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Abstract. Central to the space syntax method (a technique for morphological analysis of
urban areas) is the concept of integration. Unfortunately, the integration values are not
independent of the size of urban areas. Consequently it is difficult to compare areas of
different size, implying a need for standardisation of integration measures.

In this paper three such standardised integration measures are discussed. The properties
of these measures are simulated for differently sized urban areas, with the assumption of a
spatiai structure with morphological constants. The results of these simulations suggest that a
measure based on a comparison with an ‘axial grid’ has most desirable properties. Comments
regarding the interpretation and use of the chosen standardised integration measure are
provided.

1 Introduction
Space syntax, developed at the Unit for Architectural Studies, University College
London (Hillier, 1988; Hillier and Hanson, 1984; Hiller et al, 1983; 1989a;
1989b; 1990), is a technique that can be used for morphological analysis of .
buildings, architectural plans, urban areas, and urban plans. The aim behind the
technique is to describe different aspects of the relationships between the
morphological structure of man-made environments and social structures or events.

Space syntax has been used in a wide range of research projects. Hillier et al
(1987a) made an analysis of house genotypes. Peponis et al (1990) looked at the
function of the morphological structure of buildings in the way-finding process.
Hanson (1989) described the sociocultural implications of different plans for the
rebuilding of London after the great fire. Miller (1989) used space syntax as a
tool in the process of urban renewal in a Swedish town. Hillier et al (1989b)
attempted to predict spatial patterns of crime in urban areas, and De Holanda
(1989) was concerned with social implications of different ways of structuring city-
form in the Third World. Miils (1989) showed how the spatial structure of townships
acts as a mechanism of control in the apartheid ideology. Last and most
important, the relationship between the morphological structure of urban areas and
(mostly pedestrian) movement patterns has been researched frequently (Hillier,
1988; Hillier and Hanson, 1984; Hillier et al, 1983; 1987b; 1989a; 1990;
Peponis et al, 1989).

The central concept of space syntax is ‘integration’. It is supposed that the
distribution of integration across an urban area correlates with the movement pattern
in that area. Urban areas can be distinguished by, and compared in terms of,

1 This project is financially supported by a grant from the Dutch Organisation for Scientific
Research (NWO/SRO). This paper is an extended version of a paper presented at the twenty
second Annual Conference of the Environmental Design Research Association, 12~15 March
1991, Oaxtepec, Mexico.
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different levels of integration. Integration is used as a measure of quality for urban
areas.

The technique allows one to express integration in numeric values. In common
with many other measures of spatial structure, these values are dependent upon the
size of the urban area. Moreover, the distribution across the area may be biased
due to the effect of the edges. These properties may not be very problematic when
the aim of the research is to examine the relationship between morphology and
movement pattern in a single area. However, if one wishes to test this relationship
across urban areas, as in our study, these biases may constitute a serious methodological
problem. Strictly speaking one is unable to conclude whether variations in
integration values simply reflect size biases or represent real differences between
morphological structures. In our research we try to solve the problem of bias due
to the edges by relating mathematically the values of the integration measure to
other features of the urban area. This can be done only when integration values
do not suffer from size biases.

For these reasons a standardisation of integration measures is needed. The aim
in this project is to develop an integration measure that is independent of the size
of urban areas and to compare the performance of this new measure with that of
existing measures of integration.

For readers less familiar with space syntax, we will first introduce the basic
concepts of this technique (section 2), which will allow readers to understand the
main conclusions of this paper. In section 3 we discuss the different standardised
integration measures. The properties of these measures are simulated for differently
sized urban areas, with the assumption of a spatial structure with morphological
constants (section 4). In the final section of this paper, we discuss the results of
the simulation experiments.

2 Space syntax :
To apply space syntax it is necessary to construct a graphical representation of an
urban area. This is typically done by dividing the total space of the area into
public and nonpublic space. Public space can only be continuous and is called the

Figure 1. Open space, convex map, and axial Figure 2. Graph of an axial map.
map of an urban area.
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open space of the area. This open space is divided in the least set of fattest
convex spaces. By definition no tangent can be drawn on the perimeter of a convex
space that passes through that space at any point.

