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Abstract

The network objective of structuring space integration addresses the topologic and geometric dimensions to be framed
out in a holistic method. In this sense, the spatial network of the multidisciplinary Voronoi convex hull encapsulates the
varied integral properties with their correlative exploration. In practice, the conservation network of the roundabout Cairo
investigates its integral structure against decomposition. The resultant structural essence defines the individual topological
versus plural geometric roles at global integration per generator. The integrated topology cross-correlates control syntax
with degree centrality in the local context, whereas the global structure of asymmetry complements the betweenness dynamics
of generator distributiveness. Meanwhile, the geometrical network of the gabriel-graph forms cyclic spaces of global
integrity and is correlated with Voronoi nodes at equidistant meeting points per cycle. Overlaid Voronoi properties classify
the layout into clustered generators of correlated interval integrity, with functional cognition to infinity. An overview of the
Voronoi network adopts intangible space integration along with its comprehensive framework of interrelated algorithms in

the virtual reality of urbanism.
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1. Introduction

The Napoleonic Expedition in Egypt in 1798 regenerated the
Mediterranean culture of major transforms. One facet of cultural
influence is occidental urbanism carried along imperial routes,
sailing through the Suez shortcut. The universal city plan of the
Haussmannization trend had first dazzled Cairo at the ceremonial
time of inaugurating Suez in 1869 with worldwide monarchies
invited. In this respect, the royalty requested the French engineer
Haussmann in 1867 to design the Haussmannization of Cairo on
his Parisian precedence of radial boulevards joining roundabouts
at the Nile waterfront. The realized plan composed 15-roundabouts
of superimposed boulevards overlapping with the pre-existing
native town (Figs. 1 & 2). The building stock of neoclassical styles
used to function for commercial, residential, administrative, and
cultural activities to accommodate the mixed foreign community
of continual increase. Over decades, Haussmann’s foundation
plan of Cairo had influenced the latter expansions up to total
153-roundabouts of radial boulevards towards satellite suburbs,
with the core roundabouts defining Downtown Cairo and

continuing to the present. However, the change after WW-II of
socio-economic and cultural shifts has affected the roundabout-
stock of vehicular priority [1].

The Researchers of modern Egyptian history refer to the massive
twenty-volume document in 1889 entitled 'Khetat' or 'Plans,’
which included the development of Haussmannized Cairo [2].
Nevertheless, the earlier Napoleonic Encyclopedia of 'Description
De L'Egypte’ stimulated the European modernization of Egypt
[3]. Another distinctive archive in 1905 represents the ‘Insurance
Plan’ of downtown Cairo and Alexandria, with full details on
functional and ownership mapping [4]. The three documentaries
portray Egypt in an unparalleled survey to enrich any library
using extensive material on the status quo of modern Egypt with
Haussmann’s Cairo plan on top. Nevertheless, recent documents by
M. Scharabi [5] and M. Volait [6] document the cultural values of
special architecture in Downtown Cairo for conservation. In 2002,
the Egyptian urban planning authority collaborated with Cairo
University on the project of conserving Downtown Cairo, which
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detailed the special merits of the area for visual enhancement [7].
Meanwhile, Haussmann’s core 'Tahrir' roundabout had pinpointed
the waves of national revolts until recent to become the symbolic
memorial of future Egypt. Concurrent Conservation Act extends to
the commemoration of Downtown Cairo for the universal identity
of a democratic space [8]. This study continues to recognize the
urban heritage of Downtown Cairo from the intangible scope of
space structure and beyond tangible aspects [9]. In this regard, the
cross-cultural foundation of roundabout geometry in Cairo crosses
the visual borders into the invisible cognitive dimensions of virtual
reality. In methodology, the virtual dimensions approach different
but interrelated spatial structures of space syntax, shape grammar,
GIScience, and Voronoi diagrams, which together funnel into the
realm of artificial intelligence. The holistic convex space of the
Voronoi diagram of algorithmic and mathematical dimensions
was taken as the fundamental unit in methodological adaptation.
The Voronoi convex hull of roundabout Cairo was processed and
investigated according to the topological and geometric dimensions
of 1) asymmetry and control, 2) Voronoi moments, and 3) Voronoi
function, with their computational tools of programmable
properties. The cross-correlation of Voronoi properties determines
the cognitive structure of Cairo’s roundabout network within a
digital scope.

