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ABSTRACT 

The paper first shows, through examples, that ‘structure’ is a problem in space syntax, though not an 

obvious one. It then examines the current syntactic concept of four space types, and suggests that 

through definition and repetition we can derive four structure types. Comparative measures of the 

structure-types are shown, including integration, and two new ones, ‘local choice’ and ‘traversability’. 

The concepts and measures of the types are then taken back to the examples used to define the 

problem, and it is shown they work strongly to both identify and measure aspects of ‘structure’. 

 

 KEYWORDS  

structure types, local choice, traversability, stability, space syntax  

 

 

1. INTRODUCTION 

In their foundational paper for the eleventh Space Syntax Symposium, Teresa Heitor and Miguel 

Serra outlined key theoretical achievements of space syntax, most notably the paradigm change that 

comes with the concept of space as configuration. They set out three current challenges if space 

syntax is to move in the direction of becoming a science, as it aims: 1) putting key relations, for 

example between spatial configuration and movement, on a firm scientific foundation; 2) spreading 

the concept of spatial configuration and its implications for practice more widely among those who 

design and plan our built environment; and 3) embedding space syntax in the data and analytic power 

of geographical information systems. 

The aim of this paper is to complement these challenges by suggesting that there are also theoretical 

challenges which must be faced if we are to progress. One of these theoretical challenges, I will argue, 

focuses on the concept of structure in something like the sense defined by Rene Thom for biological 

systems, namely ‘to explain the stability and reproduction of the global spatio-temporal structure in 

terms of the organisation of the structure itself.  What does he mean by this? And why is it a challenge 

to space syntax? 
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2. A PROBLEM OF STRUCTURE 

On the face of it, structure seems one of the strongest issues in space syntax.  

For example, the spatial analyses of the street networks of cities made possible by space syntax 

generate patterns of numerical values which can clearly be thought of as structures, especially when 

we make them visible by colouring the values (Fig. 1). In some cases we call these spatial patterns by 

names which metaphorically seem to reflect what we see, for example the ‘beady ring’ or the 

‘deformed wheel’. 

 

Fig. 1  A typical structure identified by colouring syntactic values 

 

These ‘structures’ have powerful merits, not the least being that they are generated by the city itself in 

response to the numerical questions we pose to it, and so do not depend on judgments by the 

‘structuralist’ investigator to say what a structure is.  He or she will of course decide what the 

questions are and what mathematical values should be used, but we can say that in syntax while the 

investigator decides the questions, the city decides the answers. 

 

Even more powerfully, these structures can be tested by correlating their patterns of numbers with 

other numbers representing functional patterns such as movement and land uses. The statistical 

relations between structure and function brought to light by these analyses reinforce the scientific 

credibility of these structures. 

 

So what is missing? Let us work by example. The two figures below show ‘structures’ of Tokyo (left) 

and London (right) generated by normalised angular choice at radius n (NACHn), setting the patterns 

of colours for street segments at the standard range of 1.4 or above for red and .8 or less for blue, so 
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the ‘structures’ are based on the same  range of  numerical values. In each case, the white segments 

are those with a value of 1.4 or above (1.4+), values not affected by scale. The two systems are similar 

in size, 250892 street segments for Tokyo, 272642 for London, though London includes unbuilt areas 

close to the M25. 

 

 

 

Fig. 2 The 1.4+ structures of Tokyo (left) and London (right), generated by normalised angular choice 

at radius n (NACHn) 

 

But the pattern of values in Tokyo seems to represents a network of some kind, that of London a tree-

like radial structure focused on its centre. How and why should the same range of values generate 

such manifestly different structures? The structure of Tokyo seems to reflect its strong pattern of sub-

cities, that of London perhaps the strength of its centre. But these must to some degree be influenced 

by structure, so cannot constitute an explanation. 

 

So how can we account for this? One possibility is simply that because Tokyo is more integrated than 

London, it has more segments at 1.4 or above. In fact, it has about twice as many. So below right we 

double the number of segments for the 1.4+ structure of London, and examine the form that emerges. 

London continues to be a tree-like radial structure focused on its centre though more developed. So  

the fundamental structural differences between the two systems remain.  

 

Taking the segment values down from 1.4+ to 1.3+ makes the differences even more powerful, with 

Tokyo showing an even more intensified grid, London an expanded and largely grid-free radial 

structure. As does taking the radius of the measure down to 3 kilometres to show the localised values 

for each segment. The difference between the two systems is more striking than ever.  
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Fig. 3 The 1,4+ structures of Tokyo (left) and London (right) generated by normalised angular choice 

at radius n (NACHn), doubling the number of segments 

 

 

Fig. 4 The structures of Tokyo (left) and London (right) generated by normalised angular choice at 

radius 3km (NACH_3km) 

 

In spite of these differences, we can be confident that in each case the pattern of values for individual 

spaces will relate to local functional variables, such as movement. So we are dealing with systems that 

are functional, as well as spatial. But we have no means of assessing the effect of the strong 

differences in the form of the structure and its functional correlates on, for example, the economic or 

social performance of the city as a whole. We can analyse the city to bring to light ‘structures’. But we 

cannot describe those structures in such a way as to make them comparable, and detect relations to 

global performance. More simply, we have no theory of structure. This is the problem at the urban 

level. 

