionally, there are also a few samples
where the lowest values are distributed in more than one type of functional
space, and the relevant samples are also made into composite connection
types, which are categorised into one of the four types.

Fig. 10 | Topology classification results. a Example diagram of Multi-layer and Multi-ring Type. b Example diagram of Multi-layer and Multi-branch Type. c Example
diagram of Multi-layer Tree Type.
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On the basis of the data pattern of the distribution of the spatial nodes
of the ηRA of the traditional dwellings inHuizhou, this study further assesses
the overall distribution of the ηRA values. Figure 12 shows box plots of the
ηRA values for traditional dwellings in Huizhou. The box plots and the data
distribution curves reveal that the four groups of data are distributed in the
range of 0.0–0.8, with minimum and maximum values of 0.073–0.8. There
are 1–2 outliers, and the distribution of the ηRA values is wider. The dataset
ofηRAalsohas several characteristics andpatterns. In addition, theηRAvalue
ranges widely, with the distributions of the maximum and minimum data
being 0.564 and 0.073, 0.628 and 0.07, 0.422 and 0.073, and 0.445 and 0.133,

in which the minimum values of the first two types of dwellings float in the
0.07 value band, and the maximum values float up and down by 0.6. The
reason for these phenomena is that thenumber of samples of these two types
of dwellings is large, and there are enough sample data to calculate, which
can reflect the distribution of the ηRA value of the space more accurately in
terms of the law and characteristics. For theWalkwayConnectionType, the
lowest value is similar to that of the first two types, but the highest value is
relatively low. Finally, to ensure that these types of samples aremore special,
the classification of the samples after the sample is less, resulting in the
corresponding value point in the high place being lower.

Fig. 11 | Distribution of spatial nodes ηRA of traditional dwellings inHuizhou region. aDistribution of spatial nodes ηRA of hall connection type. bDistribution of spatial
nodes ηRA of walkway connection type. c Distribution of spatial nodes ηRA of patio connection type. d Distribution of spatial nodes ηRA of courtyard connection type.
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The overall distribution of the data for the ηRA is skewed towards the
middle region of the chart, with the upper and lower quartiles of the four
groups of data being [(0.345, 0.195), (0.4, 0.222), (0.289, 0.19), (0.316,
0.216)], and the variability in the intervals where the upper and lower
quartiles are located is more pronounced as well, with a large fluctuation in
the difference between the two [0.15, 0.178, 0.099, 0.1]. The difference
between the groups is more obvious; it can be clearly seen that the Patio
Connection Type, which has the greatest difference as reflected in the chart,
is the correspondingηRAvaluedistributionof awider range, and the data are
more dispersed.

This phenomenon is partly because the number of samples of dwell-
ings associated with the Patio Connection Type is larger, generating more
data points, andpartly because the topologyof thePatioConnectionType is
more complex in terms of both overall configuration characteristics and

local configuration. The inclusion of the variation ring type leads to a wider
distribution of the corresponding ηRA value calculation results of the spatial
nodes. The highest point above the median is for the Patio Connection
Type, whereas the lowest value is for the Walkway Connection Type,
forming a ‘patio–hall–courtyard–walkway’ arrangement. For the four-
position score distance, the Patio Connection Type has the largest value
distance and the widest range of fluctuation. The Walkway Connection
Type has the smallest distance and the narrowest fluctuation range. The
mean of the data expresses the location of the data centre, and the standard
deviation expresses the degree of dispersion of the data. The study intro-
duced a normal distribution curve to investigate the associated value range,
which is also known as aGaussian or bell curve.The application of a normal
distribution comes from the evaluation of the standard deviation of the data
points. The degree of abnormality of the curve can be determined on the

Fig. 12 | Box plots of the values of ηRA for traditional dwellings in Huizhou. a Box plot of the four classifications. b Box plot data expression.
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basis of the deviationof 1 data point from themeandeviation. The curve has
the following properties: 68% of the data deviate from the mean within ±1
standarddeviation [0.121, 0.133, 0.093, 0.082], 95%of the data deviate from
the mean within ±2 standard deviations [0.242, 0.266, 0.186, 0.164], and
99.7% of the data deviate from the mean within ±3 standard deviations
[0.363, 0.399, 0.279, 0.246]. This result shows that the distribution of ηRA
values generated by the study conforms to the distribution characteristics of
the normal distribution curve, and the relevant experimental data are more
accurate, which satisfies the next qualitative exploratory study on the
relevant values.