2. Methods

The rapid advancement of futurist GIScience has shifted human
interaction from geographic location to cyberspace of topologic
artificial intelligence and visual analytics [10]. The process of
cyberspace includes spatiotemporal properties to embed in digital
space, and thus the human interconnections in real geographical
space and not only virtual reality [e.g., 11, 12, 13, 14]. The
added visualization and sensing of cyberspace contribute to
state-of-the-art GIScience dynamics such as meeting, shopping,
trafficking, infrastructural, and pandemic monitoring along with
multilayered digital datasets of smart and sustainable cities with
their governance [15]. In the earlier practice of GIScience, the
automation of space subdivision with database attribution and
geometric modelling conceives the real world, in addition to the
perceptual dimensions of humanities [e.g., 16, 17, 18]. The current
practice extends the neural cognition of human-like robots in
liveable geographic contexts that merge virtual reality with reality
in cyberspace [e.g., 19, 20, 21, 22, 23]. In parallel, the artificial
intelligence of computing architectural space flips the process
from topologic space configuration to realizing geometrical forms
of shape grammar [e.g., 24, 25, 26, 27, 28, 29]. Space syntax,
in theory, is geometry-free according to the topological nature of
social interactions in space in a logical layout [30]. The topology
of a social network extends the syntax to the space isovist and
configuration in a more shape-grammar approach on the rise [e.g.,
31,32,33,34,35,36] and GIScience as well [e.g.,37, 38]. In another
computation, the non-visual Voronoi space of explicit tesselation
defines a wider scope of implicit space that is interdisciplinary
in nature, with extended applications of geometric and topologic
objectives in common [39].

In mathematical terms, the digital space satisfies the geometric
property of convexity for optimization and containment modeling
[40]. Complex polyhedral geometry advances a new approach
of full convexity in multidimensional space to resolve issues of
connectedness [41]. The concept of ‘convex space’ structures
the operational setting where informatics can be processed and
linked to each other at different levels of resolution. The system
of a ‘convex hull’ creates cellular extensions in space operators for
undertaking digital interactions [e.g., 42, 43]. Diversity of space
operators, nevertheless, structures the digital space according to
the type of ‘convex hull’ for needed occupancy grid to overlay
spatial data of geometric or topologic cognitive structure with
their interrelationships [e.g., 44, 45]. In this regard, matching the
type of convex hull with the applied dataset is the core issue in
processing digital cognitive structures. In practice, shape grammar
methodology is used to adopt a simple square box as the basic unit
of spatial convexity [e.g., 46, 47, 48]. Later, the convex polyhedral
was modeled as a bounding volume to process shape formation
in a multidimensional space [e.g., 49, 50]. Recent developments
have generated statistical rules for shape processing to overcome
the descriptive design language of basic units with an imposed
sequence of formal operations [51]. Meanwhile, the space
syntax method adopts the convex space in a different manner of
constructing contiguous space extensions in planar coordinates to
form closed individual units of the largest possible convex spaces
[30, p.97]. However, rules are applied in parallel to generate a
spatial system according to the relationship between individual
cells. Nevertheless, in GIScience, the convex space is applied in
the wider mathematical scope of the smallest envelope for a set of
points in the vector space [52]. The process of the Voronoi space is
a representation of the convex hull in GIScience, where each point
defines its convex boundaries relative to the others. Meanwhile,
Voronoi individuality is another representation of the convex hull
in space syntax, where each Voronoi point becomes the atom of
convex space syntax [53]. Moreover, polyhedral representation as
a Voronoi unit is another extension of shape grammar to create
forms upon further descriptive or statistical ruling. In this regard,
the standalone Voronoi space possesses a flexible interface
to fit other concepts of spatial convexity in the digital scope.
Investigating the virtual convex hull of the Voronoi space assumes
fundamentality to other space structure methodologies with their
associated geometric and topological cognition (Fig. 3).