 

There are two dimensions, evidently inter-related, to this problem, one theoretical, the other numerical. 

The theoretical problem is one of description: how to describe these ‘structures’ in such a way as to 

make clear their relations to each other, and perhaps their relations to a family of possible ‘structures’. 

We could call this family of possible structures, if we can find one. a ‘model’ of urban spatial 
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forms.The numerical problem is to assign continuous or ordinal variables to the  elements of this 

model, so that they can be compared with continuous or ordinal variables representing the 

performance of the system in some way, say, variables representing economic or social functioning, 

and form part of multiple regression analyses seeking to isolate any effect there may be from space on 

these variables.  

 

The same is the case for buildings. Taking the layout of Tate Britain as it used to be below, we can 

identify spatial and visual properties for individual spaces, which taken together seem to add up to a 

‘structure’ of some kind, and we can test these structures, as with cities, by correlating their patterns 

of value with functional factors such as movement, and identifying structure-function relations.  

 

 

Fig. 5 The layout of Tate Britain (left) and its graph representation (right) 

 

For example, the right figure below shows a radius n visual integration analysis of the layout as it was 

in 1996, showing clearly the ‘shallow integration core’ linking the entrance spaces to the deep parts of 

the layout. In spite of the fact that each visitor takes a unique path through the complex, there is a 

strong   correlation between movement in spaces and their values in this visual analysis. 

 

 

Fig. 6 The layout of Tate Britain (left) and its visual integration pattern as it was in 1996 (right) 
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What this does not bring to light is any impact the structure of the spatial layout considered as a graph 

has on functioning, and why people said they enjoyed the explorative informality (as reported in 

visitor studies) of the museum, rather than complaining about getting lost in a more complex and 

differentiated pattern than is usual in a museum or gallery. This also has the additional, emergent 

effect which we have come to call churning: visitors take individual routes in the gallery, but in spite 

of this often re-encounter, and recognise, those they have encountered previously, perhaps on entering 

the gallery, or where the two routes have intersected. Either way, churning and re-encounter must in 

some sense reflect the spatial structure of the gallery.  

 

Neither of these two phenomena is fully understood, and the reason for this is that we have no 

generally accepted syntactic conception of the layout as a structure, that can be compared and 

contrasted to others. So although we can show how the layout is intelligible, and how it functions, we 

do not know how the plan in itself allows a pattern of exploration which is different for each visitor, 

but at the same time reflects its overall structure in some way. This then again is the problem of 

structure. We know how to calculate distributions of spatial factors which seem to define testable 

structures, but we do not know how to describe and compare these structures qua structures, that is as 

graphs, so we can compare the meanings and functional effects of these. 

 

So again, we have a problem with two dimensions: the theoretical problem of comparative description, 

and the functional problem of numerical prediction, particularly for such phenomena as churning and 

re-encounter. In what follows, I will explore the idea that the key reason why we have the problem of 

structure is because we do not have a theory of spatial configuration that is able to deal descriptively 

with either urban space or the space of complex buildings. This must seem a strange proposition, since 

the foundational idea of space syntax, as set out in Chapter 2 of ‘The Social Logic of Space’, is a 

theory of how 8 basic ‘configurations’ of elementary spatial concepts coincide with the range of 

spatial variation we find in the settlements of pre-urban societies. The purpose of this theory was to 

account for these spatial differences.  

 

However, in terms of this model cities are, for the most part, one kind of thing: large numbers of 

buildings, held together by a network of linear spaces – type7 in the ‘Social Logic of Space’ analysis. 

What we lack is a theory able to describe and explain the differences we find in this generic pattern of 

space. Similarly, though with more exceptions, most complex buildings are composed of closed cells 

with shapes adapted for occupation, or movement, or both. We need a theory of configuration able to 

address the variations we find within these generic types. Both must in some sense be graph problems. 

Configurations are systems of relations of some kind, so at some level, and whether its linkages are 

spatial or visual, or whether it elements are points, spaces or lines, a configuration has to  be 

representable – or at least thought of - as a graph. 
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3. THE CONJECTURE 

So where do we begin? In terms of graphs, there is one part of syntactic theory which refers directly 

and precisely to the configurational properties of graphs, by proposing a configurational description of 

individual spaces. I am referring to the concept of space types which describes each space in graph 

terms of how it relates to the system of which it forms a part. My argument is that under proper 

definition and repetition, the space types generate structure types. And this can lead us to both 

theoretical and numerical characterisations of types of structure in buildings and cities.  

