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ABSTRACT 
This paper proposes a new method of convex partitioning for orthogonal layouts. The proposed method 
provides a description of the relation between interior space and its boundaries, and is constructed 
through considering two conditions. The first condition is that each convex subdivision relates to a local 
boundary condition, such as a wall, a corner, or at least a vertex. The second condition is that each side 
of a convex subdivision is either defined by a solid boundary or is fully permeable to an adjacent convex 
unit in a consistent manner, excluding the presence of breaks in a side of a convex unit into partly solid 
and partly permeable sections. The paper is organised in four parts: the first part highlights the need for 
a further understanding of the relation between boundary and space. Three existing methods of space 
partitioning relevant to the relation between space and boundary are studied. These are the original 
convex break-up method in space syntax by Hillier and Hanson, and the Surface and End-point 
Partitions by Peponis et al. It is shown that while the Hillier and Hanson Partition is motivated by a 
social conception of space, namely that of co-presence, and the Surface and End-point Partitions capture 
perceptual properties of boundaries, the proposed convex break-up aims to describe the relation between 
interior space and its boundaries. The second part presents the proposed method and establishes its 
usefulness in capturing the boundary-space relation by demonstrating that it only produces a limited 
(only 12) number of dimensionless space-types to describe any orthogonal layout. Also, compared to 
the Surface and End-point Partitions, the proposed method is potentially more economical in terms of 
the number of convex units necessary to describe a layout. The third part further tests the method by 
examining a sample of nineteenth-century mansions of Esfahan, Iran as case studies. Results from this 
analysis show that morphological consistencies can be detected in these case studies using the proposed 
method, such as the systematic occurrence of particular space-types. This part of the analysis also 
establishes the kind of neighbouring space-types that each convex unit is likely to have in the sample. 
It is demonstrated that cultural meanings can be read in the relation between space and its boundaries 
using the proposed method in the selected case studies. The final part of the paper discusses the 
generalisable benefits of the proposed approach in understanding the morphology of interior space in at 
least two ways. By partitioning layouts through a limited number of space-types the proposed method 
can be associated first, with other types of classification methods that syntactically describe geometry 
and spatial morphology, and second, with sematic descriptions of boundary and space engaging socio-
cultural aspects of spatial cognition. 
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1. INTRODUCTION: BOUNDARY-SPACE RELATION AND THE EXISTING 
METHODS OF CONVEX PARTITIONING  

This paper proposes a method of convex partitioning for orthogonal layouts that captures the relation 
between interior space and its boundary. The new method aims to relate equally to interior space as the 
domain of spatial relations of a building and to its boundary conditions (Figure 1-a). Different methods 
of convex partitioning capture aspects of boundary-space relation. However, they either emphasise 
spatial relations and patterns of spatial occupation or else the perceptual properties of boundaries. The 
first group are methods that relate mainly to space considering boundaries merely as devices that shape 
space, while the second group are methods that relate to boundary conditions creating spatial divisions 
that are meaningful in relation to boundary properties. One of the most widely used methods in the first 
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group is the original way of creating a convex map explained by Hillier and Hanson (1984), here 
referred to as the Hillier & Hanson Partition. Instances in the second group are the Surface Partition 
and the End-point Partition (J Peponis, Wineman, Rashid, Kim, & Bafna, 1997).  

Figure 1: (a) aspects of spatial cognition, (b) convex partitioning of a shape using the End-point Partition and its corresponding 
graph, (c) insensitivity of the Hillier & Hanson Partition to boundary conditions, source: (Psarra, 1997, p. 32.03), (d) convex 
partitioning of a shape without openings using the Surface Partition and its corresponding graph, (e) convex partitioning of a 
shape with openings using the Surface Partition and its corresponding graph, (f) thirteen dimensionless space-types emerging 

from the Surface Partition of a shape with no openings, (g) other cases of convex subdivision emerging from the Surface 
Partition of a shape with openings  