After an in-depth analysis of the overall data distribution of the ηRA
values, this study not only analyses and explores these values at the level of
mathematical models but also attempts to establish a connection between
these mathematical calculations and the practical application of the interior
space of the dwelling. The establishment of the connection is the difficult
part of this study, as it involves translating abstract mathematical concepts
into concrete architectural practices. Next, the studywill examine these four
new classifications in detail, which involves analysing the similarities and
differences in the layout and the flow of spaces between them.

Exploring the classification of residential space types
The first connection type is the Hall Connection Type (‘Ri’-Type Layout
dominated). The plan features of the Hall Connection Type are mostly
based on the ‘Ri’-Type Layout. In this spatial type, the hall, as the traffic hub,
connects the functional rooms. The overall topological depth of the dwelling
ismostly 5–9 levels, and the high value of the topological depthmaps out the
vertical sequence law of ‘from shallow to deep, from public to private’ in the
Huizhou culture. In the distribution of levels, there is a distribution of ‘less at
the bottom and more at the top’, with the number of nodes at the deeper
levels being the highest, and the wing rooms and courtyards becoming the
end spaces owing to the demand for privacy (higher ηRA values), reflecting
the principle of prioritising privacy. Figure 13 shows the graphical rela-
tionship for the ηRA values for the Hall Connection Type.

The second connection type is the Patio Connection Type (‘Ao’-Type
Layout dominant). The characteristic of the Patio Connection Type is that
the patio is located mostly at the third level of the topological hierarchy,
connecting the functional rooms and the wing rooms open to the east and
west verandas, thus weakening the traffic attributes of the halls. In terms of
topological logic, the branching pattern is formed because of two types of
branches due to the different locations of the entrances. One type is single-
entrance branching; from the main entrance through the verandas, it can
directly reach thepatio,which serves as thefirst bifurcationnode andhas the
lowest ηRA value. The other type is the multiple entrance ring type dis-
tribution, which usually has 2–3 entrances to form a ring type layout at
nodes of levels 2–4, and the patio serves as the intersection of the ring type,
which has the lowest value of the lowest ηRA value. In terms of hierarchical
characteristics, the patio becomes the node with the best accessibility
because of its high connectivity. Figure 14 shows the graphical relationship
for the ηRA values for the Patio Connection Type.

The third connection type is the Walkway Connection Type (‘Ri’/‘H’-
Type Layout dominant). The Walkway Connection Type is usually char-
acterised by an extension along the central dwelling, with new traffic cor-
ridors added to replace the connecting functions of patios or halls, and it is
commonly found in sample cases of topographically constrained additions.
In terms of topological logic, the structure is a bifurcation-ring type, and a
topological depth bifurcation (2–4) occurs at the second level, eventually
forming a ring type,where the topological nodeof thewalkway connects 7–9
end rooms and becomes the core node (lowest ηRA value). Figure 15 shows
the graphical relationship for the ηRA values for the Walkway Connec-
tion Type.

The fourth connection type is the Courtyard Connection Type
(‘multiple entrance’ dominant). The Courtyard Connection Type features,
in which multiple entrances are mostly shown, lead to the disintegration of
the traditional vertical spatial sequence, and the courtyard thus becomes the
node with the best accessibility (lowest ηRA value). From the perspective of

topological logic, its structure presents the characteristics of multiple
bifurcation equilibria; the courtyard node has the highest number of
bifurcations, and the number of rooms connected by each branch is similar,
resulting in the absence of dominant functional nodes. Further analysis
reveals that courtyards replace the topological core of halls and patios and
that the ηRA values of internal rooms converge. Figure 16 shows the gra-
phical relationship for the ηRA values for the Courtyard Connection Type.