On the basis of both the open space and the configuration of the convex spaces
the axial map of an area can be drawn. The axial map contains the least set of the
longest straight lines that can be drawn in the open space so that every convex
space is crossed by at least one such line. The number of lines is called L. Figure 1
shows the open space, the convex map, and the axial map of a small neighbourhood
in the city of Eindhoven, The Netherlands.

The axial map can be represented as a graph: the nodes of the graph represent
the lines of the axial map; the links represent the intersections of the lines. The
number of nodes corresponds to the number of lines and is also called L. Figure 2
shows one way to represent the axial map as a graph. The only difference between
the graph and axial map is the different representation of the same features of an
urban area. The axial map resembles the ground plan of an urban area but is not
very convenient for computations. The graph, on the other hand, does not look
like a ground plan at all, but makes computations easy. Whenever we are referring
to the axial map we use ‘number of lines’; referring to the graph we use ‘number
of nodes’.

2.1 The concept of depth

In space syntax, distance always means topological distance and we will refer to it
as ‘depth’ or D. Depth is measured in steps. The depth between two lines that
intersect is 1. In every other case it is the minimum number of lines that must be
crossed to get from one line to the other, plus 1. The sum of the depths of a line
to all the other lines of the axial map is called the total depth or D of that line.
The D values tend to get very large and are not easy to work with. Therefore,
space syntax works with the mean depth or D of lines. The mean depth of a line
is defined as:

_ D
D= —LT_l. (1)

2.2 Integration

When a line of an axial map has a low D or D value the axial map will look
shallow from this point of view; all the other lines are very near. The axial map
will look much deeper from lines with higher +D values. Maps with a low mean
D value will, from most lines, look more shallow than maps with a high mean D
value.

The distinction between deep and shallow is central to space syntax. Urban
areas are described and compared in terms of the depth and shallowness of their
axial maps. The distribution of these properties across the lines of the axial map
is a second ‘way to distinguish urban areas.

It must be understood that integration always means integration towards something.
Axial maps with a low mean D value are integrated towards themselves. Lines
with a low D are integrated towards the other lines of the axial map. The integration
of a line towards all the other lines of the axial map is called global integration
and can be expressed in the D value of the line. The integration of an axial map
towards itself is called the mean global integration of the map and can be expressed
as the mean of D values of the lines of the map.

The values of D and D depend on the number of lines (L) of an axial map.
They increase when L increases. In order to be able to compare axial maps of
different size, standardisation of integration measures is needed.
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3 Standardised integration measures
In 1984 Hillier and Hanson introduced the measure of relative asymmetry (RA) to
express integration. RA compares the deepness of an axial map from a particular
line with the deepness and shallowness it theoretically could have. For any line the
lowest value for tD equals L—1, that is when it intersects with all the other lines
of the axial map. In this case D equals 1 [from equation (1)l The highest value
for 1D occurs when the axial map from a particular line looks like a unilinear
sequence away from that line— every additional line of the map adds one more
level of depth. Thus
L-1

D™ = Zl n. (2)
As the sum of the sequence 1, 2, 3 ... (n—2), (n—1) is known, equation (2) can be
substituted by

max L(L - 1)
D = 2 . (3)
Substitution of equation (3) in equation (1) gives
— L
D o= = 4
5 )

By definition the RA of any line (A) is the ratio of the distance of the D value of
the line to the minimum D value (D™" = 1) and the distance of the maximum D
value (D™ = {L) to the minimum value (see figure 3). Thus

2(D-1)
L-2

The advantage of A over D or D is that it expresses integration as-a number
between 0 and 1, so it is easy to work with. Low numbers indicate high integration
and vice versa.

N\ ,
N _/

Figure 3. Construction of A.