The Hillier & Hanson Partition, the “least set of fattest spaces that covers the system” (Hillier & 
Hanson, 1984, p. 92), provides a representation of the two-dimensional extension of space which does 
not aim to be sensitive to the boundary properties of space. This was first proposed by Psarra (1986) 
(1997) noticing that continuities or discontinuities of boundaries were not captured by the original 
convex break-up method (Figure 1-c). It means that there are many geometric configurations that yield 
the same graph using the Hillier & Hanson Partition. 
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The End-point Partition creates “informationally stable” convex units. This means that “every time we 
cross a demarcation line, a discontinuity either appears into or disappears from our field of vision” (J 
Peponis et al., 1997, p. 769). Thus, the End-point Partition being highly sensitive to shape properties 
(Figure 1-b) creates convex subdivisions that consider perceptual aspects of boundaries (John Peponis & 
Bellal, 2010, p. 6). The Surface Partition (Overlapping convex spaces (Hillier, 1996) (Psarra, 1997)) 
obtained by "extending both sides of all reflex angles as well as all walls terminating at a freestanding 
end point” (J Peponis et al., 1997, pp. 767-768) aims to capture “the experience of shape that is available 
to a moving observer. Each time such an observer crosses an s-line, an entire surface either appears into 
the visual field or disappears outside it” (J Peponis et al., 1997, pp. 767-768) (Figure 1-d,e).  

The Surface Partition creates a set of 13 convex space-types (Figure 1-f) in addition to an infinite number 
of convex subdivisions created by openings in the layout (Figure 1-g). The 13 space-types created by this 
method of space partitioning can standardise the relation between space and boundary. Such 
standardisation can potentially give an emphasis to the relation between space and its boundaries. The 
difficulty with the Surface Partition however, lies in the fact that these 13 types are not the only 
subdivisions that occur using this method (Figure 1-e,g). As shown in Figure 1-e,g, the Surface Partition 
also creates convex subdivisions that have sides that are not consistently solid or permeable to adjacent 
convex units. This reduces the sensitivity of the Surface Partition to boundary conditions. There is also 
a problem with the space-type that is not defined by any boundaries (Figure 1-f-13). Eliminating the 
possibility of the occurrence of this space-type has the benefit of being able to always relate space to a 
boundary definition. Thus, to be able to construct a boundary-sensitive partitioning of space, there needs 
to be modifications to the Surface Partition that results in only 12 space-types. 

2. THE BOUNDARY-BASED CONVEX BREAK-UP  
In order to derive the rules for the proposed Boundary-based Partition (Maghzian, 2016), we modify 
the Surface Partition. Following the rules for the creation of the Surface Partition, at least 13 possible 
geometric definitions of a single convex subdivision emerge (Figure 1-f). To create the new partition 
based on boundary definition, the first thing to note is that the highlighted subdivisions in Figure 2-b are 
not allowed, as there are no boundaries defining them (Figure 1-f-13). To meet this condition, the convex 
subdivisions need to be defined by at least one vertex. The new method of partitioning begins by 
extending the surfaces until they meet the opposite surface (similarly to the Surface Partition). To avoid 
the creation of convex spaces that have no boundary definition, whenever lines intersect, only the 
shortest ones are extended until they meet an opposite surface. The longer lines (starting from the vertex 
that created them) are stopped at the point of intersection (Figure 2-a). It can be shown that if one of the 
two lines is not extended beyond the point of intersection, the resulting subdivisions will always relate 
to a boundary definition. The reason for extending shorter lines is that the surface areas of the resulting 
convex subdivisions keep a closer contact with boundary definitions, thus, in general creating fatter 
convex subdivisions. Also, as the longer lines are not extended beyond the point of intersection with 
the shorter lines their effect is removed from the remote areas in the layout. In this respect unlike the 
Surface and End-point Partitions, the Boundary-based Partition responds to metric properties of space. 
This modification also makes the proposed method potentially more economical than the Surface and 
End-point Partitions in terms of the number of convex units necessary to describe a layout. 