 

To remind you, starting from an initial ‘carrier’ space (dark in the image): 

 - a-spaces are dead-ends, and cannot be passed through, so have no through-movement  

 - b-spaces allow through-movement, but only the same way back  

 - c-spaces offer one alternative way back  

 - d-spaces offer more than one alternative way back  

In each case, the graph is the least system for defining the type. These are very simple architectural 

ideas, and every space in a graph representing a spatial layout will be one of these four space-types 

 

 

Fig. 7 The types of space 

 

But the definitions are untidy in the sense that in two cases, a- and c-, all spaces in the definition are 

of the type, while in the other two, b- and d, they are not. The b- definition includes, and depends on 

an a-, while the d- includes two c-s. Is there then a theoretically more basic way of identifying the 

space types? First we may note that by moving the two non-d spaces in the d-definition, so that they 

can be joined by a straight line, all spaces become d-type. 
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Fig. 8 The clarification of the d-space 

 

This is a very interesting graph. First, it is the graph of the tetrahedron – a 3 sided pyramid – projected 

onto the plane, whether the nodes of the graph are the faces of the tetrahedron, or its intersections. The 

tetrahedron is the simplest of the Platonic solids, and a constituent of all of them. It is also a 

fundamental graph in the mathematics of graph theory. A complete graph is one in which every node 

has a direct link to every other node, and a planar graph is one in which no links cross each other. The 

‘tetrahedron’ graph in which all nodes have the d-property is the largest graph which is both complete 

and planar. Noting this, we can then suggest a space-type description of all four forms. d- is made up 

of 4 spaces each with 3 through-movement connections. c- is made up of 3 spaces each with 2 

through-movement connections. b- is made up of 2 spaces each with 1 through-movement connection, 

a- is made up of 1 space with 0 through-movement connections. This is the limit for such graphs if 

planarity is to be conserved 

 

 

 

Fig. 9 The d-space type 
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Fig. 10 The space types 

 

And that, just as: d-spaces form the complete planar graph for 4 spaces; c-spaces form the complete 

planar graph for 3 spaces; b-spaces form the complete planar graph for 2 spaces, in that each is 

connected only to the other; a-spaces form the complete planar graph for 1 space – it is connected 

only to itself. So all our defining graphs are complete as well as planar. All spaces in each case are of 

the right type. Most significantly, the pattern cannot be extended to 5 spaces without sacrificing 

planarity. These are objectively all the possibilities that there are for least complexes defined in this 

way.  

 

In each case, all the spaces are identical. This is less intuitively clear in the case of the d-graph, but it 

can be demonstrated. As we have said, the d-complete graph is also the graph of the tetrahedron,  

projected from 3 dimensions on to 2. A necessary feature of this graph is that embedded in a two-

dimensional carrier space one of the spaces must be inside the graph formed by the other 3. This space 

can be thought of as the one on which the tetrahedron is resting. If we try to move it outside, as shown 

in the series opposite, another space will turn out to be inside, given that we conserve planarity. 

 

. 

Fig. 11  the planarity of d-space type 

 

Taking this process step by step, in the top case, the black node is ‘inside’ the others and the grey 

node one of those outside. Immediately below, we move the black node above the link between the 

grey node and the white node on the left. This creates non-planarity, so we restore planarity by 
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moving the link between the black node and the bottom white node to the right of the grey node. 

Below left, we move the grey node to the left, and, bottom right, we move the black and bottom white 

nodes to the right of the grey node, to allow the link between them to be a straight line. The grey node 

is now ‘inside’, and the black node one of the ‘outside’ nodes.  

 

As has been said, the key argument we are proposing is that by adding new spaces to a space type in 

the same relations, and maintaining planarity, we define emergent spatial configurations we can call 

structure-types. To make this clear, it is convenient to go back to the original definitions of the space 

type starting from a carrier space as in the top line on the right, and add a space to each, as in the 

bottom line. 

 

 

Fig. 12  the emergence of the structure types 

 

We can label these a-, b-, c- and d-structures, and characterise them using the common visual 

analogies in graph theory. Thus: - an a-structure is a STAR;  - a b-structure is a PATH or 

SEQUENCE; - a c-structure is a CYCLE or RING;  -a d-structure is a WHEEL.  
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Fig. 13  The structure types 

 

Each structure-type has thus: - a local rule saying what can happen next – the addition of new 

elements in the relations that define the type, as in the top line; -  a set of emergent characteristic  

global configurations embodying the rule, or structure-types, as in the bottom line. 