3. Results

3.1. Voronoi Space

The two-way process of the Voronoi diagram tessellates the
Euclidean plane into convex spaces of predefined generator
points or locates the generator points from a predefined convex
hull. The convex boundary line bisects the imaginary direct line
joining each pair of generators if adjacent. Complete Voronoi
edges shape the polygonal convex hull of first-order tesselation
with the outer cells open to infinity. Applying the spatial process
of Voronoi geometry to Haussmann’s Cairo represents each of
the total-15 roundabouts as a generator-point defining polygonal
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premises (Figs. 4 & 5). The representation of a few generators
may adopt the computer-aided design of CAD or GIS, whereas a
larger generative system becomes more complicated and requires
computational programming such as Wolfram [54]. In Wolfram’s
Mathematica program, Voronoi tesselation is simply obtained for
any set of point processes in space as; DensityPlot[First[nf] {x,
v, {x, -5, 5}, {y, -5, 5}, PlotPoints -> 100] [55]. The content
of each convex polygon belongs to the generator roundabout at
its geometric center. The resulting Voronoi convex hull enables
a cross-comparative analysis among the planned generators in
an extended scope of spatial measurements along topologic and
geometric dimensions. The local control and global integral
measures of topologic space syntax represent the basic statistical
tools used to define the spatial structure in various convex maps.
Meanwhile, each of the nonempty Voronoi polygons enriches the
cognitive structure with informatics on function and urban tissues
in relation to each other. The geometric Voronoi diagram adds
further insights into moments such as distancing defined by the
virtual fiber process of the Voronoi network. Cross-correlation
of qualitative and quantitative Voronoi analyses recognizes the
spatial structure of the roundabout Cairo in digital media.

The local measure of spatial control counts the ratio of adjacency
of each Voronoi polygon in relation to its neighboring ones,
where the higher the value, the more control the generator has
over the surroundings (Table 1). The calculated control depends
on the number of polygonal edges to exchange a portion of the
total controlling amount over the vicinity in mutual but varying
ratios with adjacent polygons [30, p.109]. The total value sums
up the fractions received from adjacent generators, and thus, the
control level of the polygonal generator. In common practice, the
generator of control value above 'one' indicates a high level of
spatial control. The measured control exhibited higher values of
the inner polygons and decreased towards the boundary convex
hull of the roundabout Cairo (Fig. 6). One distinctive exception is
generator-12, which has the highest control at the boundary and
among all others of the layout. Nevertheless, the classified control
values exhibit three clusters of above-one, average-one, and
below-one measures. The cluster above-one comprises generators
12,9, 4, 15, and 6 in the control sequence. Although in a dispersed
pattern, they form a continuous structure that spreads from one
point adjacent to the other. Specific generator-4 demonstrates
the core controller of the top-controlling generators in maximal
attachment outwards. The cluster of average one corresponds
to generators 10, 8, 14, 2, and 1 in the control order. Average
control continues to occupy the inner polygons of the extended
adjacency to the top-tier generators. The distribution forms an
average buffer zone between the top and least control polygons
during the transition. Nevertheless, the discrete pattern splits the
average control into a continuous zone towards the Nile against
the separated polygons inward. However, total discreteness forms
a scattered pattern of the below-one control of the largest open
polygons and the smallest enclosed cells. Therefore, the context
of relative control measurement indicates a gradual shift from the

highest to moderate zoning at the core convex hull with isolated
open control.

Spatial integration extends the classified Voronoi convex hull into
high, upper-medium, lower-medium and low integrity polygonal
clusters (Fig. 7). The relative asymmetry (RA) measure of each
Voronoi cell considers the depth of stepping adjacency to all other
cells of the convex hull, with the lower RA value denoting a more
integral space structure of the global layout system [30, p.108].
The top integration observes the innermost generators 4 & 9,
which are also among the top controlling cluster in correlation.
Meanwhile, the least layout integrity of generators 11, 13 & 7
coincides with the least control in another correlation as well.
All inner bound polygons, nevertheless, are free from the least
layout integrity of an inverse relationship to the least control
pockets found. The moderate integration, however, forms two
clusters of more integral generators towards the Nile edge and
decreases at the opposite cluster of the convex hull. An overview
of the layout integral structure forms concentric zones of optimum
central integrity and lessens at outer rings. Further relationship
observes generator-12 of upper-medium integrity without losing
much credibility of being on top control. In another, generators 6
& 15 of lower-medium integrity have more contrast to their top-
tier control. Similarly, generator-3 elevates from the least control
cluster to upper-medium integration. Overlay of the local control
context on the global layout integration is stable at top and bottom
clustering of the convex hull, whereas the wider variation occurs
at the moderate measurement of spatial structure. Also, the clusters
of integral structure are more zoned up versus the scattered control
pattern.