This study revealed that the number of samples of theHall Connection
Type and Patio Connection Type is high, and the number of samples of the
Walkway Connection Type and Courtyard Connection Type is low.
Notably, the samples in this category originate from the classification result
of the quantitative calculation, which reflects the uniqueness of the dwelling
pattern, and an insufficient sample size after classification does not damage
the accuracy of the classification result. The classification results reflect the
significant differences in the internal spatial organisation of traditional
dwellings from the typical Huizhou locality, resulting in relatively inde-
pendent clustering results. The main reason for this difference is the com-
plexity of the housing pattern and topographical conditions, which leads to
an increase in the number of ancillary functional rooms inside thedwellings,
leading to the emergence of many walkways connecting the different
functional spaces inside the dwellings and making the overall architectural
scale of the dwellings relatively large. In this case, the walkway connecting
multiple spaces becomes the space with the best accessibility. This type
reflects the characteristics of residential culture and increases the diversity
and validity of the classification.

Generalisation of spatial organisation patterns
In this study, sample data are selected to produce the relevant chart.
Figure 17 shows the distribution of residential type flows to the Sankey
diagram, which shows that the sample data of the Patio Connection Type
and Hall Connection Type account for the larger number of data samples,
followed by the number of internal spaces, which range from (5–25) but are
mostly distributed in the (7–14) band. In terms of the range of values, the
minimum value of ηRA is concentrated in the interval segment (0.1-0.2),
which accounts for approximately 70% of the total number of samples, and
the maximum value ≤0.4, with a smaller range of values and fluctuations.
The maximum value of ηRA is more uniformly distributed in the three
ranges of values (0.3-0.4,0.4-0.5,0.5-0.6), with a larger overall fluctuation
range. Each new spatial type will be studied and analysed next.

Hall ConnectionType: the numberof internal spaces are all distributed
in the (7–16) interval band, and the minimum ηRA values are mostly
between (0.1-0.2). Only (7,11,13,19) are distributed in the (0.0-0.1,0.2-0.3)
interval bands. However, when the maximum ηRA values are distributed in
the full threshold range, the Hall Connection Type originates from one of
the initial four spaces, which suggests that even if the patio location and the
combination method have changed, the hall still has the best spatial
accessibility after the calculation and classification are based on the relative
asymmetry value.

Patio Connection Type: the number of internal spaces is distributed in
the (6–19) interval segment with a wide range of values. The distribution
of the minimum ηRA value shows that the (0.1-0.2) interval segment
occupies the main sample number, and (0.0-0.1,0.2-0.3) occupies a certain
amount of the sample number, presenting amore uniformdistribution. For
themaximumηRAvalue, it is obvious that the rangeof the value iswider, and
the data volume is larger in the relevant characteristics. In the corresponding
original space types, the Patio Connection Type also has a distribution in all
the original four types of space. Among them, the majority of them are
distributed in ‘Ao’-Type Layout, and fewer are distributed in the other three
types of space types.

WalkwayConnectionType: the numberof spatial nodes is high, and as
the type with the highest number of spatial nodes among the four classifi-
cations, the highest value reaches 25 spatial nodes, where the lowest value
reaches 11 spatial nodes, which also indicates that the traditional regional
dwellings corresponding to the Walkway Connection Type are mostly
variant dwellings, most of which are affected by the settlement pattern and
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topography. The range of ηRA values is the same as that of the two types
above.Among the corresponding original space types, thePatioConnection
Type is distributed inonly threeof the fouroriginal space types,withmoreof
them distributed in the ‘Ri’-Type Layout.

CourtyardConnectionType: the distribution of the number of internal
spaces is (5–15),most of the ηRAminima are distributed in the interval (0.1-

0.2), and the rest are distributed in two categories (0.2-0.3,0.3-0.4). Most of
the ηRA maxima are distributed in the interval (0.3-0.4,0.5-0.6) and in the
primitive space, which similarly occupies the same four types of
spatial types.

