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A Digital Supplements

A large sample of original source code developed by the author during
the research is made available, under the GNU v3 general public license,

in a digital repository accessible at:
https://github.com/joaoponceleao/ibs

The source code is intended for anyone to use in the reproduction or valid-
ation of the research work undertaken herein, aiding further research, and
giving back to the the open source data science and software development
community. This includes code developed for the spatial disaggregation
algorithms and processes, data scraping modules, sP, SC, and SS measure
algorithms, as well as code used for geographic spatial analysis and data
visualisation, the latter, where possible, in the form of Jupiter notebooks

— all contained within folders mimicking the structure of the thesis.

In the majority of cases the source code expects to connect directly to
a PostgreSQL + PostGIS database, that the user will have to deploy.
We have included some data files (in the form of csv and sQL data
dumps) within the data directory. These have been extracted from the
original database used in our research but include only a subset of
columns, in order to save storage space and to anonymise data. We expect
more complete datasets to be made available in the future, following
completion of ongoing research and a more stringent process of data

anonymisation, particularly of geographic elements, in the interests of
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A Digital Supplements

privacy protection. The source code of the GNA Project VGI platform,
summarised in xpref{app:gna-project}, resides in a separate repository

and is not publicly available at the moment.
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B The GNA Project: A VGI
Platform for Urban Networks

Within our research, statistical and network analysis are encapsulated
within a data-driven research methodology, following on recent develop-
ments in data science (Cleveland, 2001; Dhar, 2013; Donoho, 2017; Naur,
1966) and laying the foundations for future work through what Gray in
2007 termed eScience, which he presented as the “fourth paradigm” of
scientific research, following on the empirical branch developed millennia
ago, the theoretical branch of the last few centuries, and the computational
branch of the last few decades (escience originally defined in J. Gray,
2007; but see also Bell et al., 2009). We began to implement early in
the research project a system for the collection and analysis of data that
would grow into what is commonly referred to as an HGIS platform, and
evolve into the continuing development of a modular open platform for
direct participation by researchers in associative geographic mapping
and analysis, loosely modelled on the OSM concept. It quickly became
apparent however, that the focus by past and current HGIS platforms
on data and visualisation was woefully inadequate, and nowhere close to

what would be required in Gray’s fourth paradigm.

One of the difficulties with current urban network analysis is that, despite
being a relatively mature subject, there exists no central database of

findings and measurements. Furthermore, were such findings and source
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B The GNA Project: A VGI Platform for Urban Networks

data by multiple institutes to be collected into a central database, any
analysis would be hindered by the fact that different researchers utilise
different tools or methodologies, both in the collection of data and
in subsequent measurements. It became clear early on that what was
required in the research field was not merely a central database of spatial
network maps for analysis and comparisons, but a platform that could
structure the entire research process, from data collection, through input,
measurement and analysis, to comparison and validation. This is the
premise of the GNA (Geographic Network Analysis) Project, an original
geospatial VGI platform for collaborative mapping and spatial analysis
purpose-built for this research project, whereupon results from the survey
and subsequent analysis are assembled to construct a multivariate geo-
referenced relational database of gated enclaves, constituting not only
the main disseminator of data, but equally a future aggregator of data
and a platform for socio-spatial analysis to be customised and used by
researchers and professionals of all disciplines working on the socio-urban

problematique.

In working with quantitative data throughout the research project, meas-
urable indicators of social and spatial exclusion were constructed, and as
such, interventionist active investigations can be carried out through vir-
tual simulations that have a direct data-driven relationship with specific
sites or case studies. This study therefore intends to provide a practical
application to urban design that goes beyond observation, analysis, and
dissemination, into constructing a framework for identifying and pre-
dicting problematic urban situations for subsequent analysis and viable
simulated, and measurable, experiments to take place in resolving socio-
spatial exclusion. Currently in alpha stage and consisting of over 40 000
lines of original code, the platform, with a focus on crowd-sourcing of
data, citizen-science participation, and spatial analysis, is built upon a
Postcis database with a python backend, a javascript frontend, and a
REST API (see full stack diagram of platform in fig. B.1 on page ii-9).
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Figure B.1: Diagram of the full stack structure of the GNA VGI platform

Current working implementations of the administration interface can be

seen in figs. B.2 to B.3 on pages ii-10-ii-11.

The GNA Project application is intended as a platform that will outlive the
research project and grow as an independent collaborative research tool,
aggregating information and providing a geo-referenced timeline of gated
enclave development, with room to expand as a multivariate database
with ever-increasing data for analytical research. Such a combination of
geographic information systems, network analysis, and crowd-mapping,
allows us to constantly refine the system to better measure urban frag-
mentation, predict problematic spatialities and, eventually, simulate
future projections based on new variables input by designers, researchers
and policy makers. As such, the initial mixed non-interventionist qualit-
ative and quantitative methodology and toolset is developed in the latter

stages of the research project into an interventionist quasi-experimental
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B The GNA Project: A VGI Platform for Urban Networks

investigation through software simulations, allowing urban areas most
at risk of social division and fragmentation to be identified early on,
whilst simultaneously providing the techniques to propose and test viable
measurable solutions, indicating future practical uses for urban planners,
architects, researchers, policy makers, and institutes beyond both the

lifespan and research topic of this project.
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Figure B.3: GNA Project administration interface. Adding geographic

unit
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C Spatial Data Collection and Validation
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Figure C.1: Joint plot showing scatter plot, linear regression fit line, and respective
univariate histograms on the margins of CGA values in vectorised, 0sM and official

cartography through a BGRI census tract spatial sampling.
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Figure C.2: Joint plot showing scatter plot, linear regression fit line, and respective
univariate histograms on the margins of CGA values in vectorised, 0sM, and official
cartography through 1 km hexagonal grid sampling.
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Figure C.3: Joint plot showing scatter plot, linear regression fit line, and respective
univariate histograms on the margins of CGA values in vectorised, 0sM and official
cartography through 500 m hexagonal grid sampling
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Figure C.4: Joint plot showing scatter plot, linear regression fit line, and respective
univariate histograms on the margins of CGA values in vectorised, 0sM and official