3.2. Voronoi Moments

The random point process of the roundabouts in the Euclidiean
plane exerts various network moments of topological and
geometric parameters such as centrality, Gabriel circle, and shape
measurements of Voronoi analysis. The betweenness measure of
centrality traces the network’s geodesic shortest paths with the in-
between encounters of each generator at the universal adjacency
level of Voronoi polygons (Figs. 8-10 & Table 2). The more
betweenness scored, the higher is the control or the cutting effect (or
the critical integrity) of the generator’s encounters over the global
system. The resulted betweenness of Voronoi Cairo identifies
generator-9 in top centrality of global shortest paths. Oppositely,
generator-13 represents the least shortcut of ‘zero’ betweenness
choice. The range, nevertheless, spans along four consecutive
intervals of betweenness clusters. The top-tier is limited to
generators 9 & 12 of wide variance from the following medium-
high cluster. Despite its boundary setting, generator-12 boosts the
betweenness apart from generator-9 to spread bipolar network of
increased width of the convex hull structure. The medium-high
interval spreads over polygons 4, 15 & 6 in sequence. The top-
tier with generator-4 in between determines the critical zone of
the global system to integrate. Meanwhile, generator-15 of direct
adjacency to generator-9 revitalizes the  peripheral  convex
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hull, whereas generator-6 adjacent to generator-4 maintains the
same betweenness effect in a lesser tone though. Therefore, the two
higher clusters of betweenness centrality decentralize the network
integrity in maximum variety of innermost so as outermost choice
along the Voronoi convex hull. Further medium-low of extended
cluster forms a buffer zone between the highest and the remaining
lowest betweenness. The latter exhibits a scattered pattern to
diminish the effect of its low centrality on the overall betweenness
scheme. The global context of clustered betweenness centrality
coincides in total cross-correlation with the local context of spatial
control towards cognitive structural blend.

Closeness centrality measures the depth efficiency of nodal
connectivity at the global layout resolution. Generator-9 sustains
on top and is followed by generator-4 in swap with the higher
betweenness of generator-12, in addition to generator-2 of new
entry to the highest clustering interval. In this regard, the closeness
of generators 4 & 2 at efficient adjacency to the distinctive
generator-9 gained more potential of layout centrality. The same
two generators are adjacent to the other influential generator-12
in more efficiency, especially that of generator-4 surpassing
the closeness centrality of generator-12 itself. The medium-
high generators 10, 8 & 3 form a cluster adjacent to the top-tier
closeness. Equal closeness of generators 3 & 8 differs in structure
where the former is totally surrounded by the top-tier polygons
compared to the latter of only generator-9 adjacency but more
polygonal adjacencies in compensation. Meanwhile, the higher
rank of generator-10 has equal adjacencies as of generator-8
with two instead of one top-tier connectivity of more privileged
efficiency. Nevertheless, obscured judgment only by the degree
of adjacency needs to expand the resolution of connectivity for
justifying either idle or active closeness efficiency in propagation.
Further cluster of medium-low closeness may clarify the matter
where all generators are found sharing the same score. Three of
them cluster around generator-8 of more justified efficiency, in
addition to generator-10 adding one moderate-rank closeness
(generator-15) to the previous highest ones. Therefore, the
bigger picture resolution justifies the network of higher closeness
centrality by virtue of spreading adjacencies and not only powerful
direct connectivity as generator-3 proves. The cluster of the least
closeness reaffirms the constant dissipation of generators 7, 11 &
13 of scattered pattern at the peripheral convex hull. Overview of
clustered intervals disseminates their pattern in propagative rings
from the core convex hull outwards. Meanwhile, the resulted
closeness centrality pattern totally projects on the other pattern of
spatial integration in complete cross-correlative phenomenon.