After the above four new spatial types are classified, the study of the
corresponding charts shows that the dwellings after classification come from

Fig. 13 |Graphical type of relationship for ηRA values forHall ConnectionType. aTopological Structure. b ηRA'sMap ofDwelling. cNode Sequence Based onRoomUsage
and ηRA's Value.
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different original spatial types, proving that the traditional classification
method has some research limitations and is not able to classify the spatial
types accurately. In the studyof the spatial connectivity of traditional regional
dwellings, the topological structure is used to calculate the corresponding

asymmetric values to carry out the division, and the traditional regional
dwellings are newly translated and classified from a digital point of view.

Figure 18 shows the folded flow distribution of residential types,
and the relationships between the newly classified samples and the

Fig. 14 | Graphical types of relationship graphs for ηRA values in Patio Connection Type. a Topological Structure. b ηRA's Map of Dwelling. cNode Sequence Based on
Room Usage and ηRA's Value.
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original four classifications are clearly shown. The figure shows that the
samples of the Hall Connection Type, Patio Connection Type, Walk-
way Connection Type, and Courtyard Connection Type are all from
the original four classifications, and the traditional classification
method may have a series of limitations, such as unclear labelling and
inconsistent results, and that using the perspective of spatial con-
nectivity to make a new classification of traditional regional dwellings
in Huizhou from another dimension will be more helpful for the

protection and use of dwellings. In the following section, the topolo-
gical configurations under the new classification criteria are used to
guide the revitalisation and reconstruction of new regional dwellings in
Huizhou. In the topological configuration of traditional regional
dwellings, topological features are selected to be integrated with the
functional requirements of new regional dwellings so that the con-
structionmeets the functional requirements of the dwellings in the new
era and shows the characteristics of traditional regional dwellings.

Fig. 15 | Graphical type of relationship for ηRA values inWalkway Connection Type spaces. aTopological Structure. b ηRA'sMap of Dwelling. cNode Sequence Based on
Room Usage and ηRA's Value.

Fig. 16 | Graphical types of relationship graphs for ηRA values in courtyard Connection Type Spaces. aTopological Structure. b ηRA’sMap of Dwelling. cNode Sequence
Based on Room Usage and ηRA’s Value.
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Revitalisation and renewal of traditional regional dwellings
Using the above research results, this chapter starts from the spatial
connection relationship to standardise the design and diversify the
combination of new regional dwellings inHuizhou,which aremostly two-
story dwellings, and the use of the ‘brick and wood’ structural system
makes the second-story space a mapping of the main space of the first
story,which is essentially a repetition of the architectural space. Therefore,
in terms of geographical applicability, this study is applicable not only to
one-story traditional regional dwellings but also to two-story and above
traditional regional dwellings. Using the new four classification results for
traditional regional dwellings, the typical spatial connection relationship
can be selected for diverse designs.

In this experiment, the team takes new regional dwellings as the
research object and selects the Patio Connection Type as the experimental
sample for in-depth investigation. Figure 19 shows the Patio Connection
Typenew regional dwelling sample plan. The core functional spaces, such as
the patio, are extracted formodernisation and expansion, and the patio, as a
core expansion element, is connected to the living room, bedroomandother
rooms through the addednodes to formadiversifiedplan layout.The added
patio space is located mostly on one side of the dwellings, forming spatial
connectionswith the living room, kitchen, etc., which not only enhances the
visual effect but also strengthens the functional relevance.

With respect to the continuation of spatial morphology and regional
characteristics, the patio continues the roof feature of ‘rainwater is chan-
neled into the patio’ and the slope drainage system of Huizhou dwelling,
forming a distinctive regional symbolic feature. Moreover, the addition of
courtyard spaces enhances the overall enclosure of the dwelling and pre-
serves the symmetry of the overall axis of the traditional courtyard layout.

Additionally, the new structure continues the traditional facade language of
the horsehead wall, whitewashed wall and tiles to maintain the overall
coordination of the modelling.

To optimise the dwelling type and configuration of functional areas, an
open layout or additional entrance foyer is chosen for the ground floor plan
to strengthen the sense of ceremony in the spatial sequence. The corners of
the building are reduced, the combination of functional areas is optimised,
and the living room area is enlarged to accommodate more complex
functions.Onthe secondaryfloor,more restingplatformsandbedrooms are
designed.