cartography through 250 m hexagonal grid sampling.
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C Spatial Data Collection and Validation
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Figure C.5: Sum of total number of gated enclaves and total occupied area (km?, 2016
estimate) in the AML region by year.
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Figure C.6: Sum of total number of gated enclaves and total occupied area (km?, 2016
estimate) in the AML region by year.
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C Spatial Data Collection and Validation
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Figure C.7: Box plot of recorded mean speeds by uber vehicles for 2018 in Lon-
don(km/h). Data retrieved from Quarterly Speeds Statistics by Hour of Day for London,
Uber Movement dataset, and processed in Orange3 (Demsar et al., 2013).
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D Network Validation and Feature Selection
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Figure D.1: Linear dimensionality reduction using (PCA) Randomized Singular Value
Decomposition for pedestrian counts target
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Figure D.2: Feature importances of 76 features with pedestrian counts using Random
Forest Regressor.
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Figure D.3: Feature correlation of 76 features with pedestrian counts using Pearson’s
r
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Figure D.9: Linear dimensionality reduction using (PCA) Randomized Singular Value
Decomposition for vehicle counts target
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Forest Regressor.
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Figure D.11: Feature correlation of 76 features with vehicle counts using Pearson’s r
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Figure D.12: Feature correlation of 76 features with vehicle counts using Mutual
Information Regression
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E Spatial Analysis of the Late Medieval and Farly Modern Models

Figure E.1: 1718, 1758 Lisbon cartography geo-reference analysis, calculated on (Anon,
1758)

Figure E.2: Pre-earthquake Lisbon survey geo-reference analysis, calculated on (Freitas,
1850)
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Figure E.4: 1856-158 Lisbon geo-reference GCP analysis of Folque’s 1858 survey,
calculated on (Folque, 1871)
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E Spatial Analysis of the Late Medieval and Farly Modern Models

Figure E.5: 1856-158 Folque topographic Lisbon atlas geo-reference analysis, calculated
on (Folque, 1858,/2000)
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Figure E.6: DDA analysis for geo-referenced cartography of Lisbon (from left to right,
top to bottom): 1581, 1718-1758, pre-earthquake, 1761, 1856-1858 Lisbon, 1856-1858
atlas. Calculated on cartography from, respectively, Anon (1581), Anon (1758), Folque
(1871), and Folque (1858/2000)
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FE Spatial Analysis of the Late Medieval and Farly Modern Models

~<IRY 7] w.e//\/).)x
‘ R 7

Figure E.7: Process of integration of demographic features in space. Lisbon 1801
model example. From top to bottom: disaggregated population dot map according
to the 1801 Recenseamento (population count); Voronoi cells of the urban network
street segments, graduated by colour according to disaggregated population; space
syntax integration network, weighed according to street segment resident population;
combination of previous three layers on top of original geo-referenced base cartography
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Figure E.8: Late sixteenth and early seventeeth century Lisbon city gates network. From
top to bottom: Geo-referencing and combining closest period maps for street network
construction; drafting of urban network, unfenced space, city walls, and identification
of the 53 city gates; space syntax network analysis showing global integration (HH)
assuming all gates are closed; space syntax network analysis showing global integration
(HH) assuming all gates are open
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F Spatial Analysis of the Contemporary Model

Figure F.1: Map depicting the 765 identified inhabited gated enclaves (in red) in the
AML in 2016, along with respective isochrones with a graduated range of between 5 and
20 minutes walking distance. Background shows the integration (HH) values following
angular segment analysis of the pedestrian road network
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Figure F.2: Map depicting the 765 identified inhabited gated enclaves (in red)in the
AML in 2016, along with respective 5 minute walking distance isochrones (in orange).
Background shows the integration (HH) values following angular segment analysis of
the pedestrian road network
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F Spatial Analysis of the Contemporary Model

Figure F.3: Map depicting the 765 identified inhabited gated enclaves in the AML in
2016 (in red), along with the disaggregated dot population points (one dot equals one
person) used to calculate the additional network measures and weighed space syntax
values. Background shows the calculated integration (HH) values following abgular
segment analysis of the pedestrian network
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Figure F.4: Detail of a section of Cascais and Sintra municipalities in 2016, showing
the gated enclaves (in red) and disaggregated dot population points (one dot equals one
person) used to calculate the additional network measures and weighed space syntax
values. Background shows the calculated integration (HH) values following abgular
segment analysis of the pedestrian network
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G Macro Distribution of Contemporary Gated Enclaves
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Figure G.1: Choropleth map of gated enclave surface areas, 1991. Area (ha) figures
aggregated by municipality.
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Figure G.2: Choropleth map of gated enclave surface areas, 2001. Area (ha) figures
aggregated by municipality.
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Figure G.3: Choropleth map of gated enclave surface areas, 2011.
aggregated by municipality.
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Figure G.4: Choropleth map of gated enclave surface areas, 2016. Area (ha) figures
aggregated by municipality.
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G Macro Distribution of Contemporary Gated Enclaves
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Figure G.5: Choropleth map of mean gated enclave surface areas, 1991. Area (ha)
figures correspond to the arithmetic mean of all gated enclaves in each municipality.
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Figure G.6: Choropleth map of mean gated enclave surface areas, 2001. Area (ha)
figures correspond to the arithmetic mean of all gated enclaves in each municipality.
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Figure G.7: Choropleth map of mean gated enclave surface areas, 2011. Area (ha)
figures correspond to the arithmetic mean of all gated enclaves in each municipality.
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Figure G.8: Choropleth map of mean gated enclave surface areas, 2016. Area (ha)
figures correspond to the arithmetic mean of all gated enclaves in each municipality.
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Figure G.9: Choropleth map of gated enclave occupation to total land surface area
ratio, 1991. Ratio (given as a percentage) corresponds to the total gated enclave surface
area divided by the total surface area of a municipality (including land not suitable or
authorised for residential construction, but excluding major water areas).
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Figure G.10: Choropleth map of gated enclave occupation to total land surface area
ratio, 2001. Ratio (given as a percentage) corresponds to the total gated enclave surface
area divided by the total surface area of a municipality (including land not suitable or
authorised for residential construction, but excluding major water areas).
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Figure G.11: Choropleth map of gated enclave occupation to total land surface area
ratio, 2011. Ratio (given as a percentage) corresponds to the total gated enclave surface
area divided by the total surface area of a municipality (including land not suitable or
authorised for residential construction, but excluding major water areas).
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Figure G.12: Choropleth map of gated enclave occupation to total land surface area
ratio, 2016. Ratio (given as a percentage) corresponds to the total gated enclave surface
area divided by the total surface area of a municipality (including land not suitable or
authorised for residential construction, but excluding major water areas).
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Figure G.13: Choropleth map of total gated enclave counts aggregated by municipality,
1991.
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Figure G.14: Choropleth map of total gated enclave counts aggregated by municipality,
2001.
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Figure G.15: Choropleth map of total gated enclave counts aggregated by municipality,
2011.
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Figure G.16: Choropleth map of total gated enclave counts aggregated by municipality,
2016.
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Figure G.17: Choropleth map depicting the total gated enclave population aggregated
by municipality, 1991.
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Figure G.18: Choropleth map depicting the total gated enclave population aggregated
by municipality, 2001.
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Figure G.19: Choropleth map depicting the total gated enclave population aggregated
by municipality, 2011.
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Figure G.20: Choropleth map depicting the total gated enclave population aggregated
by municipality, 2016.