 

Can these definitions be justified in more complex forms? For example, trees (graphs, or parts of 

graphs, with no rings, so ‘acyclic’) are made up exclusively of a- and b-structures. By definition, a-

spaces, and so a-structures, reflect the definition of simply being dead ends, so with only one 

connection, wherever they are. But also, in any tree, there will be only one route from any space to 

any other. If you use a series of b’s to go from one space to another – by definition you cannot use a-

spaces as parts of routes - you must use the same series of b’s in reverse order to return to your 

starting point, again reflecting the definition: that in spite of many spaces having many connections, 

there is always only the same way back. 

 

Fig. 15  A tree made of a- and b- structures 

 

Similarly, the non-tree (cyclic) parts of graphs will be made up exclusively of  c- and d-structures, 

including all of one or the other, as in the examples we have shown. The difference between c- and d- 

is fundamental. In the top form shown on the right, in spite of the 4-connected space in the centre, all 

the spaces are  c- , including the central space. This is then a c-structure and this will be reflected in its 
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functionality: there is always just one alternative way back. It also illustrates a principle: there cannot 

be a single d-space: there must be at least two to form a d-structure, as in the bottom form.  

 

 

 Fig. 16 left all nodes are c-. right, 3 are d-.  

 

These examples both show the fundamental difference between the connectivity (or degree) of a space 

and its space type. Connectivity is a purely local concept, whereas space type is a configurational 

concept relating a space to its context, local and non-local.    

 

 

Fig. 17  The distinction between connectivity and configuration   

 

Because each structure is based on a space-type, and there are no others, there is every reason to 

expect that these forms, and the relations that define them, could in some sense constitute basic 

structures in the way we use space to create patterns - to be part of the ‘language’ of space, we might 

say, if it exists. (Fig. 14)  

 

4. COMPARING STRUCTURE TYPES 

To explore and compare these characteristics of the structure types, we need to make them the same 

size. So from now on we will use forms of each structure with 7 nodes. The forms differ in terms of 

integration, one of the most common measures in existing syntactic analysis. The star and the wheel, 

with a total depth from all spaces to all others of 71 and 60 respectively, are relatively integrated 

forms. The path and the cycle, with respective total depths of 112 and 84, are not so.   
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a-structure or STAR      b- structure or PATH

c-structure or CYCLE                         d- structure or WHEEL
 

Fig. 18 The four structures with 7 Nodes 

Another difference between the forms, though this time one not represented in existing syntactic 

analysis, has to do with choice, in the practical sense of step-by-step directional alternatives (rather 

than mathematical ‘betweenness’ or syntactic choice). Intuitively, the star and the wheel seem to 

present ample alternatives, the sequence and the ring few (in the sense that everywhere there is only a 

choice between two directions, one being back to where you have just come from).  This can be 

measured in terms of the sum of alternatives over the number of steps required to go from each space 

to all others by the simplest route. 

 

For example, the central space in the star offers a choice of 6 alternatives for the first step in going 

from all to all. Whichever is taken, the second step offers only one possibility: back to the central 

space. The third step then offers a choice of 5 alternatives. Continuing this process until all the nodes 

are visited, gives a total sum of choice from the central space of: 6+1+5+1+4+1+3+1+2+1+1 = 26 

(11).  The same analysis from an edge space gives the sum: 1+5+1+4+1+3+1+2+1+1 = 20 (10). The 

total choice for the star is then: 26+(6x20) = 146; for (6x10+1x11=71). And the mean is choice over 

steps, so 146/71= 2.06 

 

The same analysis for the path, starting from the centre and going first in one direction then the other 

gives: From the centre: 9 steps; From next to the centre: 8 steps; From next to the end:  7 steps; From 

the end: 6 steps; So total steps 2(21)+9=51; Ch first from each space only (rest is 1); Ch=Steps +7=58, 

so 58/51 = 1.137. For the cycle, only one choice of 2 per space.  

Steps 7x6=42 

choice = 7 per round 

So ch/steps = 49/42 =1.167 

And the wheel centre 

6+3+3+3+3+3+3 = 24 (7) 

And edge 

3+6+3+3+3+3+3 = 24 (7) 
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So total for the wheel: 

7x24 = 168 

168/49 = 3.428 

 

We can call this measure ‘mean local choice’, and note its radically different values for the four 

structures and the consequent functional effects on spatial layout. Closely related to ‘mean local 

choice’ will be a measure we will call ‘traversibility’ which relates to what graph theory describes as 

‘Hamiltonicity’. If a graph has a Hamiltonian cycle, it means there is a path visiting each node exactly 

once, and so neither repeating or omitting nodes, and ending up where you started. 

 

If a graph has this property, traversibiity is given a value of 1, as in the cycle and the wheel, and the 

value diminishes according to the repetitions and omissions in the optimal approximation of 

Hamiltonicity. It should be noted, by the way, that there is no universal method for deciding if this 

property exists in any graph. ‘Traversability’ will be maximal when no revisits are required, and 

minimal when there are a large number. ‘Traversability’ can be measured for a structure- type by 

dividing the total number of steps, including revisits, required to go from each node to all others by 

the minimum possible for that number of nodes, that is, when each step takes you to a new node. 