A= (5)

1

3.1 Construction of RRA

A second measure introduced by Hillier and Hanson in their 1984 book is the real
relative asymmetry (RRA), that is A standardised for L. The RRA of a line of an
axial map with L lines is defined as the ratio of A and the RA of a standardised
line of a standardised axial map with L lines. This RA is called D;. The graph
of the standardised axial map looks from the standardised line like a diamond:
there are n nodes at the middle level, 3# nodes at one level above and below the
middle level, 1n nodes at the levels above and below the ;7 level, in nodes at the
levels above and below the 7 level, and so on until there is one node at the deepest
level and one node (the standardised line) at the root of the graph. Figure 4
shows such a ‘diamond root’ with twenty-two nodes.
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Kriiger (1989) argues that the distribution of the nodes across the levels is
approximately normal. He shows that D; can be estimated by

. L+2
DL=2[L[logz(T)—1]+1]/(L—1)(L—2). (6)
The real relative asymmetry of a line is defined as A:
A
A =
o (7)

Values of AP are larger than 0, low values indicate strong integration, high values
show weak integration.

Figure ‘4. Diamond root graph.

3.2 Construction of A’
Kriiger (1989) suggests a second way of standardising RA values. This measure is
also called real relative asymmetry, but we will refer to it as ‘4°°.

Kriiger defines the A% of a line of an axial map with L lines as the ratio of A
and the RA of a standardised line of a standardised axial map with L lines. This
RA is called G,. The graph of the standardised axial map looks from the
standardised line like a grid: there are n nodes at the middle level, n —1 nodes at
one level above and below the middle level, n —2 nodes at the levels above and
below the n—1 level, »—3 nodes at the levels above and below the n—2 level,
and so on until there is one node at the deepest level and one node (the standardised
line) at the root of the graph. Figure 5 shows such a ‘corner-of-a-grid’ graph with
sixteen nodes.

Kriiger stipulates that. the distribution of the nodes across the levels is
approximately normal. He shows that G, can be estimated by:

L) *-2L+1

G, =2 8
‘ (L=-1)(L-2) i
The A® of Kriiger is defined as:
A
AC = = 9
G (9)

The values of A® are larger than 0, low values indicate strong integration, high
values show weak integration.
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Figure 5. Corner-of-a-grid graph.

3.3 Construction of T

Both AP and A® are based on A. However, A does not give any more information

than D or D do; namely the distribution of integration across the axial map. We

constructed a standardised measure based directly on D. We call this measure the

integration score (or I).

The integration score is based on the comparison of the D of a line of an axial
map with L lines with the mean D of a standardised axial map with L lines.

This standardised axial map is a so-called ‘axial grid’: the graph of the axial map

is a complete bipartite graph. Figure 6 shows an axial grid with eleven lines and

its (bipartite) graph.

The properties of a complete bipartite graph are independent of the number of
nodes in the graph. For that reason it is called a graph with morphological constants.
The properties are as follows.

(a) The number of nodes can be any positive integer larger than 1.

(b) When the number of nodes is even, the nodes are divided in two equally sized
subsets. Every node in each subset has ;L links.

(c) When there are an odd number of nodes, the nodes are divided in two
subsets. The first subset contains 3(L—1) nodes, each node in the subset
having 7(L~1)+1 links. The second subset contains (L —1)+1 nodes, each
node in the subset having (L —1) links.

(d) Nodes do not have links with nodes that are in the same subset.

We choose the axial grid for the following reasons:

(a) An axial grid is a structure with morphological constants.

(b) An axial grid is, independent of L, very integrated. There can be no D values
between lines larger than 2. In fact, for every line of an axial grid D < 1.5.

{c) It is almost impossible to imagine real-life axial maps that will be more integrated
than the axial grid. In fact, one can consider an axial grid as a real-life integration
maximum.

(d) It would be very difficult to compare any axial map with the theoretical integration
maximum. This would be the case when every line of the map intersects with every
other line. In this situation there are only two known points: (L—1) and D.
We want to compare two distances (as is the case in the construction of A,
compare with figure 3) and this demands at least three points.