ii-57



G Macro Distribution of Contemporary Gated Enclaves

Figure G.21: Choropleth map depicting the ratio of the gated enclave population to
the municipality population, displayed as percentages, 1991.
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Figure G.22: Choropleth map depicting the ratio of the gated enclave population to
the municipality population, displayed as percentages, 2001.
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Figure G.23: Choropleth map depicting the ratio of the gated enclave population to
the municipality population, displayed as percentages, 2011.
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Figure G.24: Choropleth map depicting the ratio of the gated enclave population to
the municipality population, displayed as percentages, 2016.
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Figure G.25: Choropleth map depicting the mean gated enclave isolation-score by
municipality, 1991.
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Figure G.26: Choropleth map depicting the mean gated enclave isolation-score by
municipality, 2001.
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Figure G.27: Choropleth map depicting the mean gated enclave isolation-score by
municipality, 2011.
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Figure G.28: Choropleth map depicting the mean gated enclave isolation-score by
municipality, 2016.
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0-2
6-19

Figure G.29: Choropleth map of total C2 type (communal street) gated enclave counts
aggregated by municipality, 1991.
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Figure G.30: Choropleth map of total C2 type (communal street) gated enclave counts
aggregated by municipality, 2001.
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Figure G.31: Choropleth map of total C2 type (communal street) gated enclave counts
aggregated by municipality, 2011.
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Figure G.32: Choropleth map of total C2 type (communal street) gated enclave counts
aggregated by municipality, 2016.
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Figure G.33: Choropleth map of total C3 type (communal space) gated enclave counts
aggregated by municipality, 1991.
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Figure G.34: Choropleth map of total C3 type (communal space) gated enclave counts
aggregated by municipality, 2001.

ii-64



0
1-2
3-4

5-11
12- 34

Figure G.35: Choropleth map of total C3 type (communal space) gated enclave counts
aggregated by municipality, 2011.
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Figure G.36: Choropleth map of total C3 type (communal space) gated enclave counts
aggregated by municipality, 2016.

ii-65



G Macro Distribution of Contemporary Gated Enclaves

simbra
1-11

12-32
33-63

il

Figure G.37: Choropleth map of total C4 type (communal amenities) gated enclave
counts aggregated by municipality, 1991.
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Figure G.38: Choropleth map of total C4 type (communal amenities) gated enclave
counts aggregated by municipality, 2001.
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Figure G.39: Choropleth map of total C4 type (communal amenities) gated enclave
counts aggregated by municipality, 2011.
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Figure G.40: Choropleth map of total C4 type (communal amenities) gated enclave
counts aggregated by municipality, 2016.
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Figure H.1: Isochronic map of Lisbon with walled enclaves (in red) of monastic
houses (in black) active during the sixteenth century and corresponding pedestrian
distance isochrones, in metres, calculated according to main entry points of monasteries
(graduated shaded areas, 400-2400 m), and according to enclave walls (graduated street
lines, 20-700 m+).
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Figure H.2: Isochronic map of Lisbon with walled enclaves (in red) of monastic
houses (in black) active during the seventeenth century and corresponding pedestrian
distance isochrones, in metres, calculated according to main entry points of monasteries
(graduated shaded areas, 400-2400 m), and according to enclave walls (graduated street
lines, 20-700 m+).
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Figure H.3: Isochronic map of Lisbon with walled enclaves (in red) of monastic
houses (in black) active during the eighteenth century and corresponding pedestrian
distance isochrones, in metres, calculated according to main entry points of monasteries
(graduated shaded areas, 4002400 m), and according to enclave walls (graduated street
lines, 20-700 m+).

Figure H.4: Isochronic map of Lisbon with walled enclaves (in red) of monastic houses
(in black) active during the early nineteenth century and corresponding pedestrian
distance isochrones, in minutes, calculated according to main entry points of monasteries
(graduated shaded areas, 4002400 m), and according to enclave walls (graduated street
lines, 20-700 m+).
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Figure H.5: Segment commerce map of the AML, showing the calculated SC (represent-
ing commerce count per street segment), and the gated enclave five minute isochrone
clusters.
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Figure H.6: Segment service map of the AML, showing the calculated Ss (representing
service sector count per street segment), and the gated enclave five minute isochrone
clusters.

ii-72



» \ i
’ fy‘ AT f
e Ry N X/‘“:
Ay i
. Z(i\
’ v >
1(

Figure H.7: Syntax choice skeleton at 7 = 4800 in the AML vehicular network and its
enclaves, in red.
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Figure H.8: Main syntax patterns in the late modern AML



