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2. Research

2.1 Sustainable Cities and Urban Planning

At the beginning of this new century, we are experiencing some of the most profound and accelerated trans-
formations in the history of humanity that have great effect on the economy, politics, society, and the human
habitat and in general environment we live in. Technological innovation and the development of telecommu-
nications and informational technologies are facilitating the emergence of a new global economic order. This
is reinforced with the progressive reduction of trade barriers, the creation of large economic blocks, and the

expansion of global markets.

Growth of cities

Cities have the responsibility to sustainability of the
whole planet. And this responsibility still grows as
grows the urban populations and urban areas. But we
can not see the cities as problem of our era, but rather
the solution of the 21st century challenges, such as cli-
mate change. The habitats of globalization are the cities
and the urban systems. Today, more than 50% of the
world population lives in cities - in 20 years, that figure
will be 75%. Over that period of time, almost 2000 mil-
lion people will be born in, or will move to live in cit-
ies, especially the larger cities in the developing world.
There will be more than 500 cities with more than one
million inhabitants (Fundacion Metropoli, 2015).

Giving a coherent response to this unprecedented
challenge and opportunity has become the central is-
sue, not only for urbanism and architecture, but for
the economy, society and culture as a whole. These
challenges we are trying to manage through the urban
planning. Current practise of urban planning is com-
plex discipline of land spatial management. It is not
just about urban structure organization and arrange-
ment. It is about applying long term vision, strategy
and common shared values in it.

Modern urban planning

Modern urban planning is or at least should be about
processes, about tactic implementation of strategy
which should lead to secure long term sustainability
and regimentation of development energy in urban
environment. To be able to manage these challenges
urban planning needs its own specific instruments
and procedures. These instruments have to reflect
current state of cities. Its urban dynamic, dynamics
of its inhabitants and communities, the necessity of
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competitiveness on national, regional and also local
level. These advanced instruments have to be able to
predict changes, understand this dynamics, be flexible
and able to react if necessary (Dolezelova, 2015:12).

We are in the Age of cities. The World is
undergoing urban renaissance as people
are moving to the cities in ever greater

numbers to build better lives.

Sustainability is a term that brought long term di-
mension and feedback loop in the time horizon of
urban planning. This sustainability is effected mostly
by two main factors — Resiliency in the form of stable
urban structure and Adaptability represented mostly
by flexibility and dynamic adjusting of city functions.
In the terms of urbanism meaning different land uses
(Dolezelova, 2015:12). Relationship between urban
structure (urban fabric, spatial city arrangement) and
content components (land use, urban functions) may
be called distribution of activities in the city. And
precisely these activities are what matters most. This
is what makes city a social and economical achieve-
ment of times and what architects and urban planners
should take care about.

Allocation of activities

This distribution of activities in urban environment is
determined by two main factor as Gunilla Lindholm
mentioned on AESOP annual congress in Prague. If
we simplify them these can be called as Localization
of common services in public interest and Allocation
of sources for maximal gain (Lindholm, 2015). Differ-
ence is of course between type of stakeholders or actors

Urban systems and speed of their change
(http://stranova.com/wpn2/portfolio-item/strate-
gic-planning-and-opportunity-analysis/)

Global urban population growth
(http://morphocode.com/data-urbanism/)

Global urban expansion
(http://morphocode.com/data-urbanism/)
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in the urban development and also between process-
es and mechanisms they use to decide and reach their
partial interests. In the firs case we can identify inner
tendencies for location of activities such as econo-
mies of scale, the benefits of even spatial arrangement,
search for balanced state between efficiency and equi-
ty, optimizing the location of public facilities.

In the second case of Allocation of sources for maximal
gain (individual deciding process for maximal yield in
the case of commercial activities) the guiding tenden-
cies, of course according to the specific type of activity,
are for example availability, agglomeration and aggre-
gation, competition, economy of scale. On the other
hand the problem is unbalance distribution of social
and economical advantages and benefits, load of envi-
ronment and problematic realisation to the planning
instruments possibilities (often restrictive character of
them). These mechanism are crucial inputs for locali-
zation of activity and the setting of process of deciding
the localization.

Growth of urban areas

Another theme connected with localization of activi-
ties and investments within the cities is the growth of
urban areas. This allocation of development is guided
strictly by market rules and by strategy named as Allo-
cation of sources for maximal gain, which is described
above. Regulations of governments are trying to force
this development into already build-up area but cities
are still growing and consuming the land. That is of
course connected with land management, land owner-
ship and facilitating the evolution of the city where it
is really necessary and not just where it is the best for
investors. To keep sustainable, economy and competi-
tive cities its is really important to think about reusing
of urban area, not just use and leave somewhere else.
Such a city can be more pleasant for its inhabitants,
can have better image for investors and can be less ex-
pensive to run and govern. This strategical approach
is called Circular Flow Land Use Management or also
CircUse (Birli, 2011).