The second modification to the Surface Partition is about the way in which the end-points of walls are 
treated in the proposed method. The Surface Partition only considers the extensions of the surfaces 
parallel to them (Figure 2-c-4,5,6). The Boundary-based Partition however, considers extensions of the 
surfaces both parallel and perpendicular to them (Figure 2-c-7,8,9). This ensures that each side of a convex 
subdivision is either defined by a solid boundary or is fully permeable to an adjacent convex unit in a 
consistent manner, excluding the presence of breaks in a side of a convex unit into partly solid and 
partly permeable sections. The importance of this is demonstrated in Figure 2-c. In this figure three 
hypothetical plans are considered. As can be seen, the differences in the configuration of the boundaries 
are not reflected in the Surface Partition and its corresponding graph, remaining the same in all three 
cases. The proposed Boundary-based Partition on the other hand is such that these differences are 
clearly visible in the graphs. 
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Figure 2 (a) drawing lines as the extensions of the surfaces and stopping the longer lines at the point of intersection with the 
shorter lines in the proposed Boundary-based Partition, (b) the Surface Partition and the Boundary-based Partition of a 

hypothetical plan, (c) three hypothetical plans, their space partitioning by the Surface and Boundary-based Convex Break-ups 
and their corresponding graphs 

The rules defining the convex break-up by the Boundary-based Partition for orthogonal geometries are 
as follows: 

Stage 1: In the first stage, from the end-points of free-standing walls and vertices corresponding to reflex 
 angles draw extensions of the surfaces parallel (like the Surface Partition) and perpendicular 
 (unlike the Surface Partition) to them until they meet an opposite surface (Figure 3-a-1).  
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Stage 2:  In the second stage, from the drawn lines that intersect keep the shortest ones (red dashed lines 
 in Figure 3-a-2) and keep the longer ones (starting from the vertex that created them) only until 
 they meet the shorter lines (red dashed lines in Figure 3-a-3) and not beyond (deleting the crossed 
 lines in Figure 3-a-3).  

 

Figure 3 (a) rules defining the convex break-up by the Boundary-based Partition, (b) clarification of rules in the definition of 
Boundary-based Partition when there are intersecting lines of equal length in layouts 

There needs to be a clarification of rules in cases where there are intersecting lines of equal length 
resulting from the first stage in the layout. Figure 3-b-1.1 and Figure 3-b-1.2 demonstrate two ways that this 
can occur. Figure 3-b-1.1 concerns when two intersecting lines resulting from the first stage of creating 
the Boundary-based Partition have equal lengths (line-segments ab and cd). Figure 3-b-2.2 shows how 
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this situation is dealt with. Line-segment cd gets priority in this situation over line-segment ab. The 
reason for this is that this prioritisation creates fatter convex subdivisions. This is because the line-
segment ae is shorter than ce and cg. Figure 3-b-3 and Figure 3-b-4 explain the situation more clearly by 
showing alternatives to the method proposed. Figure 3-b-3.1 and Figure 3-b-4.1 show line segments ab and 
cd intersecting. These line segments have equal lengths. Figure 3-b-3.2 and Figure 3-b-4.2 show how to deal 
with this situation, namely extending cd and stopping ab at the intersection point. Figure 3-b-3.3 and Figure 
3-b-4.3 show the alternative solution, namely extending ab and stopping cd at the point of intersection. 
It can be observed that Figure 3-b-3.3 results in two thin convex spaces, whereas Figure 3-b-3.2 results in 
one. Also, Figure 3-b-4.3  results in one very thin convex space, whereas this is not the case in Figure 3-b-
4.2. Figure 3-b-1.2 shows a second situation where there are ambiguities regarding which lines take 
precedence over other lines. In Figure 3-b-5,6,7 the lines of equal length are in fact parallel to one another 
(line-segments ab, cd and ef). However, they all intersect with a different line (line-segment gh). Figure 
3-b-5.2 illustrates how this situation is dealt with. Here, since the intersecting line segment gh starts at 
the point g, the line-segment ef - being the most distant to point g - takes precedence over ab and cd. 
This is to ensure fatter convex subdivisions. Figure 3-b-6.2  shows an alternative where the line segment 
ab is drawn first. As we can see, this results in thinner convex spaces than the method approach in Figure 
3-b-5.2. Figure 3-b-7.2 shows a similar situation where other than the line-segment gh, there is another 
intersecting line ij in the layout. Since points g and h are on either side of the parallel lines, this time the 
parallel line closest to the mid-point of gh (or equivalently ij) namely the line-segment cd gets priority 
over ab and ef. 