Figure H.9: Main syntax patterns in the AML
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Figure H.10: Public transport stops in the Lisbon Metropolitan Area, including bus,
subway, railway, and ferry systems, in red. Gated enclaves depicted according to their
walled footprints in black.
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Figure H.11: Public transport routes in the Lisbon Metropolitan Area with respective
pedestrian isochrones calculated according to a 5, 10, and 15 minute walk from each stop.
North and south subway and railway systems in green; local, municipal, and metropolitan
bus systems in red; ferry systems in blue. Gated enclaves depicted according to their
walled footprints in black.
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Figure 1.1: Distribution of total count of monasteries in Portugal, from 1100 to 1900,
binned at twenty year intervals, and grouped by type. Male: blue, female: orange. Based
on data in (Azevedo, 2000Db).
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Figure 1.2: Cumulative distribution of total count of monasteries in Portugal, from
1100 to 1900, binned at twenty year intervals, and grouped by type. Male: blue, female:
orange. Based on data in (Azevedo, 2000Db).
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Figure 1.3: Footprint area (km?) occupied by housing buildings (exterior space sub-
tracted) for housing within gated enclaves versus street housing within a 1.2 km buffer
of each gated enclave, aggregated by municipality.
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Figure I.4: Footprint area (km?) occupied by housing buildings (exterior space sub-
tracted) for housing within gated enclaves versus street housing within a 1.2 km buffer
of each gated enclave, aggregated by civil parish.
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Figure 1.5: Footprint area (km?) occupied by housing buildings (exterior space sub-
tracted) for housing within each gated enclave versus street housing within a 1.2 km
buffer of each gated enclave. Figures are per gated enclave.
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Figure 1.6: Footprint area (km?) occupied by housing buildings within the gated
enclave versus total area occupied by the gated enclave, aggregated by civil parish.
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Figure 1.7: Footprint area (km?, in a logarithmic scale) occupied by housing buildings
within the gated enclave versus total area occupied by the gated enclave, aggregated by
civil parish
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a3 km)

Figure 1.8: Footprint area (km?, in a logarithmic scale) occupied by housing buildings
within the gated enclave versus total area occupied by the gated enclave. Figures are
per gated enclave.
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Figure I.9: Number (as normalised z-values) of commercial retail establishments within
an 800 m buffer of the boundaries of individual gated enclaves (in blue), versus within
an 800 m buffer of the boundaries of individual street housing buildings, aggregated by
civil parish (depicted by statistical parish code).
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Figure 1.10: Mean NAIN values for each civil parish versus the single pedestrian road
segment closest to each gated enclave, aggregated by civil parish.
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Figure I.11: Distribution of total count of monasteries in Portugal, from 1100 to
1900, binned at fifty year intervals, and grouped by main religious order. Standard
acronyms used (see List of Acronyms) with the exception of Th, denoting Third orders,
Az, denoting monasteries located in the Azores islands, and Md, denoting monasteries
located in the Madeira islands. Based on data in (Azevedo, 2000Db).
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Figure 1.12: Isolation scores

of gated enclave types depicted as a violin plot with

IS isolation-score on the left y-axis, and kernel density estimation of the underlying
distribution on each categorical x-axis.
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Figure 1.13: Gated enclaves by type and isolation in the AML. Total count of gated
enclaves depicted as bar plots on left y-axis, IS isolation-score depicted as point plots
with standard deviation bars on right y-axis.
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Figure 1.14: Types of gated enclaves in the AML. Gated enclaves count, by year and
type (horizontal axis is in the 1976-2016 range limit).
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Figure 1.15: Evolution of types of gated enclaves in the AML. Gated enclaves cumulative
count, by year and type (horizontal axis is in the 1976-2016 range limit).
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Figure 1.16: Evolution of area footprint of gated enclaves in the AML. Gated enclaves
cumulative area (ha), by year and type (horizontal axis is in the 1976-2016 range limit).
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Figure 1.17: Univariate and bivariate kernel density estimates joint plot of isolation-
score vs foundation year of gated enclave.
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Figure 1.18: Population attributes AML vs enclaves 2011. Bar plot depicting the
arithmetic mean ratio (to the total population) for the AML of 31 2011 census attributes,
and the equivalent mean ratio (to the total gated enclave population) for all gated
enclaves in the AML in 2011 (using disaggregated data to the building level).
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Figure I.19: Population attributes AML vs enclaves 2016. Bar plot depicting the
arithmetic mean ratio (to the total population) for the AML of 31 2011 census attributes,
and the equivalent mean ratio (to the total gated enclave population) for all gated
enclaves in the AML in 2016 (using disaggregated data to the building level).
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Figure 1.20: Household attributes of gated enclave population versus wider census
sub-tract. Violin plot depicting the arithmetic mean ratio (to the total population) for
the population of the total area of the 2011 census sub-tracts of all gated enclaves in
the AML in 2016, and the equivalent mean ratio for the population of the total area of a
100 m buffer of all gated enclaves (using disaggregated data to the building level).
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Figure 1.21: Educational and age attributes of gated enclave population versus wider
census sub-tract. Violin plot depicting the arithmetic mean ratio (to the total population)
for the population of the total area of the 2011 census sub-tracts of all gated enclaves
in the AML in 2016, and the equivalent mean ratio for the population of the total area
of a 100 m buffer of all gated enclaves (using disaggregated data to the building level).
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Figure 1.22: Employment attributes of gated enclave population versus wider census
sub-tract. Violin plot depicting the arithmetic mean ratio (to the total population) for
the population of the total area of the 2011 census sub-tracts of all gated enclaves in
the AML in 2016, and the equivalent mean ratio for the population of the total area of a
100 m buffer of all gated enclaves (using disaggregated data to the building level).
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Figure 1.23: Employment attributes of gated enclave population versus immediate
surrounding area. Violin plot depicting the arithmetic mean ratio (to the total popula-
tion) for the population of the total area of a 1200 m buffer of all gated enclaves in the
AML in 2016, and the equivalent mean ratio for the population of the total area of a
100 m buffer of all gated enclaves (using disaggregated data to the building level).
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Figure J.1: Layered Kernel Density Estimate plot of main morphological measures for
gated enclaves and all other built structures in the Lisbon municipality, c.1801.
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Figure J.2: Kernel Density Estimate KDE plot of the main morphological measures (IQR
trimmed) for gated enclaves (light blue), and all other residential spatially continuous
typologies (dark blue) in the AML, 2016.
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Figure J.3: Layered KDE plot of nPI values for the various medieval gated enclave

classes in the early nineteenth century AML model.
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Figure J.4: Layered Kernel Density Estimate plot of np1 (normalised Perimeter Index)
for gated enclave classes in the AML, 2016.
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Figure J.5: Probability dodged histogram plot of the main morphological measures
for gated enclaves (blue), and all other spatially continuous built structures (orange) in
the Lisbon municipality, c.1801.
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Figure J.6: Probability dodged histogram plot of the main morphological measures for
gated enclaves (blue), and all other residential spatially continuous typologies (orange)

in the AML, 2016.
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Figure J.7: Probability dodged histogram plot of the main morphological measures for
gated enclaves (blue), and all other residential spatially continuous typologies (orange)

in the Lisbon municipality, 2016.
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Figure J.8: Boxplot of main morphological measures (IQR trimmed) for gated enclaves
(orange), and all other built structures (blue) in the AML, ¢.1801.
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Figure J.9: Joint plot showing bivariate Kernel Density Estimate (KDE) for nDI and