Degree centrality measures the polygonal extent of connectivity
at the local context in standardized comparison to the global
context of the convex hull. The interval clustering continues the
same polygonal network structure with the same range from the
top generator-9 to the bottom generator-13. The medium interval,
however, floats in the widest exchange of structure to form the
medium-high generators 15, 10, 8, 6 & 2 with the extended
medium-low generators 14, 5, 3 & 1 of degree sequence. Here

generator-15 regains its higher rank in degree as in betweenness
but dropped in closeness, whereas generator-3 swaps the float in
reverse. The narrow variance within clusters, nevertheless, limits
the swapping impact on the global structure of stable centrality
dimensions. Meanwhile, the degree centrality in particular extends
to another crucial property of Gabriel-circle investigation. A
circle is Gabriel if its diameter connecting the adjacent generators
contains no other generator [39, p.97]. This property is verified for
each of the generator’s adjacencies, where it ends up synonymous
with the Pitteway graph structure (Fig. 11). Exclusive relationships
of adjacent generators maximize their proximity of cognitive
structure on the global context. The resulted graph from the Gabriel
circle property is highly cyclic where each generator shares a loop
or more except generators 13 & 15 of only tail structure. The
contraction of single-vertex tail sustains the global structure along
complete cyclic space. Looping structure endorses the layout
integrity from single Gabriel proximity into larger groups in a
circle. In this regard, the global layout satisfies one large Gabriel
cycle composed of smaller embedded ones at different levels of
resolution. The largest ring encompasses the boundary convex hull
along generators 14, 12, 1, 11, 10, 9, 8, 7, 6, 5, 4 and back to the
start point. Minor cycles spread all over the convex hull with the
possibility of merging at any resolution. The largest minor cycle
composes generators 14, 12, 2, 3, & 4 in a large mix of previously
clustered centrality. Specific generator-2 shares four-cycles at one
point of layout maximal joint in correlation to its top-tier closeness
centrality.

Moments of Voronoi fiber-process concerns the geometrical shaping
of each polygon in terms of edge lengths, angles, area, perimeter,
in addition to the property of triple-equidistance from adjacent
generators to their shared Voronoi vertex (Fig. 12). The equidistance
spot implies the imaginary ‘meeting-point’ of polygonal conjunction
at the virtual space structure. Some Voronoi generators have shorter
equidistance of stronger relationship than others, which transmutes
the topologic measure of integration into a geometric moment.
Setting the intervals of equidistance integrity classifies the mutual
clusters of nearest, average, and farthest catchment area. Sets of
nearest equidistance compose generators 5, 8, 9 & 6 among each
other at one cluster versus generators 1, 2, 10 & 11 at the opposite
discrete cluster. Farthest equidistance, nevertheless, of a kilometer
relationship forms a southern cluster of generators 12, 13 & 14
and another discrete set of 10, 11 & 15 generators northwards.
The moderate cluster has nearer links of generators 3, 9, 7, 6,
8,4,5,2 & 10 and farther 12, 1, 2, 3, 15, 7, 8, 4 & 9 in cross-
relationships among each other and among the extreme clusters as
well. In this regard, each generator deploys integral equidistance
at various classes of clustered adjacencies simultaneously. For
example, generator-10 integrates equidistantly at nearest (I,
10, 11), moderate (2, 9, 10), and farthest (10, 11, 15) classes of
diverse global clusters. The wide interval of moderate equidistance
spreads all- around the layout in overlap with the extreme range
of clusters, thus the versatile geometry of global integration.
Meanwhile, the equidistance property set-in-train other geometrical
moments of sorted out perimeter lengths, angling, and area
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of Voronoi polygons in respective clusters. Overview of geometric
equidistant integrity exceeds the cross-correlation of singular
topologic role per generator by plural adjustments of global-wide
clustering in network overlap.