 

Figure 4 (a) comparing the Surface, End-point and Boundary-based Partitions in relation to an observer moving in the layout, 
(b) the 12 generic space-types resulting from a break-up by the Boundary-based Partition 

As shown above, there are only twelve types of dimensionless convex subdivision that result from 
applying the Boundary-based Partition to any orthogonal layout. This property allows different layouts 
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to be compared to each other. There are two further points about the Boundary-based Convex Break-up 
that are useful in interpreting orthogonal layouts partitioned by this method.  

The first concerns the convex subdivisions created by the Boundary-based Partition in relation to an 
observer moving in the layout. Figure 4-a shows a hypothetical plan broken-up by each of the Surface, 
End-point and Boundary-based Partitions. It also highlights two subdivisions in each of the three plans, 
as well as a boundary line highlighted in red for the Surface and Boundary-based Partitions, and a 
vertex (discontinuity) for the End-point Partition. The point that is being illustrated here is that by 
moving from one highlighted convex subdivision to another highlighted one the red boundary line / 
vertex appears or disappears from the field of vision. This is true for Surface, End-point and Boundary-
based Partitions. The difference of the Boundary-based Partition compared to the other two partitions 
is that the boundary line appearing or disappearing from the field of vision by crossing from one convex 
space to another is a local boundary. This means that the boundary line shares a vertex with one of the 
highlighted convex spaces. This is not the case for Surface and End-point Partitions, meaning that the 
appearing and disappearing boundary / vertex is not necessarily connected to the highlighted convex 
spaces. In this way it is possible to say that the Boundary-based Partition makes only the local 
boundaries relevant in relation to the experience of the moving observer, while the Surface and End-
point Partitions consider all boundaries whether they are local or remote from the considered convex 
spaces.  

The twelve types of convex subdivision can also be interpreted architecturally (Figure 4-b). Subdivision 
type 1 can be read as a turning point in a layout, since it marks a corner space with a solid situated on 
the opposite corner. Subdivision type 2 is a corner condition. Subdivision type 3 refers to a solid 
continuity with two opposing vertices. Subdivision type 4 depicts a solid continuity with a vertex 
condition. Subdivision type 5 shows a single solid continuity with no solids on the opposite side. 
Subdivisions type 6, 7, 8, 9 and 10 refer to the presence of four, three, two opposing, two adjacent and 
a single vertex respectively. These five types of convex subdivision are only defined through vertices. 
Subdivision type 11 can be referred to as a terminating space or a dead end depending on the way it is 
stretched in a plan. Subdivision type 12 may be referred to as a threshold or passage: if the solid sides 
are longer than the open sides we may call it a passage and if the opposite is true we have a threshold. 

3. NINETEENTH-CENTURY MANSIONS OF ESFAHAN, IRAN  
In this paper, a sample of twenty nineteenth-century mansions of Esfahan, Iran is chosen as case studies 
as these houses belong to a common socio-cultural setting and share a morphological expression (Figure 
1-a). In this section, the relation between space and boundary in the traditional houses of Esfahan is 
studied. This is to assess analytically whether there are consistencies at the level of the boundary-space 
relation in the interior spaces of these houses and if so, what meanings are conveyed in this relation. 
This is done using the Boundary-based Convex Break-up and the readings and interpretations that are 
facilitated using this method of space partitioning. The socio-cultural content and the morphological 
expression of the traditional houses of Esfahan are highly pronounced, making a method that can capture 
and culturally interpret the relation between boundary and space in these houses relevant.  