ERI indices and respective univariate KDE plots on the margins, for the main medieval
gated enclave classes in the AML ¢.1801.
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Figure J.10: Joint plot showing bivariate Kernel Density Estimate (KDE) for nPI and
ERI indices (IQR trimmed) and respective univariate KDE plots on the margins, for the
main gated enclave classes (see table 4.12 on page 397) in the AML in 2016.
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Figure J.11: Bivariate plots for nDI and ERI (IQR trimmed) of four main medieval
gated enclave classes in the early nineteenth century AML model.
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Figure J.12: Bivariate plots for nPI and ERI (IQR trimmed) of four main medieval
gated enclave classes in the early nineteenth century AML model.
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Figure J.13: Bivariate plots for nPI and ERI (IQR trimmed) of four main gated enclave
classes in the contemporary AML model.
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Figure J.14: Bivariate plots for nDI and ERI (IQR trimmed) of four main gated enclave
classes in the contemporary AML model.
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Figure K.1: Count distribution plot of NAIN at r» =n for the 5 minute enclave entry
isochrones of the early nineteenth century AML network, and corresponding kernel
density estimate curve.
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Figure K.2: Count distribution plot of segment NAIN_pop (resident population weighted
nain) for the 10 minute enclave entry isochrones of the early nineteenth century AML
network, and corresponding kernel density estimate curve.
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Figure K.3: Count distribution plot of NACH at r =n for the 5 minute enclave wall
isochrones of the early nineteenth century AML network, and corresponding kernel
density estimate curve.
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Figure K.4: Probability distribution plots of NACH at r» = 800 (left) and r = 2400
(right) for the 10 minute enclave wall isochrones of the AML pedestrian network, and
corresponding kernel density estimate curves.
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Figure K.5: Probability distribution plots of NACH at r» = 800 (left) and r» = 2400
(right) for the 10 minute enclave access isochrones of the AML pedestrian network, and
corresponding kernel density estimate curves.
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Figure K.6: Probability distribution plots of the Pop, CMcC, and Svc metrics, corres-
ponding to street segment resident population, commerce, and service, at » =n for the
10 minute enclave wall isochrones of the AML pedestrian network, and corresponding
kernel density estimate curves.
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Figure K.7: Probability histogram and corresponding kernel density estimate of street
segments intersecting 15 minute walk isochrones of enclave walls in the 1801 AML
model for: NACH and NAIN at » =n and r =2400 m
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Figure K.8: Probability histogram and corresponding kernel density estimate of street
segments intersecting 15 minute walk isochrones of enclave walls in the 2016 AML

model for: NACH and NAIN at r =n and r =2400 m
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Figure K.9: Probability histogram and corresponding kernel density estimate of street
segments intersecting 15 minute walk isochrones of enclave walls in the 1801 AML
model for: absolute sp (pop) and absolute sP within a 100 m street segment buffer
(pop__100m)
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Figure K.10: Probability histogram and corresponding kernel density estimate of
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Figure K.11: NAINg, densities of enclaves vs residential buildings. Univariate kernel
density plot of NAINgyy values for the closest street segment to gated enclave walls vs
the closest street segment to all predominantly residential buildings in the AML.
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Figure K.12: Mean network measures of gated enclaves by closest street segment to
perimeter wall and main entry access point. AS (access segment): closest street segment
to entry access point. Ws (wall segment): closest street segment to perimeter wall. From
left to right, measures are: NAIN,. Normalised angular integration at metric radius of
7. NASC; 500 Normalised angular commerce sector count for the closest street segment
within a 1200 m buffer area of the gated enclave. NASP 5, Normalised angular resident
population count for the closest street segment within a 1200 m buffer area of the
gated enclave. NASS; 54 Normalised angular service sector count for the closest street
segment within a 1200 m buffer area of the gated enclave.
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Figure K.13: Incomplete urbanisation in the contemporary AML vehicular network
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Figure K.14: Incomplete urbanisation in the contemporary AML pedestrian network

ii-119



K Configurational Analysis

mMnNACH
(background)
3

MXNAIN MXNACH
(foreground) (foreground)
[ 200
00
800
1200
1600
12000
124
MnNAIN r§2%
(background)

m

Figure K.15: Pedestrian star chart of the contemporary AML model at multiple radi.
Standardised by zscore, plotted on -3 to 3 axes, sorted by mean nach.
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Figure K.16: Vehicular star chart of the contemporary AML model at multiple radi.
Standardised by zscore, plotted on -3 to 3 axes, sorted by mean nach.
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Figure K.17: Layered vehicular star chart of the contemporary Lisbon municipality
model at various radi. Standardised by zscore, plotted on -3 to 3 axes, sorted by mean
NACH.
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Figure K.18: Layered pedestrian star chart of the contemporary Lisbon municipality
model at various radi. Standardised by zscore, plotted on -3 to 3 axes, sorted by mean
NACH.
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Figure K.19: Pedestrian star chart of municipalities at global radius (r=n)
ised by zscore, plotted on -4 to 4 axes, sorted by mean NACH.
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Figure K.20: Vehicular star chart of municipalities at global radius (r=n). Standardised

by zscore, plotted on -4 to 4 axes, sorted by mean nach.
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Figure K.21: Pedestrian star chart of municipalities at medium radius (r=2400).
Standardised by zscore, plotted on -4 to 4 axes, sorted by mean nach.
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Figure K.22: Vehicular star chart of municipalities at medium radius (r=2400).
Standardised by zscore, plotted on -4 to 4 axes, sorted by mean nach.
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Figure K.23: Probability distribution dodged plots of the 2016 vehicular network
NAIN at 7 =n for a 10 m (left) and 60 m (right) wall-segment buffer intersection. Gated

enclaves in blue, remaining AML residential typologies in orange.