In summary, the modern expansion of new regional dwellings with
patios as the core has not only achieved innovation and optimisation in
spatial layout but also achieved a balance between regional cultural heritage
andmodern living needs. Through the organic connection between the new
nodes and the functional rooms, a rich and varied floor plan is formed,
which meets the needs of different family structures and lifestyles. Addi-
tionally, the continuation and re-creation of the traditional Huizhou
architectural elements resulted in these dwellings not only having distinctive
regional characteristics but also meeting the aesthetic and functional
requirements of contemporary people, providing valuable practical
experience for the modernisation and transformation of traditional archi-
tecture and promoting the sustainable development of local architectural
culture.

Discussion
In this experiment, the research team’s reflections related to sample repre-
sentativenesswere centeredon the scientific rigorof sample selection criteria
and the feasibility of large-scale validation and expandability for traditional

Fig. 17 | Distribution of residential type flows to Sankey diagram. a Hall connection type of Sankey diagram. b Patio connection type of Sankey diagram. c Walkway
connection type of Sankey diagram. d Courtyard connection type of Sankey diagram.
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regional dwellings in Huizhou. This study involved a systematic screening
process aimed at ensuring methodological robustness while laying
groundwork for future replicability and scalability across broader archi-
tectural contexts.

In this study, amultidimensional scientific frameworkwas constructed
in the sample selection process, fully integrating the core elements of
balanced spatial distribution, integrity of plan layout, typicality of residential
style and authenticity of spatial connectivity. Specifically, for balanced
spatial distribution, the core area of Huizhou was taken as the study area,
and all landform typeswere coveredby stratified sampling. Thismethodnot
only avoids the interference of a single geographic feature on the conclusion
of the studybut also improves the coverage of the sample througha stratified
design, which is in line with the basic principle of ‘ensuring that the overall
characteristics are fully reflected’ in the sampling theory.With respect to the
integrity of the plan layout, the threshold of plan integrity of traditional
regional dwellings was set at ≥80%, and samples withmore than 20% of the
areadamaged due to various disasterswere excluded to ensure the reliability
and repeatability of the planmapping data of traditional regional dwellings.
Style characteristic typicality, the screening of samples on the national list of
famous historical and cultural villages, and the exclusion of atypical
dwellings follow the screening logic of ‘priority of authenticity’ in the field of
cultural heritage protection. By excluding the sample of old and newmixed
renovated dwellings, the interference of modern design on the spatial
connectivity of traditional regional dwellings is circumvented, which helps
to reveal the spatial archetypes of traditional regional dwellings thathavenot
been alienated.

Although the current sample system has a scientific basis, there is still
room for optimisation. By referencing the rigour of the above sample
selection, in future research, the teamwill systematically expand the sample
size and increase the diversity of samples. To this end, under the framework
of the established research, field research work in Huizhou will be carried

out on a regular basis to proactively collect sample data from different
regions and types to ensure that the samples are broad and representative
and to provide a solid foundation for subsequent research.

A data-driven spatial categorisation system for dwellings, utilising the
relative asymmetry (ηRA) value as a quantitative analytical tool, has been
validated for its effectiveness in decoding the spatial structures of diverse
traditional regional dwellings.The relative asymmetry value (ηRA value), as a
quantitative analysis tool, has been proven to be suitable for analysing the
spatial structure of many types of traditional regional dwellings. By quan-
tifying spatial topological relationships, this method can effectively reveal
the intrinsic spatial organisation patterns of traditional regional dwellings
and provide a scientific basis for further understanding their functional
layouts and human behaviour patterns in different environmental contexts.
In the field of spatial syntax, the use of quantitative analysis methods has
achieved important results in various aspects. Through spatial syntax ana-
lyses of dwellings in different regional and cultural contexts, such as Italy67,
Spain68, China28, and Japan69, researchers have extensively explored the
relationships between spatial configurations and social interactions, spatial
reorganisations and flexibility strategies, spatial evolutions and socio-
economic factors, and spatial characteristics and cultural contexts. These
studies not only reveal the intrinsic spatial organisation patterns of tradi-
tional regional dwellings but alsoprovide a scientific basis for understanding
their functions and behaviours in different environments. All the above
studies verify that the quantitative analysis of ηRA values is applicable to
different regional architectural studies.