The socio-cultural context of the nineteenth-century mansions of Esfahan is that of a traditional Islamic 
society in which spiritual and religious aspects played a prominent role at all levels. In this context, the 
spiritual belief system is perceived to have an esoteric as well as an exoteric dimension. From these two 
dimensions, it is the esoteric or the gnostic aspect - also called the Way or the Path - that govern 
architecture and other forms of Islamic art (Ardalan & Bakhtiar, 1973, p. 3). The esoteric spiritual 
wayfaring in Islam, is widely considered to consist of three stages. The first stage - called the Divine 
Law - focuses on the wayfarer's conduct and encompasses the exoteric dimension of Islam and is 
considered to relate mainly to the early phases of spiritual advancement. The second and the main stage 
- called the Path in Sufism - consists of the spiritual wayfarer also engaging in practices of a 
psychological kind under the spiritual guidance of a master. The ultimate aim of this stage is to gradually 
prepare the self to witness the Truth. The third stage - also called Divine Reality - consists of a selfless 
witnessing of the truths of the world of spiritual meaning. In the context of Islamic art including 
architecture, "conformity to spiritual principles is essential ..., and forms the basis for originality in such 
an art... ." (Ardalan & Bakhtiar, 1973, p. 10). Traditional Iranian art and architecture is an expression 
of a spiritual quest:  

"The traditional artist, after an initiatory ceremony of an esoteric nature, begins to learn the 
method as well as the spirit of the craft ... . Symbols of esoterism are wedded to the arts and 
crafts so that the artisan is able to achieve "spiritual perfection" by integrating the inner and 
outer aspects of his being through his work." (Ardalan & Bakhtiar, 1973, p. 10) 
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In relation to this context, the existing studies of traditional houses of Esfahan consider different 
functional elements of the houses, the way they are related and the meanings different functional and 
structural elements convey. According to Diba, one of the most important elements in historical houses 
of Esfahan is the courtyard (Figure 5-d-top) symbolising the paradise in Iranian culture (Diba, 2012, p. 
115) (Bakhtiar, 1976, p. 106). Illuminating the roofed spaces of the house, the courtyard also contains 
elements of water and vegetation. Water in the courtyards represent intellect and eternal gnosis while 
the plants represent life and eternity and their fruits are symbolic of truths of the intellect (Diba, 2012, 
p. 123). The courtyard is also an important space of the traditional house socially, facilitating different 
activities. Another element in the traditional houses of Esfahan is the reception hall (Figure 5-d-bottom). 
"The reception hall is one of the most important, most elevated and most beautiful rooms in Iranian 
houses ... " (Diba, 2012, p. 123). Being highly ornamented, it is a space for receiving guests giving a 
general view of the house and the courtyard.  

At the level of the boundary-space relation, the existing morphological studies of the traditional houses 
of Esfahan remain general. As such, they do not demonstrate whether or not the boundary-space relation 
in these houses is tied with spiritual wayfaring that had great currency in the culture they belonged to. 
The reason for this may also be due to the fact that the methods used remain case-dependent and mostly 
consist in categorising examples. According to Santelli (2012, p. 163) for instance, the roofed spaces in 
houses of Esfahan can be divided in two groups (Figure 5-a). First, the spaces around the courtyard that 
share are entire edge with it, and second, the corner spaces. The first group have two characteristics. In 
terms of function, they tend to be more formal, housing functions such as the reception hall, and 
morphologically they enjoy greater geometric order. For instance, they tend to be more symmetrical. 
The function of the second group, the corner spaces on the other hand were more about services such 
as the kitchen, storage and so on. These corner spaces are not as geometrically ordered as the first group. 
This is a useful characterisation of the courtyard houses of Esfahan. However, it does not specify the 
morphological properties of interior space in relation to the boundaries.  