(e) Computations based on an axial grid are simple.

The integration score of a line of an axial map with L lines is defined as the ratio
of the distance of the mean D of an axial grid of L lines to L—1 (L—1 = the lowest
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D value possible for that number of lines) and the distance of D to L—1 (see
figure 7).

As the mean D of an axial grid with an even number of lines equals the D of
any line of the grid, it can be easily calculated. There are ;L nodes in every
subset of the graph. Every node has a depth of 1 to the nodes in the subset to
which it does not belong (equal to 3L nodes). It has a depth of 2 to the nodes in
the subset it belongs to (equal to 3L —1; nodes do not have depth to themselves).
Thus, for an axial grid with an even number of lines,

3L-4
Dmean = i 1

T — (10)

The situation for an axial grid with an uneven number of lines is somewhat
different. A node in the subset 3(L—1) has a depth of 1 to the nodes in the
subset 3(L—1)+1 and a depth of 2 to the 3(L—1)—1 nodes of the subset it
belongs to. Thus

3L-5

D = T (11)

A node in the subset (L —1)+1 has a depth of 1 to the node in the subset
"3(L—1), and a depth of 2 to the 3(L—1) nodes of the subset it belongs to. Thus

3L-3

D= 2

Combining equations (11) and (12) leads to the mean D; of an axial grid with
an odd number of lines:

LBL-4)+1
2L

(13)

TD mean —

Figure 6. Axial grid with its bipartite graph.

mean D
L~-1 axial grid ; D
L ' J

Figure 7. Construction of I.
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Mean AP, A®, and I values were computed for graphs with 3 < L < 703 (703 being
the maximum number of nodes our computer could handle for this type of graph).

4.1 Results of the simulation experiments

The results of the computations are shown in figure 10. The diagrams clearly

show that mean AP values increase when L increases, except for the complete

bipartite graph, in which case they decrease when L increases. The conclusion
must be that mean AP values are in all cases highly dependent on L.

Mean A° values decrease when L increases in the case of the axial grid, they
increase with increasing L for maximal deep axial maps. In these cases the mean
AS values are highly dependent on L. This is not so for axial maps with a regular
or triangular node grid graph: mean A® values then seem to be independent of L.

In all four cases mean / values are independent of L.

5 Summary

The goal of this paper was to decide what kind of standardisation of the integration
measure would make its values independent of the number of lines of the axial
map of an urban area. There were two reasons why this is important. Independence
makes it possible to compare urban areas of different size, and it makes computations
based on the integration measure reliable in the sense that its values are less
influenced by operational decisions regarding the construction of the axial map and
especially the delimitation of the study area.

Our simulations do not prove that for all axial maps mean / values are less
dependent of the number of lines than mean AP or mean A® values. But it is clear
that even for more extreme axial maps with morphological constants (unilinear
sequence and complete bipartite graph) the mean values of I are stable. For axial
maps with regular or triangular grid node graphs the stability of mean A values is
satisfying. However, this measure cannot cope with the more extreme axial maps.

These simulations do not indicate the stability of individual / values. However,
the stability of individual I values is of only minor importance. The mean I values
allow the comparison of urban areas of different size. In any given urban area the
distribution of I values corresponds perfectly with the distribution of integration.
As the range of individual I values in all four simulation experiments is very small
(less than 0.6), and is in fact much smaller than for AP (greater than 45) or A°
(greater than 10), I values can be considered to be a reliable basis for computations.

Equation (14) is meaningless for L < 2 and for +D < L. This means that an
average I cannot be calculated for an axial map containing a line with ;D < L.
Although this is very unlikely to happen in any urban area, one can imagine an
architectural situation that satisfies this condition. Therefore, it is advisable to
use the integration score primarily for urban plans or very large buildings. The
distribution of integration can of course still be calculated by using D values, if
an average [ cannot be calculated.
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