scope
-
-l

Probability

Probabilisy

nach r2400

nach 12400

L LLLE

Figure K.24: Probability distribution dodged plots of the 2016 vehicular network
NACH at 7 =n for a 10 m (left) and 60 m (right) wall-segment buffer intersection. Gated

enclaves in blue, remaining AML residential typologies in orange.
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Figure K.25: Probability distribution dodged plots of the 2016 pedestrian network
NAIN at 7 = 2400 for a 10 m (left) and 60 m (right) access-segment buffer intersection.

Gated enclaves in blue, remaining AML residential typologies in orange.
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Figure K.26: Probability distribution of, from top to bottom, pop, cmc, and svc
pedestrian street segments at 10 (left) and 60 m (right) buffers of enclave (ge, in blue)
and other residential (aml, in orange) access points. Range used is of the entire AML
network.
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Figure K.27: Probability distribution of, from top to bottom, pop, cmc, and svc
vehicular street segments at 10 (left) and 60 m (right) buffers of enclave (ge, in blue)
and other residential (aml, in orange) access points. Range used is of the entire AML
network.
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Figure K.28: Probability distribution of, from top to bottom, pop, cmc, and svc
pedestrian street segments at 10 (left) and 60 m (right) buffers of enclave (ge, in blue)
and other residential (aml, in orange) walls. Range used is of the entire AML network.
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Figure K.29: Probability distribution of, from top to bottom, pop, cmc, and svc
vehicular street segments at 10 (left) and 60 m (right) buffers of enclave (ge, in blue)
and other residential (aml, in orange) walls. Range used is of the entire AML network.
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Figure K.30: Probability distribution of NACH_ il within open gate (left) versus closed
gate (right) pedestrian network buffers of enclave (ge, in blue) and other residential

(aml, in orange) access points.
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Figure K.31: Probability distribution of classic NACH within open gate (left) versus
closed gate (right) pedestrian network buffers of enclave (ge, in blue) and other residential

(aml, in orange) access points.
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Figure K.32: Probability distribution of NACH_ il within open gate (left) versus closed
gate (right) vehicular network buffers of enclave (ge, in blue) and other residential (aml,
in orange) access points.
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Figure K.33: Probability distribution of NACH_ il within open gate (left) versus closed
gate (right) pedestrian network buffers of enclave (ge, in blue) and other residential
(aml, in orange) walls.
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Figure K.35: Violin plots of (winsorised) configurational attribute values for the closest
street segment (CS) to enclave walls (orange) and the building centroid of the remaining
residential stock of the AML (blue). From left to right, top to bottom: SSp, SSc, SsS,
integration, choice, and NACH at, respectively, » =2 2400 m, r» =44800 m, and r =n ...
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Figure K.36: ... sSP (100m ss buffer), ssp (100m ss buffer weighed by wall perimeter),
SP (100m ss buffer weighed by wall perimeter), NAIN, Ss-length weighed choice, and
ss-length weighed NACH at, respectively, » =22400 m, r =4 4800 m, and r =n
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Figure K.37: Violin plots of mean (winsorised) configurational attribute values for a
60 m buffer of enclave walls (orange) and building centroid of the remaining residential
stock of the AML (blue). From left to right, top to bottom: sSSP, sSc, sss, integration,
choice, and NACH at, respectively, 7 =22400 m, » =44800 m, and r =n ...
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Figure K.38: ... sSP (100m ss buffer), ssp (100m ss buffer weighed by wall perimeter),
SP (100m ss buffer weighed by wall perimeter), NAIN, Ss-length weighed choice, and
ss-length weighed NACH at, respectively, » =22400 m, r =4 4800 m, and r =n
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Figure K.39: Violin plots of mean (winsorised) configurational attribute values for a
1200 m buffer of enclave walls (orange) and building centroid of the remaining residential
stock of the AML (blue). From left to right, top to bottom: sSSP, sSc, sss, integration,
choice, and NACH at, respectively, 7 =22400 m, » =44800 m, and r =n ...
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Figure K.40: ... sSP (100m ss buffer), ssp (100m ss buffer weighed by wall perimeter),
SP (100m ss buffer weighed by wall perimeter), NAIN, Ss-length weighed choice, and
ss-length weighed NACH at, respectively, » =22400 m, r =4 4800 m, and r =n
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Figure K.41 (on next page): Preliminary taxonomy design of confinement structures

ii-141



Sphere Zone Province Region District System MaximumElements

Gates,fence or wall,natural
features,security guards,cctv,
Institution of Confi Social or Moral Disease Prison Restricted entry (guarded) weapons

Gates,fence or wall,natural
features,security guards,cctv,
Asylum Restricted entry (guarded) weapons

Gates,fence or wall,natural
features,security guards,cctv,
Refugee Detention Centre Restricted entry (guarded) weapons

Education

Gates,fence or wall,natural

features,security guards,cctv,
Boarding School orUniversity Restricted entry (bounded orguarded) weapons

Gates,fence or wall,natural
Foster Housing Restricted entry (bounded orguarded) features,security guards,cctv

Work

Gates,fence or wall,road
Factory Gated Roads(fully orpartially) barriers,security guards

Gates,fence or wall,natural

features,security guards,cctv,
Laboratory Restricted entry (bounded orguarded) weapons

Gates,fence or wall,natural

features,security guards,cctv,
Hospitals Restricted entry (guarded) weapons

Fence or wall,natural features,
Airports Restricted entry (guarded) security guards,cctv,weapons

Gates,fence or wall,natural

features,security guards,cctv,
Docks Restricted entry (guarded) weapons

Community of Confinement _Fortified Building Secure Housing

Gates,fence or wall,natural
features,security guards,cctv,
Embassies Restricted entry (bounded orguarded) weapons