In Houses in Culture and Nature of Iran (2010), Haeri proposes a method for characterising Persian 
courtyard houses. In this method, the position of each of the rooms relating to a particular function is 
studied in relation to that of the courtyard along two axes: the ground axis and the sky axis (Figure 5-c). 
It is shown that each function has a particular position in a two dimensional diagram made by the two 
axes. For instance, the reception hall occupies the first and second layers in both ground and sky axes 
in these houses (Figure 5-c). The method characterises Persian courtyard houses in relation to the function 
of the rooms. However, it does not specifically attend to the boundary properties of spaces. 
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Figure 5 (a) considering a visitor’s path through a typical mansion of Esfahan, (b) correspondence between the properties of the 
stages of a visitor's path in a mansion of Esfahan and the spiritual dimension of its socio-cultural context, (c) the situation of 
different spaces of Persian Houses in a two dimensional diagram of sky and ground axes, source: (Haeri, 2010, p. 97), (d) the 
courtyard and the main reception hall in the Alam's House, Esfahan, source: (Haji-Qassemi, 1998, p. 68), (e) categorisation of 

houses of Esfahan in relation to the architectural composition of the courtyard, source: (Revault, 2012, p. 85), (f) categorisation 
of houses of Esfahan in relation to the spatial expansion of the reception hall, source: (Santelli, 2012, p. 162) 

Traditional houses of Esfahan are also categorised based on  the architectural composition of the 
courtyard (Revault, 2012) (Figure 5-e). There are mansions with one, two or three courtyards. The number 
of courtyards is a means by which these houses are categorised. The houses with two courtyards, the 
main courtyard is devoted to the family living in the house, while the second is dedicated either to guests 
or used by the servants. In houses with three courtyards, the main one is for use by the family, the 
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second for the guests and the third for the servants in the house. Houses of Esfahan are also categorised 
in relation to the way the main reception hall can be spatially expanded (Santelli, 2012) (Figure 5-f). This 
categorisation also simplifies and generalises boundary properties of interior space.  

 

Figure 6 (a) the occurrence of each of the twelve space-types in each of the twenty houses in terms of their area, (b) the 
occurrence of the threshold condition - with the solid sides shorter than the permeable sides and total area less than or equal to 

four square meters -  in the courtyards (CY) and reception hall fronts (RH) in terms of their area, (c) the occurrence of the 
passage condition - with the solid sides longer than the permeable sides - in the courtyards (CY) and reception hall fronts (RH) 
in terms of their area, (d) the occurrence of the neighbouring space-types of each type of convex subdivision in each of the case 

studies 

The study of the boundary-space relation of the houses of Esfahan using the Boundary-based Convex 
Break-up consists of three main analyses. The first analysis considers the occurrence of each of the 
twelve space-types in each of the twenty houses in terms of their area (Figure 6-a). The second analysis 
concerns looking at each convex space-type and finding out of what type the neighbouring convex 
spaces are (Figure 6-d). The third analysis is about considering each convex space and its neighbouring 
spaces and finding out how common these strings are in the whole sample, thus, measuring the most 
and the least frequent strings that take place in the houses. These emerging patterns demonstrate how 
different and how repetitive the local space-type configurations are (Figure 9). 