So .59 for the star, .82 for the sequence, and 1 for the ring and the wheel. In ‘traversability’, the 

proportion of revisits required is what counts: the higher the number, the less ‘traversability’. This is 

discussed further in FOOTNOTE 1.  

 

We now tabulate these properties for all the structure types: 

TABLE 1 tabulates the numerical values 

a-structure STAR

total depth
from  all to all

total
traversability
from all to all 

mean local
choice

71 71  (.59) 2.06

112 51 (.82)                   1.14

84                                    42 (1)                  1.17  

60                                    42 (1)                     3.43

b-structure PATH  

c-structure CYCLE

d-structure WHEEL 

TABLE 1

 

 

TABLE 2 translates the numbers into a verbal summary 
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a-structure

b-structure

c-structure

d-structure 

So: 

the STAR has high integration, low traversability and high local choice

the PATH has low integration, low traversability and low local choice

the CYCKE has low integration, high traversability and low local choice

the WHEEL has high integration, high traversability and high local choice

 

 

TABLE 3 sets out the spatial and movement concepts associated with each structure, theoretically and 

in practice. Each structure then has meaning, not in the sense of natural language, but in the syntactic 

sense of spatializing concepts and so reinforcing their expression. This is best expressed in relation to 

movement. So in spatial terms: 

star

path

cycle

wheel 

the a-structure: 0-directional movement: key 
concept: stasis

the b-structure : 1-directional movement: key 
concept: axis

the c-structure: 2-directional movement: key 
concept: route

the d-structure: multi-directional movement: 
key concept: network

 

TABLE 4 sets out the social concepts associated with each structure, theoretically and in practice.  

star

cycle

wheel 

the a-structure: generates long models 

the b-structure : distances long models

the c-structure: accesses short models

the d-structure: generates short models 

path
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5. THE FOUR STRUCTURE TYPES 

To summarise, the four types are:-  

 - the a-structure, or STAR, which is a dead end, is associated with the spatial concept of stasis, and in 

the absence of movement, creates a field for long model social activity; 

 - the b-structure, or PATH, which allows through movement but with only the same way back, is 

associated with the concept of axis, and distances long model activity; 

 - the c-structure, or CYCLE with one other way back, is associated with the spatial concept of route, 

and accesses, but does not create, short model activity; and 

 - the d-structure, or WHEEL, which has more than one other way back, is associated with the spatial 

concept of network, and creates a field of short model activity.  

 

So how then can this help us understand the cases through which we identified the problem of 

‘structure’? First, we can show that the Tate Britain plan, in contrast to most museum plans which are 

c-structures, is a d-structure, And through this we can explain how it works, including how people 

find their way, and re-encounter each other to create ‘churning’. We first show it’s a d-structure? 

 

Fig. 19  The graph representation of The Tate Britain Plan 

 

In the acyclic structure (c- and d-structure only) of Tate Britain, in contrast to the c-pattern-type that is 

so common in museums, we see everywhere the local application of the d-structure. Practically 

speaking, wherever we find a 3 or more connected space, and identify a route back, we find at least a 

second route back which at some point departs from the first route, but does not from then on interact 

with the first route. This can only be tested by looking at each 3 or more connected node, identifying 

its smallest ring, then finding the second. In some cases, this will be obvious. For example, the least 

ring for  space 21 in the numbered graph on the right, is (21,22,12,13,14,15,54,21) and the second is 

(15,16,17,18,19,20,21); for space 22 we have (22,23,35,22) and (35,36,12,22); Less obviously, for 
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space 30 we have (30,31,32,33,34,53,30) and (34,35,24,29,30). At a larger scale, for space 43 we have 

(47,46,44,43) and (44,45,11,12,36,37,38,39,40,41,42,43,44) for the smallest, space 44, we have 

(44,45,46,44) and (46,47,43,44). The pattern holds for every 3 or more connected space in the acyclic 

system, confirming that this is everywhere a d-pattern, or network structure.  

1
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Fig.20 The numbered rooms of the acyclic Tate Britain Plan 

 

Is this inevitable? Is it necessary that 3-connected spaces in an acylic graph must of their nature 

generate d-structures? The examples of graphs in Fig 16 show this cannot be the case. In the top case, 

the central space is 4-connected, but all the spaces  in the system, including the central space, have 

‘only one other way back’, and so are all c-spaces. In the bottom case, all the 3-or more connected 

spaces are d-. (Fig.16) 

 

What about re-encounters and the ‘churning’ phenomenon? Each re-encounter involves divergence 

and convergence. In contrast to a c-structure, which offers neither, the d-structure, in its nature, offers 

both, for example  1,2,11,12,13,14 and 1,3,6.7.8.14; or 1,2,11, 45,44,43 and 1,2,52,48,47,43; or 

1,51,50,52,46 and 1,2,11,45,46. (Fig.20) Each of these possible sequences will be offered choices 

along the way, but these will generate other choices and so further potential divergences and 

convergences. But where we find the two patterns are the same distance from the origin, the 

probability of re-encounter will be higher.  