Moreover, owing to the calculation method and data characteristics of
relatively asymmetric values, the following limitations should be considered
in the actual calculation process of this index. As shown in equation (2),
when there is only one room in the dwelling, that is, the total number of
nodes (NA) is equal to 1, the denominator will be 0, which cannot be
calculated. Although this situation is relatively rare, there is still the

Fig. 18 | Folded flow distribution of residential types. a Four type of line graphs. bNew–Old four categories of Sankey diagram. cDiagram of the quantities of new and old
types. d All associated space of this type ηRA sample point.
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possibility of index maladaptation in theory, and it is necessary to pay
attention to the occurrence of specific situations in the calculation of such
data indicators in actual investigations.

This studydeepens data analysis by critically examining the topological
logic and cultural connotations embedded in residential spatial organiza-
tion. From the perspective of modern housing, the layout of traditional
regional dwellings in Huizhou has many drawbacks. At the level of topo-
logical logic, the spatial organisation of traditional regional dwellings is
relatively fixed, and under the influence of history, society and culture and

the technical conditions of the times, the spatial connection and functional
allocation form a relatively stable topological structure. However, this sta-
bility is not flexible enough to cope with the diverse demands of modern
living. For example, in the Hall Connection Type, the hall serves as a
transport hub connecting various functional rooms, but this layout may
result in wasted space and a single function in modern dwellings. From the
perspective of topological logic, this centralised topology with the hall as the
core and all functional rooms around the hall lacks the flexibility and
diversity required for modern living70.

Fig. 19 | PatioConnectionType new regional dwellings sample plan. aThe patio is located on the east side of the new regional dwelling. bThe patio is located on themiddle
of the new regional dwelling. c The patio is located on the middle of the new regional dwelling. d The patio is located on the middle of the new regional dwelling.
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In terms of cultural concepts, the layout of traditional regional dwell-
ings in Huizhou reinforces family hierarchy and gender inequality, which is
contrary to modern values of equality and freedom. For example, women’s
activities generally take place in marginal spaces such as wing rooms and
kitchens, which are extremely inaccessible and secretive, and their freedom
is severely restricted, which is unacceptable inmodern society. Similarly, the
conservative cultural concepts of Huizhou’s traditional regional dwellings,
which are centred and inwardly focused, conflict with modern open and
inclusive life functions. Furthermore, defensive and closed spaces contradict
the open and free lifestyle pursued by modern people. In summary, tradi-
tional regional dwellings in Huizhou need to be improved and innovated to
meet the demands of modern life.

From a spatial typology perspective, this study explores the research
limitations of Huizhou traditional regional dwellings and proposes strate-
gies for the protection andutilization of new regional dwellings. The existing
graphical characteristics of Huizhou traditional dwellings, which are based
on planar forms, are highly valuable in the study of form induction and
historical staging. Compared with previous studies, the traditional classifi-
cation system has two main limitations. First, single-element-dominated
spatial division logic (e.g., patio centrality) has difficulty integrating the
synergistic relationship of multiple functional spaces, and it fails to sys-
tematically analyse the coupling relationship between living spaces (e.g.,
halls and wing rooms) and traffic flow lines and to establish the connecting
relationship of functional zoning. Second, because of the lack of a calculable
spatial connectivity index system, the morphology-oriented classification
standard is not able to generate spatial prototypes suitable for the regional
cultural lineage, and it is also difficult to realise the diversity of spatial
combinations through parametric adjustments in response to the design of
new residential dwellings in Huizhou.