10



 Proceedings of the 12th Space Syntax Symposium 

 

 

Figure 7 the occurrence of space-type 12, the passage / threshold condition in the case studies. green: courtyard or backyard, 
red: main front, blue: entrance, grey: corner space except entrance 

The bar charts in Figure 6-a demonstrate the occurrence of each of the twelve space-types in each of the 
twenty houses in terms of their area. It is clear that space-type 12, the passage / threshold condition, 
occurs in the whole sample more than any other space-type. This is an expression of the high levels of 
potential movement whether inside a passage space - with the solid sides longer than the permeable 
sides - or from one space to another through a threshold space - with the solid sides shorter than the 
permeable sides. The spiritual wayfaring and the mystic quest that the Sufi-architects engaged in is thus 
spatialised and manifested in the boundary-space relation in spite of the observation that the plans may 
seem static. But this again resonates with the interpretation of the Path as an inner journey.  
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Figure 8 the occurrence of space-type 11, the dead end / terminating space in the case studies. green: courtyard or backyard, 
red: main front, blue: entrance, grey: corner space except entrance 

It is notable that in line with the esoteric nature of spiritual advancement, the traditional houses have no 
exterior expression, except for the entrance. Completely inward-looking, the trip from outside the house 
to the dignitaries' space - "space at the head of reception hall and facing the window, where dignitaries 
are seated" (Haji-Qassemi, 1998, p. 170) - takes three main stages (Figure 5-b). In the first stage, one 
passes through the entrance spaces including the vestibule, but mostly through long meandering paths. 
In the second stage, one enters the courtyard. The courtyard all of a sudden offers great visual integration 
(Figure 10-a,b). But it is also highly observed by the spaces around through openings. It comprises of 
many passages (space-type 12) leading to indirect entrances to the reception halls. After many turns 
(space-type 1) and thresholds (space-type 12) in the third stage, one enters the highly ornamented 
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reception hall and can then occupy the dignitaries' space. The passage condition - with the solid sides 
longer than the permeable sides - takes place more in the courtyards than the reception halls (Figure 6-c), 
while the threshold condition - with the solid sides shorter than the permeable sides and total area less 
than or equal to four square meters - happens more in the formal fronts consisting of the reception hall 
and associated spaces than the courtyards (Figure 6-b). The passage conditions of the courtyard more 
attuned with movement and continuous real time, manifest the early / mid-stages of spiritual wayfaring. 
Also, the fact that these passages are highly observed signify the levels of guidance and supervision that 
is provided for a wayfarer in these stages. While the threshold conditions of the reception hall and 
associated spaces more meaningful in relation to the transition from one stage of inner realisation to the 
next signify the stations of the path and the more latter stages of spiritual quest (Figure 7). There is a 
transition from being observed in the courtyard to being an observer in the reception hall spaces as well. 
This too is more meaningful in relation to the latter stages of the Path. The dignitaries' space in most of 
the cases is a terminating space (space-type 11) fit for stationary behaviour. It offers a high visual 
integration after the courtyard. This highly observing space is not particularly observed and supervised, 
signifying the last stages of spiritual advancement. This space also offers a high isovist drift magnitude 
(Figure 10-c,d), meaning that the position of the observer is very distant to the centre of gravity of the 
related isovist. This observation again has a parallel spiritual interpretation of selfless non-egocentric 
witnessing. The bar charts in Figure 6-a also demonstrate the high occurrence of space-type 11, the dead 
end / terminating space in the houses of Esfahan. It is notable that this space-type occurs rarely in the 
courtyards. However, it occurs frequently in the reception halls and it also takes place in the spaces 
related to the entrance in more than half the cases (Figure 8). There is a main difference however. When 
occurring in the entrance spaces the spaces of terminating type do not have a high visual integration - 
possibly discouraging any rest and stationary behaviour, fit for an early stage wayfarer - while in the 
receptions halls they are highly integrated visually - encouraging long stays.  