 

Suppose that in every space the numbers going into adjacent spaces is simply proportionate to the 

numbers of choices available, less the space each has come from. Let there also be 100 people in, say, 
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space 1. So from space 1, 1/3 (33.33) go to 2, then from 2, 1/3 (11.11) go to 11, then 1/3 (3.70) go to 

12, then 1/3 (1.23) go to 13, then from 13 all (1.23) go to 14. 

Or the sequence from 1,1/3 (33.33) go to 3, then 1/3 (11.11) go to 6, then ½ (5.56) go to 7, all (5.56) 

go to 8, then ½ (2.78) go to 14. This process of divergence and convergence then produces the co-

presence pre-conditions for re-encounter, in terms of both remoteness and proximity,  though without 

specifying of course whether it will occur or not. So the potential for re-encounter is structural, and so 

a calculable probability, even if its occurrence is not. The potential in space 14 involves one or two 

individuals from both movement groups, though more from the first than the second. These low 

numbers reflect the fact that re-encounter is common, but seems sparse.  

 

What about traversabilty, the degree to which it is possible to visit every space in a single sequence, 

without repetition or omission, and ending where you started – that is, the degree to which the system 

approximates Hamiltonicity. As has been said, there is no mathematical technique for establishing 

Hamiltonicity, let alone traversability, but we can experiment, using what we know of the pattern, and 

quantify the results. 

 

A series of experiments, using the visual geometry available from the entrances spaces (1 and 2), and 

imposing a clockwise mental model on the pattern of linearly connected spaces, suggests the that the 

sequence of spaces corresponding to the order of the numbers at least comes close to optimising 

traversability for the system. It omits 3 spaces which are then given ‘out of order’ numbers: 52 with 4 

links, and 53 and 54 with 2 each. Each is maximal in its effect in that if 54 is included, then spaces 16 

– 20 are outside the model, and if 53 is included, then 31 – 33 are outside. 

 

In fact, if the first step in the sequence is 1 to 3 rather than 1 to 2, the end of the route can be 

(50,52,2,1) rather than (50, 51,1) which means the third omitted space can be 51 with 2 connections, 

so all the omitted spaces have 2 connections. So the system of 54 spaces fails to be Hamiltonian by 3 

spaces. This gives a traversability value of 51/54 = .94. All the d-phenomena we have demonstrated – 

the space structure itself, re-encounters, traversability – are either local in the sense that each requires 

only a small proportion of the spaces and links in the system in order to be identified, or do not 

identify structure at the global level. To the right, however, is the sub-graph of only the 3 or more 

connected spaces in the cyclic (c- and d-) system. At the global level, it clearly approximates the 

wheel form, centred on the Sackler Octagon.  

 



 Proceedings of the 12th Space Syntax Symposium 

 

Fig.20 The system of 3 or more connected nodes 

 

As shown by Tzortzi through the diagram of Tate Britain (opposite) in her book ‘Museum Space’, 

there is a global structure underlying the plan. If we take the peripheral sequences, together with the 

central sequences which intersect, and represent each as a node in the graph with appropriate 

connections, we arrive at the d-structure. This can introduce the idea of a structure based on lines 

rather than spaces, as used in syntax to study cities in terms of their street networks.  

 

What then about cities? Going back into the dim and distant syntactic past, the concept of a settlement 

spatially as a deformed wheel, with a hub, spokes and rim as the main structure of public space, and 

more residential areas in the interstices formed by this structure, was identified in the first settlement 

we analysed, Gassin in the south of France. There was at this stage no conception that might in any 

sense represent a fundamental spatial form of some kind. But the pattern was then confirmed in the 

second –and larger – town we analysed, Apt, also in the south of France.  

 

 

Fig.21 The Gassin plan (left) and its axial analysis (right) 
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Fig.22 The Apt plan (left) and its axial analysis (right) 

In both cases, it is clear that the ‘deformed wheel’ is structurally the ‘wheel’, or d-structure, we have 

identified, though now made up of linear spaces forming a radial pattern of routes (c-) converted into 

a wheel (d-) by laterals. In both cases it structures what we would now call the economic ‘foreground’ 

grid, and distinguishing it from the more residential ‘background’ grid. Why? What is this form? It is 

the structure that through its formal properties generates all to all movement, so is natural for the 

foreground grid. The pattern was then confirmed in some (not all) local areas in London - nachn 

 

     

Fig.23 the deformed wheel of Apt (left) and Barnsbury (right) 

 

And at the global scale of many cities. While far from being uniform, the deformed wheel is certainly 

a generic structure in cities, one that could be found at many scales, and in parts of cities as well as 

wholes. Here we propose that the deformed wheel is a fundamental form of the ‘organic’ (lacking 

regular geometry) city, with its characteristic centre, its radials forming routes to and through the 

centre to the edge in different directions, and its laterals linking the radials into a network.  