In the study of traditional regional dwellings in Huizhou, research has
started with the construction of topological databases, conservation prin-
ciples and measures. Through the construction of a topological database,
historical information on residential culture based on a specific period is
systematically preserved. This process involves a comprehensive recording
and analysis of the traditional regional dwellings ofHuizhou, including their
spatial layout, architectural form and the way they interact with the natural
environment. Advanced technologies such as digital mapping are used to
capture and store detailed information about the relevant dwellings accu-
rately, thus providing data support for subsequent conservation and
restoration work. In the construction of new regional dwellings, the design
should focus not only on the form itself but also on the living habits of the
residents to meet the needs for the use of new regional dwellings while
reflecting the regional culture behind the buildings and guiding the diver-
sified design of the new regional dwellings. This approach allows dwellings
to conform to the architectural style of traditional regional dwellings while
meeting the needs of modern economic and social development. This type
of adaptive use can not only inject new vitality into traditional regional
dwellings but also provide a systematic solution for the construction of new
regional dwellings that combines the effectiveness of cultural inheritance
and the value of engineering practice.

As an important spatial carrier of the Huizhou culture, the spatial
connectivity of Huizhou traditional dwellings has important research value
in history, culture and construction technology71. To understand the spatial
structure of Huizhou traditional regional dwellings more comprehensively
in the face of challenges such as ageing and functional alienation in the
process of modernisation72, this study proposed a method of digital topo-
logical analysis, which overcomes the limitations of traditional morpholo-
gical classification, establishes an analysis systemof planar space, realises the
visual translationof spatialmapping, and constructs a quantitative systemof
spatial connectivity, aiming at providing scientific theory and relevant bases
for the preservation and revitalisation of architectural heritage.

The conclusions of this study are as follows. (1) Database establish-
ment: A high-precision database is established by combining 3D laser
scanning (accuracy ±1.5mm) andmanualmapping, coveringmore than 50
traditional regional dwellings inHuizhou. (2) Spatialmapping construction:

Abstracting the physical space into topological nodes, this study extracted
the Multi-layer and Multi-ring Type, Multi-layer and Multi-branch Type,
and Multi-layer Tree Type as well as three types of holistic configurations,
and the study resolved eight local loop characteristics: the Basic Ring
Structure, ChangeRing Structure, FrontRing Structure,EndRing Structure,
Multiple Terminal Branch Structure, Multiple Front Branch Structure,
Single-centre Single-branch Structure, and Single-centre Single-ring Branch
Structure. (3) Spatial typing analysis: The relative asymmetry value (ηRA)
was introduced to calculate spatial accessibility and classify fournew typesof
spatial types, namely, the Hall Connection Type, Patio Connection Type,
Walkway Connection Type, and Courtyard Connection Type. (4) Design
and promotion of the application: on the basis of the above findings, the
Patio Connection Type was selected as an experimental object to guide the
new regional dwelling. which realised the ‘genes’ of architectural heritage
empowering modern architectural design.

Moreover, this study also constructed the ‘theory–practice’ transfor-
mation closed loop of ‘gene decoding—carrier reconstruction—activation
and continuation’. The study established aplanar database and a topological
database of regional dwellings in Huizhou, which provided a data basis for
subsequent cross-regional comparative studies. On the one hand, the
application of this quantitative technology can provide a more scientific
basis for the classification of dwelling types. On the other hand, the use of
visualisation techniques such as Sankey diagrams explains the mapping
relationship betweenmorphological and topological classifications, and this
approach not only reveals the connection relationship between the func-
tional spaces of the dwellings but also expands the perspectives andmethods
of spatial connectivity research, providing a new way of thinking for the
stereotypical classification of traditional regional dwellings.

The research results reveal that a traditional regional dwelling is a
complex system, and its spatial layout design requires further exploration of
its coupling and correlation mechanisms. Moreover, the research results
have important reference value for the progressive renewal and organic
revitalisation of traditional regional dwellings in other areas, which con-
tributes to the holistic protection and sustainable development of cultural
heritage. This research not only enriches the theory of spatial analysis but
also provides practical classification and design references for practitioners.
Future researchcan further explore thedynamic characteristicsof the spatial
layout of traditional regional dwellings in depth to providemore theoretical
support for the revitalisation and inheritance of cultural heritage.

Data availability
The authors confirm that all findings in this study are supported by data
provided within the manuscript.
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