Gates,fence or wall,natural
Expatriate communities Faux-gatedentries features,security guards,cctv

Gates,fence or wall,natural

features,security guards,cctv,
Topdevelopments Restricted entry (bounded orguarded) weapons

Gates,fence or wall,natural
features,security guards,cctv,
Fortified Enclave Fortified aid compound weapons
Gates,fence or wall,natural
features,security guards,cctv,
Military installations weapons

Gated Community Physical

Retirement Communities, Gates,fence or wall,natural
Lifestyle Communities' Clubhouses,Golf Resorts Restricted entry (bounded or guarded) features,security guards,cctv
Gates,fence or wall,natural
features,security guards,cctv,
Prestige Communities' Elite Enclaves Restricted entry (bounded orguarded) weapons

Gates,fence or wall,road
Security Zone Communities' InnerCity Enclaves Restricted entry (bounded) barriers,community policing

Economic

Gates,fence or wall,natural
features,security guards,cctv,
Prestige Communities’' Elite Enclaves Restricted entry (bounded orguarded) weapons

Gates,fence or wall,road
Security Zone Communities' InnerCity Enclaves Restricted entry (bounded) barriers,community policing

Social

Gates,fence or wall,natural

features,security guards,cctv,
Alien Communities Refugee Camp Restricted entry (bounded orguarded) weapons

Gates,fence or wall,natural

features,security guards,cctv,
Prestige Communities’' Elite Enclaves Restricted entry (bounded orguarded) weapons

Symbolic

Retirement Communities, Gates,fence or wall,natural
Lifestyle Communities' Clubhouses,Golf Resorts Faux-gatedentries features,cctv

Gated City

Gates,fence or wall,natural
Lifestyle Faux-gatedentries features,cctv

Gates,fence or wall,natural

features,security guards,cctv,
Prestige Restricted entry (bounded orguarded) weapons

Gates,fence or wall,natural

features,security guards,cctv,
Alien Communities Refugee City-Camp' Restricted entry (bounded orguarded) weapons




MinimumElements Differentiation Subject Ecology Process Context Integration
Temporary confinement since
Gates,fence or wall,natural State built and mantained. ancient times.Permanent
features,security guards,cctv, Prisoners,captives,POWs,or Suburbsand innercity Increasingly state-sponsored private confinement mostly since 17th
weapons political detainess areas enterprise century 865
Subjectswith psychiatric disorders,
moral orcultural abnormalities,
Gates,fence or wall,natural abnormal physical conditions,or Suburbsand innercity  State built and mantained.Some
features,security guards,cctv pooreconomic conditions areas private enterprise Mostly since 17thcentury 865
Gates,fence or wall,natural Refugees,statelesspersons, Rural regionsnear
features,security guards,cctv, internally displaced persons,illegal  national borders, International coorporations,NGOs,
weapons migrants,asylumseekers suburbs,inner city areas. local state-sponsorhip
Natural features,security Studentsand staff (especially of
guards,cctv military institutions) Mostly rural regions Private enterprise,state sponsorhip 4.07
Gates,fence or wall,natural Abandoned children,children under Mostly innercity areas  State built and mantained,state-
features,security guards,cctv security risk or suburbs sponsored private enterprise
Workers(adult or children). Suburbs,rural areas,and
Gates,fence or wall Normally low working class. innercity areas Private enterprises Mostly since early 19thcentury 3.17
Natural features,security Suburbs,rural areas,and Private enterprises,state-sponsored
guards,cctv Workers.Normally midlle class. innercity areas private enterprises Mostly since mid 20thcentury
State built and mantained,private
Gates,fence or wall,natural Suburbsand innercity  enterprises,state-sponsored private
features,security guards,cctv Patientsand staff areas enterprises Mostly since 18thcentury 7.77

Staff identification.Passenger
identification (tickets).Several
Fence or wall,natural features, layersof spatial enclosures.

security guards,cctv,weapons  Racial profiling.

Local and international staff.
International temporary

communities,particularly in
meeting loungesand hotels.

Suburbs

State built and mantained,private
enterprises,state-sponsored private
enterprises

Since mid 20thcentury

Gates,fence or wall,natural
features,security guards,cctv,

Suburbsand city

State built and mantained,private
enterprises,state-sponsored private

weapons Local staff.Security staff. coastlines enterprises In variousformssince ancient times
Ambassadorsand respective
families,Embassy staff and
respective families,military,
supporting staff.Majority foreign.
Diplomatic immunity for some staff. Host country state built and guest
Diplomatic asylumnormally granted Wealthy suburbs,top country state-sponsored and
Gates,natural features,cctv to those within the compounds. city districts mantained In variousformssince ancient times
Foreign staff and families.Minority
of local supporting staff.May enjoy
Gates,fence or wall,natural unique regulationswithin the Wealthy suburbs,top Private enterprises.May be state-
features compound. city districts sponsored by host country In variousformssince ancient times
Gates,fence or wall,natural Wealthy suburbs,top
features,security guards,cctv Upper classdwellers city districts Private enterprises In variousformssince ancient times

Gates,fence or wall,natural
features,security guards,cctv,
weapons

International staff.Most local staff
are either excluded fromthe
compound orreside with limited
rights.

Inner city areasof crisis-
hit countries,isolated
rural areasnear airfields

International coorporations,NGOs,
local state-sponsorhip,private
enterprises

Gates,fence or wall,natural
features,security guards,cctv,
weapons

Military

Innercity areas,
suburbs,rural areas

State built and mantained,some
private enterprises

Since ancient times

Gates,fence or wall,natural

Lifestyle dwellers:can include age-
related,sports-related,or religious
communities.Normally middle or

Suburbsand rural

Private enterprises,some state built
and mantained or state-sponsored

features,security guards,cctv upper class. regions private enterprises Mostly since late 1960s

Gates,fence or wall,natural

features,security guards,cctv, Topcity districts,

weapons Upper classdwellers. wealthy suburbs Private enterprises In variousformssince ancient times
Inner city areas,old

Gates,fence or wall,road suburbs.Areaswith Private enterprises,some may be

barriers,community policing

Upper classor lower classdwellers

recent migration influx.

state-sponsored

In variousformssince ancient times

Gates,fence or wall,natural

features,security guards,cctv, Topcity districts,

weapons Upper classdwellers wealthy suburbs Private enterprises In variousformssince ancient times
Inner city areas,old

Gates,fence or wall,road suburbs.Areaswith Private enterprises,some may be

barriers,community policing

Upper classor lower classdwellers

recent migration influx.

state-sponsored

In variousformssince ancient times

Gates,fence or wall,natural
features,security guards,cctv,

weapons Racial profiling.ID cards.