The question is: to what degree does the 1.4+ structure identify the elements of this pattern.   
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Fig.24 The 1.4+ Structure of Santiago 

So what can this tell us about cities? First, if we analyse a city (here Santiago de Chile) for its 1.4+ 

structure, as we did for Tokyo and  London, we will find that, as with them, it is made up of linear 

elements without rings and network elements made up of rings. If we look the ‘hub’ where the radials 

meet as a localised ring structure or ‘centre’, we see that the northern semicircle, from west to east, is 

made up of linear elements, while in the south we find a structure largely made up of a network of 

rings. The former is largely residential, the latter increasingly micro-economic. Can we then generate 

useful measures from these structures? We can measure the strength and type of the structures in the 

following way. 

 

First, the strength of the structure can be seen as a function of the size in segments of the 1.4+ 

structure in relation to the size in segments of the whole system. This can be expressed as a simple 

proportion, and will be related to the mean NACH value, but is most graphically expressed in terms 

the size of the whole system as a multiple of the size of the 1.4+ structure. On this basis, Santiago has 

a value of 28.89, meaning that its 1.4+ structure holds together nearly 30 times as many segments as it 

has itself. The lower this value, the stronger we can say the structure is, since the system as a whole 

will be closer to the 1.4+ system.  

 

This level of value can be found in many cities, for example Kyoto 30.27, Amsterdam 35.15, Beijing 

31.93, and  London (within the North and South Circular Roads – the system within the M25 which 

we have used till now has too much unbuilt space) 27.53, Tokyo 31.96. American cities, however, 

have systematically lower value, as in Atlanta 14.09, Chicago 18.72, Las Vegas 16.4, Denver 22.56, 

Washington 16.05 – but more remarkably Manhattan 4.5. This suggests that American cities are more 

efficient in terms of accessibility than other cities. 
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In contrast, there are also cities with much higher values, such as Istanbul 101.47, Rio de Janeiro 

68.87, San Paulo 122.29, including the old parts of Middle Eastern cities, such as Shiraz 64.97. These 

numbers measure the strength of 1.4+ structures in their urban context. However, as we have noted, 

every 1.4+ structure in made up of two kinds of segments: those that lie on at least one ring, and those 

that lie on a linear pattern without rings.  

 

The former makes up d-structures, or networks, the latter c-structures, or routes. If we can measure the 

size in segments of these two types of structure, then we can measure the degree to which a city, or 

parts of a city, belongs to one spatial type or the other. 

 

Fig.25 The linear and network systems  of Santiago de Chile 

 

To identify the two components of the 1.4+ system, we identify the linear system, and the rest is the 

network system. First, we find all segments which have a value of 1.4 and above, but only one 

connection in the 1.4+ system. These will be the end points of the lines. Take one of these, imagine it 

eliminated from the system, and given the number 1.  The space that was connected to number 1 is 

now the end point. If it satisfies the conditions for being the end point, imagine it discarded from the 

system and given the number 2. Repeat the process for as long as the same conditions are found in the 

next space. When the next space has more than one connection within the 1.4+ system, eliminate the 

space and give a number, but cease the process. The number we have reached is the length in 

segments of the line. Repeat for all lines and sum their values. This is now the size of the linear 

system. The size of the total 1.4+ system less the size of the linear system is the size of the network 

system. The ratio of the two sub-systems is the kind of system it is. 
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Fig.26 The process of identifying and eliminating a linear element 

 

So we have a series of measures of the spatial layout of any city based on the size in segments of its 

dominant structure, its 1.4+ system, Y and the size in segments of the whole system, X. Within this 

we have M, the size of the linear sub-system of the 1.4+ system, and N, the size of its network 

subsystem. So: Y/X is the  strength of the city structure; M/N or N/M is the degree to which it is a 

type of structure, linear or network; M/Y is the linear scale of the city structure; N/Y is the network 

scale of the city structure. The number of rings, R, over the size of the network sub-system, N, is the 

mean scale of the rings, R/N. The number of lines, L, over the size of the linear system, M, is the 

mean scale of the lines, L/M. These 6 measures index the strength and type of the structures of cities, 

and can then be correlated with its functional characteristics. They can be applied to parts of the urban 

system, as well as the whole. 

 

They are also theoretical indicators in that the distinction between linear routes and networks is also 

the distinction between c-structures and d-structures, and between residence and economic activity, 

with the latter’s need for intense networks and the former’s need for structured co-presence at lesser 

levels.  