Figure 6-d shows of what type the neighbouring convex spaces are for each of the twelve space-types in 
each of the case studies. Each column on this table demonstrates the neighbouring subdivision types of 
each of the twelve space-types, while the rows relate this data to each of the case studies. For instance, 
the top-left bar chart in this figure shows that in the first case study, space-type 1 has mostly neighbours 
of type 12. Looking at the whole column for space-type 1, we see a similar pattern throughout. This 
means that the turning-point condition (space-type 1) mostly occurs next to the passage / threshold 
condition (space-type 12), creating a change of direction in the course of a moving subject encouraged 
by the passage / threshold condition. Looking at Figure 6-d it is possible to see other morphological 
consistencies in terms of the neighbouring space-types of each type of convex space. For instance, 
space-type 9 (two adjacent vertices) has consistently high number of neighbouring spaces of type 5 (a 
single solid continuity). These consistencies show that there is a common morphological expression in 
the relation between space and its boundaries in these houses. In a further observation, Figure 9 
demonstrates the occurrence of the local configuration of each convex space-type considering  its 
neighbouring space-types in the whole sample. For instance, a convex unit labelled with the number 20 
indicates that this space-type together with all its neighbouring space-types occur at least once in each 
of the twenty houses of the sample. The warmer colours in Figure 9  denote the high levels of occurrence 
and thus repetition, while the shades of blue signify the more novel local space-type configurations. The 
darkest blue in this figure, labelled with the number 1 implies that the related configuration takes place 
only in that particular mansion and thus it is specific to that house and completely new in terms of the 
boundary-space relation. In this figure, we see high number of the shades of red and blue in each of the 
houses. The occurrence of the shades of red indicate that we do have a common morphological language 
at the level of the boundary-space relation, while the shades of blue demonstrate that each house has a 
unique spatio-morphological experience to offer. A general comparison between the reception halls and 
the courtyard suggests that the courtyard has more repetitive patterns, while the reception halls generally 
offer a more unique engagement at this local level. This is also in tune with the unique ornamentations 
of the reception halls, portraying the experience of the wayfarer's encounter with a manifestation of the 
Truth.  
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Figure 9 considering the repetitiveness or difference of the strings of space-types consisting of each convex unit and the 
neighbouring convex subdivisions in the whole sample 
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Figure 10 visibility graph analysis of the case studies showing the mean value of points in each of the convex subdivisions 
created by the Boundary-based Partition (a) visual integration in the first case study, (b) visual integration in the whole sample, 

(c) isovist drift magnitude in the first case study, (d) isovist drift magnitude in the whole sample 

4. CONCLUSIONS  
In this paper, we have demonstrated the construction of a method of convex partitioning for orthogonal 
layouts that relates the interior space of a plan to its boundaries through a maximum of only 12 generic 
space-types. The proposed Boundary-based Convex Break-up constructed through modifications to an 
existing method of space partitioning - the Surface Partition - has the advantages of always relating a 
convex subdivision to a boundary definition, giving relevance to the metrics of a layout, potentially 
resulting in a smaller number of convex units, and most importantly, resulting in a limited number of 
dimensionless generic space-types that have distinct perceptual and occupational properties. There are 
two interrelated ways the resulting convex subdivisions can link to broader ways of analysis and 
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interpretation of a layout. Firstly, the 12 generic space-types have intrinsic spatial and morphological 
properties. This characteristic gives them pertinence in relating to socio-cultural aspects of spatial 
cognition. For instance, we have shown in the study of a sample of nineteenth-century mansions of 
Esfahan that space-type 12, the passage / threshold condition, convey particular cultural meanings 
through its high levels of occurrence in these houses. The cultural interpretations however, became more 
specific as they related to the existing socio-cultural analyses including that of looking at the three stage 
movement through the house: entrance, courtyard, reception hall. Secondly, the 12 dimensionless space-
types are outcomes of a discretisation process. As such, these space-types can fruitfully relate to other 
syntactic and graph-theoretic methods of spatial and boundary analysis. For instance, we have shown 
in the study of the sample of nineteenth-century mansions of Esfahan that the convex break-up by the 
Boundary-based Partition can relate to the Visibility Graph Analysis of these houses. We demonstrated 
that relating these two methods can open up layouts to further socio-cultural interpretations. 
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