Staff identification.Foreign vs
national staff differentiation.

Refugees,statelesspersons,
internally displaced persons

Isolated rural regions
near borders

International coorporations,NGOs,
local state-sponsorhip

Gates,fence or wall,natural
features,security guards,cctv,
weapons

Upper classdwellers

Topcity districts,
wealthy suburbs

Private enterprises

In variousformssince _ancient times

Natural features,cctv

Lifestyle dwellers:can include age-
related,sports-related,or religious
communities.Normally middle or
upper class.

Suburbsand rural
regions

Private enterprises,some state built
and mantained or state-sponsored
private enterprises

Mostly since late 1960s

Natural features,cctv Staff identification

Lifestyle dwellers:can include age-
related,sports-related,or religious
communities.Normally middle or
upper class.

Suburbsand rural
regions

Private enterprises,state-sponsored
private enterprises

At least since early 19th century.
Dramatic development since
beginning of 21stcentury

Gates,fence or wall,natural
features,security guards,cctv  Staff identification

Upper classdwellers

Suburbsand rural
regions

Private enterprises,state-sponsored
private enterprises

Since beginning of 21stcentury

Natural features,security

guards,weapons Racial profiling.ID cards.

Refugees,statelesspersons,
internally displaced persons

Isolated rural regions
nearnational borders

International coorporations,NGOs,
local state-sponsorhip

N/A
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Figure K.42 (on next page): Network configuration graphs of interior confinement
typologies based on studies by Markus (1993). Hierarchical layout strategy based on the
Sugiyama algorithm, for visualising flows within directed networks, showing respective
distances to the root node and the betweenness centrality of each space.
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Interior Network Graphs

Network graphs based on spatial maps produced

by Markus (1993).

Node Shade = distance from root node (root node &
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L Hierarchical Classification

Hierarchical clustering dendrogram: pexo dendro_mons_morph_minkowski_1200m_ avg win

.

R TN v i

Figure L.1: Hierarchical clustering dendrogram of medieval gated enclaves based on
morphological attributes and calculated according to Minkowski distance

Hierarchical clustering dendrogram: pexo dendro_mons_spat_minkowski 1200m_avg win

Tiﬁ

Figure L.2: Hierarchical clustering dendrogram of medieval gated enclaves based on
spatial attributes and calculated according to Minkowski distance
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Hierarchical clustering dendrogram: pexo dendro_loc_occupation_minkowski_1200m_avg win

Figure L.3: Hierarchical clustering dendrogram of contemporary gated enclaves based
on socio-economic attributes of the pedestrian network and calculated according to
Minkowski distance

Hierarchical clustering dendrogram: vexo dendro_ loc_occupation multi minkowski 1200m_ avg win

Figure L.4: Hierarchical clustering dendrogram of contemporary gated enclaves
based on socio-economic attributes of the vehicle network and calculated according to
Minkowski distance
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L Hierarchical Classification

Figure L.5: Hierarchical clustering dendrogram of contemporary gated enclaves based
on network attributes of the pedestrian network and calculated according to Minkowski
distance

Figure L.6: Hierarchical clustering dendrogram of contemporary gated enclaves based
on network attributes of the vehicle network and calculated according to Minkowski
distance
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Figure L.7: Hierarchical clustering dendrogram of contemporary gated enclaves based
on street segment length-weighed network attributes of the pedestrian network and
calculated according to Minkowski distance

Figure L.8: Hierarchical clustering dendrogram of contemporary gated enclaves based
on street segment length-weighed network attributes of the vehicle network and calcu-
lated according to Minkowski distance
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L Hierarchical Classification

—— Hierarchical clustering dendrogram: pexo dendro_loc_scores_gower 1200m_avg win

e

Figure L.9: Hierarchical clustering dendrogram of contemporary gated enclaves based
on qualitative score attributes of the pedestrian network and calculated according to
Minkowski distance

Hierarchical clustering dendrogram: vexo dendro_loc_scores_minkowski_1200m_avg win ———————

Figure L.10: Hierarchical clustering dendrogram of contemporary gated enclaves

based on qualitative score attributes of the vehicle network and calculated according to
Minkowski distance
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L Hierarchical Classification
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Figure L.13: Probability density in hierarchical clusters and qualitative classes. Dis-
played as combined swarm and box plots of pop-scl, NAIN at » =2400 m, NACH-il at
r =n, and TIS, from the occupational, net, net-dist, and score models. Categorised by
comb 1200m hierarchical cluster on left column and initial qualitative classification on
the right.
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Figure L.14: Probability density in hierarchical clusters and qualitative classes. Dis-
played as combined swarm and box plots of NAIN at » =2400 m, NACH at r =2400 m,
nain-pop, and nain-cmc. Categorised by net 1200m hierarchical cluster on left column
and initial qualitative classification on the right.
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L Hierarchical Classification
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Figure L.15: Probability density in hierarchical clusters and qualitative classes. Dis-
played as combined swarm and box plots of NACH-il at 7 =n, NACH at r =2400 m,
and choice-il at 7 =240 ;m. Categorised by net-dist 1200m hierarchical cluster on left
column and initial qualitative classification on the right.
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Figure L.16: Probability density in hierarchical clusters and qualitative classes. Dis-
played as combined swarm and box plots of ssp (pop-scl), ssC (cme-scl), and sss (sve-scl),
from the occupational model. Categorised by occupation 1200m hierarchical cluster on
left column and initial qualitative classification on the right.
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Figure L.17: Probability density in hierarchical clusters and qualitative classes. Dis-
played as violin plots of TAS, TPS, TSS, and TiS. Categorised by score 1200m hierarchical
cluster on left column and initial qualitative classification on the right.
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