 

What then about Tokyo and London? Numerically, Tokyo will be identified as a strongly network 

system, London as a route system, both within the general model of the deformed wheel. We can see 

the central and peripheral line complexes, and both the radial and lateral connections. Tokyo seems 

predominantly a very large d-structure, so theoretically generating movement from all parts to all 
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others. London, in contrast, specifies routes from and to different origins and destinations through the 

city centre. It should then be seen predominantly as a c-structure, organising movement as intersecting 

routes. Does this matter? In my paper What are cities for?, I distinguished between contacts through 

movement generating informational morphogenesis in the economic foreground grid, and social 

stability in the residential background grid. From the economic point of view, the d-structure of the 

Tokyo foreground grid should make it much more powerful, and much stronger at creating sub-

centres than London, but it would be an open question as to how far this could be compensated – or 

more than  – by the strength of the London centre. (Fig. 2)  

 

In fact, Tokyo, as a whole city,  is the leading economic city in the world but in  term  of financial 

activity, London is particularly strong, largely through its historic centre, the ‘City of London’. It is 

striking also that London is said locally to be made up of ‘villages’, in contrast to the local ‘cities’ of 

Tokyo. It is hard not to relate These phenomena with the lack of strong laterals in the case of London, 

and their  strength in the case of Tokyo. In the light of the well established functional differences 

between the  two cities, the spatial differences between them appear remarkable. 

 

6. CONCLUSION: STRUCTURE AND ITS ANALYSIS 

This paper has sought to outline possible meanings for the concept of structure in space syntax. 

Having first shown that structure is a non-trivial problem in syntactic analysis, it examined the formal 

foundations of graph theory, and suggested that four types of structure could be identified, each 

related to one of the ‘space-types’ of existing syntactic theory, and each of which could be  expressed 

as a spatial graph, articulated into a concept of movement and, through this, used to spatialize a 

concept of social activity. 

 

What is remarkable is that the two cyclic concepts, namely the c- and d- structures, and their contrast, 

are sufficient to explain theoretically and to measure spatially and functionally, the structures of both 

the two cities and the museum which we had taken to exemplify the problem of structure in syntax.  

It remains to explain, of course, why those responsible chose to implement the spatial strategies which 

gave rise to the forms, and in particular, the strength of the laterals in the case of Tokyo, and their 

relative weakness, in comparison with the radials in London. One strong possibility is that the 

hypothetical growth rule that has been argued to explain the radials – ‘never block a longer line if you 

can block a shorter one – comes into play between the radials at a certain scale, creating a two-

dimensional network rather than a simply a system of concentric routes. 

 

These are very general statements, of course, both about cities and buildings, and it cannot be claimed 

that in this presentation we have taken anything more than the first steps in the definition of structure, 

or a theory of spatial configuration to describe and interpret it. But we have perhaps presented 

concepts and techniques that allowed us to see the exemplar cases, both cities and buildings, in a new 

way that makes theoretical sense. Perhaps then we have demonstrated concepts and techniques that 

could form part of the descriptive theory we need. We need to reflect that space syntax is, and always 
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has been, a theory of description. The need to extend this in the direction of structure, should now I 

think be one of the key theoretical challenges in the future of space syntax. 

 

FOOTNOTE (1) 

Let us discuss the context of the idea of traversability through examples. If we say a graph has a 

Hamiltonian cycle, it means there is a route visiting each node exactly once and ending up where you 

started. The two graphs on the right have many properties in common: 

 - each is made up of 3 2-connected nodes and 4 3-connected nodes’ 

 - each has a total depth from all nodes to all others of 72 

 - each has 3 rings 

 - the only difference is that in the top case there are 3 rings made up of 4 nodes, while in the bottom 

there are 2 rings of 3 nodes, and one of 5. The top graph has no Hamiltonian cycle, but the bottom 

graph has one. 

 

 

Fig.27  Two graphs, one Hamiltonian (right), the other not (left)   

 

Both have Hamiltonian paths, meaning a path that visits each node once, but relaxing the requirement 

to end up where you started. Here we are interested in a related property: what is the least number of 

revisits the have to be made to visit every node, with or without the requirement to end up where you 

started. For example, to go from any edge node to any other in the star , the central space must be re-

visited. This re-visiting reduces the traversability of the form. Traversability is at its maximum when 

the number of steps from node to adjacent node you have to take to go from all nodes to all others, is 

n+1, where n is the number of nodes, and the +1 is the return to the starting node, if that is a condition. 

So the traversability of the bottom graph is 1, while the top one is 7/8, or .875.  All tree graphs (no 

cycles, and the number of links is one less than the number of nodes) have very weak traversability, in 

that the number of steps required to visit every node and end up where you started is double the 

number of nodes less 1, so 2(n-1) This is why trees are so inefficient in spatial systems, like museums  

where people seek to go to each node. They must go pretty well double the distance. The 

traversability of the Clore section of TB (bottom right in the plan) is .56.  
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