3.3. Voronoi Function

Overlay of Voronoi convex hull on the historical plan of Cairo
explores the function of virtual subdivision per polygon in details.
The convex hull forms two functional zones of old and new Cairo in
overlap at the border cells 12, 4 & 9 of effective control and integral
space structure as measured. Key cells articulate ‘Ezbekieh plaza,
Nile promenade, Cairo Station, Cairo Citadel, Abdin palace, and
Hippodrome’ which correspond to polygons ‘6-7-8, 1-12-11, 15, 13,
3-4, 9’ respectively. At the old Cairo zone, polygon-6 superimposes
two commercial thoroughfares towards ‘Azhar & Citadel’ landmarks.
Meanwhile, plolygon-7, projects another commercial spine up to
Cairo Station with the ‘Choubra’ garden-city suburbs beyond. In
this regard, least integral generators 13, 14 & 15 retreat direct links
over the irregular pattern to integratelandmarks on the global city
resolution with commercial synchronicity down to ‘Ezbekieh’ hub.
The gardened hub itself extends new business offices, dwellings,
and retails of new ‘Okelle’ building type of eclectic galleria-wekala
traditions next to new landmarks such as foreign consulates and
commune complexes, hotels, theaters, administrative facilities, in
addition to the royal opera at generator-8 of exclusive drop-off.
Nevertheless, new Cairo at the Nile frontier of gardened polygons
developed royal palaces and prestigious housing of unbound
polygons to infinity. Projecting the unbound edges over the Nile set
generator-1 of ‘Tahrir’ to contain the Pyramids plateau with realized
access along the Nile Bridge crossing to the Pyramids thoroughfare
aided by tramline at Giza suburbs, thus the city assemblage in
Voronoi network (Figs. 13-15). Overview of functional Voronoi
polygons conform the virtual image of roundabout Cairo to be real
districts, nodes, landmarks, paths, and edges at the global resolution
of cognitive structure [56].

4. Discussion

Discussion of Voronoi’s extended scope adds a new cognitive layer
of intangible convex hull to the tangible aspects of space design,
where geometric and topologic properties become virtually enabled.
Parametric connectivity and distancing criteria of generated Voronoi
polygons relate to each other at local and global contexts of layout
structure. The spatial measurements aided by computing tools
recognize the integral structure at different levels of resolution
with overlay on the image of functional space. As for the case of
Cairo, there is a geodesic evidence of Voronoi relationship that
combines asymmetry and control of space syntax with the centrality
structure of betweenness and closeness, though of different
topology measures. Meanwhile, the standardized degree centrality
allows the swap of ranking spaces per cluster without altering
the global geodesic structure. The geometric space, nevertheless,
restructures the global degree centrality into the Gabriel algorithm
of paired adjacencies in circles of exclusive relationship. Tracking
the geometric network of Gabriel graph shifts the Voronoi space

into circuiting algorithms of artificial intelligence at the layout’s
global level. In this regard, the integral structure extends from
topologic to geometric graph network connectivity. Nonetheless,
the Voronoi’s fiber-process itself is a dual geometric network where
scaled moments project on the generative point process in space.
The key property of equidistance ties the generators in triples at
each Voronoi vertex with further integral structure explored at the
global layout. In another, functional interaction along the convex
hull of infinite Voronoi extents completes the recognition of space
structure with the associated image attached to the cyber-space of
visualized virtual reality. While this study is limited in scope, further
prospects magnify the bigger-picture of virtual-real space structure
in unlimited Voronoi application.

5. Conclusions

The applied prospect of Voronoi convex-hull encompasses
topological and geometrical issues of space syntax, centrality,
and graph algorithms towards a novelty framework of structuring
space integration. The Voronoi embedment of multiple network
dimensions enables the multilayered properties to be recognized and
sieved in correlation to one another. Interconnected measurements
of Voronoi space reveal the invisible structure per generator at
different levels of integral resolutions with layout classification.
The inferential application on any space at any scale retrieves the
clustered integration with interpretational cognitive mapping. Proof
by detailed Voronoi of Cairo’s roundabout case concludes as follows
(Table 3):

1. The topologic network of depth measure integrates the layout
along three parameters of asymmetrical, betweenness, and closeness
algorithms at global resolution of cross-comparison per network
and among the collective networks as well. At Cairo, the clustered
closeness centrality is observed correlating to the asymmetrical
depth integrity whereas the global betweenness ties with both the
local context of control measure and the global degree centrality.
The topologic syntax, thus, set the asymmetric distributiveness
along the closeness network of influential depth connectivity, but
the shortest-path betweenness follows the control structure at both
local degree context and the globally standardized centrality. Each
network, nevertheless, diversifies the clustering structure along
plural generators of maximized choice to limit the effect of cutting-
vertices amid sustainable layout integrity.

2. The geometric network of Gabriel and equidistant moments extend
the parameter of circular pairing-up of generators from the local
context towards the global resolution of Gabriel graph algorithm,
while equating the assembly of generators at the Voronoi corners.
The Gabriel graph of Cairo enhances the integral layout structure
of encircled minor circles at one major circle. The embedded
looping spaces, thus, maximize the integral distributiveness at
various lengths of circuiting extents per generator. Meanwhile, the
equidistance property adjusts single generators at plural meeting
points with multiple groups of generators at various extents in
overlap. Therefore, the scaled geometry of generators satisfies the
globally integrated layout at various extents of looping and distancing
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resolutions of plural space structure per generator in contrast to the
single strategy of generator topology but of multi-width.

3. Clustered generators classify the integral structure per generator
in vertical cross-section of topologic-geometric networks. Top-tier
integral class identifies generators 9, 12 & 4 of colorful encounters
by the network parameters. This is followed in overlap of the middle-
high class by generators 2, 10, 8 & 3 then the middle-low generators
1, 5, 6 & 14 in sequence. Constant low integral class set generators
13, 11 & 7 apart. Projecting the classified clusters on the cognitive
structure of roundabout Cairo set the highest layout integrity at the
core zone of Voronoi convex hull whereas the moderate integrity
shares the two opposite poles at the waterfronts of the Nile and
Ezbekieh Lake with the high core zone at an in-between logic. The
least integrity occurs for a reason to buffer the bulk of workshops
at polygon-11 extent and the least found landmarks to integrate in
generator-7, in addition to Cairo Citadel of visual overwhelm from
top and not network integrity. The networking of generator-15,
however, has equally distributed structure along the classified tiers
thus the spanning integral strategy of Cairo Station depot.
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Appendix of Tables

Gen. Int.(RA) Control

Table 1: Integration and Control Measures

1
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0.1538
0.1208
0.1318
0.0989
0.1428
0.1428
0.1758
0.1318
0.0879
0.1318
0.1868
0.1208
0.2197
0.1428
0.1428

0.9
1.0095
0.6761
1.2595
0.7095
1.2

0.6
1.1261
1.5
1.1261
0.65
1.6166
0.4166
1.0333
1.2095

Gen. Betweenness Closeness
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0.067155
0.065751
0.019902
0.115079
0.014103
0.096459
0.018071
0.059829
0.194139
0.063614
0.016789
0.171062
0
0.062637
0.103297

0.535714
0.6
0.576923
0.652174
0.555556
0.555556
0.5
0.576923
0.681818
0.576923
0.483871
0.6
0.441176
0.555556
0.555556

Degree
0.285714
0.357143
0.285714
0.428571
0.285714
0.357143
0.214286
0.357143

0.5
0.357143
0.214286
0.428571
0.142857
0.285714
0.357143

Table 2: Centrality Measures
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Space Measurement Clustered Generators of Roundabout Cairo

Property Interval 1 2 6 7 8 9 10 11 12 13 14 15
Control Top-tier X X X X
Asymmetry Top-tier X
Betweenness Top-tier X X
Closeness Top-tier X X X
Degree Top-tier X X
Gabriel 4-cycles X
Equidistant Nearest X X X X X X X
Control Middle-high X X X X
Asymmetry Middle-high X X X X
Betweenness Middle-high X X
Closeness Middle-high X X
Degree Middle-high X X X X X
Gabriel 3-cycles X X X
Equidistant Middle-high X X X X X X
Control Middle-low X
Asymmetry Middle-low X X X
Betweenness Middle-low X X X X X
Closeness Middle-low X X X X
Degree Middle-low X X
Gabriel 2-cycles X X
Equidistant Middle-low X X X X X X X
Control Low X X X
Asymmetry Low X X X
Betweenness Low X X X
Closeness Low X X X
Degree Low X X X
Gabriel 1-cycle X X X X
Gabriel 0-cycle X X
Equidistant Farthest X X X X X X

Table 3: Concluded Cross-Correlation of Clustered Integral Properties
Appendix of Figures

Figure 1: Cairo Before Haussmann (1801). (Source: Description de L’Egypte)
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Figure 2: Cairo After Haussmann (1874). (Source: Survey Department of Egypt)
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Figure 4: The Voronoi Convex Hull of Roundabout Cairo in 1867

Figure 5: Overlaid Voronoi on the Map of Cairo in 1874
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Figure 6: Spatial Control
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Figure 7: Spatial Integration
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Figure 8: Spatial Betweenness
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Figure 9: Spatial Closeness
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Figure 11: Gabriel Circle with Graph of Roundabout Cairo
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Figure 13: The Image of Voronoi Polygons
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Figure 15: Geo-reference of Giza Pyramids in Voronoi Projection
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