BIRLI, Barbara. CircUse Teaching Material. Vienna: Environ-
mental Agency Austria, 2011.

DOLEZELOVA, Sarka. Distribuce kli¢ovych aktivit v Gzemi -
néstroje planovani. Published in Urbanismus a Udrzitelny rozvoj,
Brno: U&UR, XVIII - 6/2015.

LINDHOLM, Gunilla. The Urban Landscape as a Complex of Lo-

calizations. Accepted abstract for the AESOP conference. Prague:
AESOP 6/2015.
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Expansion of population in urban regions.

Data visualization project of University of Oxford
(http://www.viewsoftheworld.net/?p=4625)

Bc. Pavel Paseka | FA CTU | 2016 | Studio FLOW



2.2 Urban Data, Open Data and Data Driven Society

Today’s cities and governments still operate according to principles developed two centuries ago, during
the beginning of the Industrial Revolution. To address 21st-century problems such as exploding population
growth and climate change, we need new thinking. Big data and Urban data can deliver that thinking. The
digital breadcrumbs we leave behind as we go about our daily lives—which reveal more about us than an-
ything we choose to disclose—provide a powerful tool for addressing social problems. Yet concerns about
misuse of this data are of course valid. Before data mining can deliver a healthier, more prosperous society.
We need to crate such a security precaution on Data that gives individuals far more control over their own

information which are today real-time accessible.

It is obvious that whole new economy is forming
around managing, sharing and analysing of big data.
Urban data are sometimes called society’s nervous
system (Petland, 2013:33). The digital traces we leave
behind each day reveal more about us than we know.
This could become a privacy nightmare or it could be
the foundation of a healthier, more prosperous world.
Of course we need to keep our privacy, but we have
an unique opportunity to use these data to understand
today’s society, cities and design them for better future.

New thinking for new cities challenges

By the middle of the 19th century, rapid urban growth
spurred by the industrial revolution had created urgent
social and environmental problems. Cities responded
by building centralized networks to deliver clean wa-
ter, energy, and safe food. To enable commerce, facil-
itate transportation, and maintain order or to provide
access to health care and energy. Today in this century
are these old solutions increasingly inadequate. Many
of our cities are jammed with traffic. Our political in-
stitutions are deadlocked. In addition, we face a host of
new challenges like most notably, feeding and housing
a population set to grow by two billion people while
simultaneously preventing the worst impacts of global
climate changes. These new and unique 21st-century
problems demand 21st-century thinking. Urban data
can provide the base for this thinking.

Data provided by mobile phone networks, new infra-
structure of sensor, data from devices and internet of
things and other digital infrastructures are providing
us with a God’s-eye view of ourselves. For the first time,
we can precisely map the activities of large numbers of
people as they go about their daily lives. An based on
this mapping we are able to predict the behaviour of
society. For whole world ‘s population the hope is that
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we can use this new in-depth understanding of human
behaviour to increase the efficiency and responsive-
ness of industries, governments and cities. For individ-
uals, the attraction is the possibility of a world where
everything is arranged precisely for our convenience.
A health exam is scheduled as we begin to get sick, the
bus arrives just as we get to the stop, and there is never
a line at city hall.

Through data and analytics, city lead-
ers, stakeholders and citizens can gain
vital real-time insights from multiple
secure data streams (traffic, social me-
dia, devices and sensors that make up
the Internet of Things-IoT) to make
more accurate decisions, achieve
greater efficiencies, and respond faster
in emergency situations.

We can analyse the “digital breadcrumbs” people leave
behind as they go about their daily lives to dynami-
cally model aggregate human behaviour. This pro-
cess is called Reality mining as combination of term
Data mining and Real-time data accessibility (Petland,
2013:40). For example, GPS data collected from driv-
ers cell phones in a city can provide minute-by-minute
updates on traffic flow, allowing for more accurate de-
tection of road congestion and driving time estimates.
Watching these kind of data we are able to watch mo-
bility and appearance patterns within a cities.

We are a sociaty driven by data
(http://ComputingNow.computer.org)

Senseable City Lab MIT, LIVE Singapore! Using real-time data
(http://senseable.mit.edu/livesingapore/research.html)
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Digital public space and live urban data

Let’s describe more these data expressions and how
we can read them and use them for understanding,
reading and designing cities. A fine and clear analogy
was made by Ratti and Offenhuber. Think of an en-
counter with a friend on the street. You both stop and
exchange information - greetings, personal anecdotes,
the weather, etc. In the conversation you choose your
words based on your knowledge of the subject matter,
as well as your knowledge of your friend’s background.
When he frowns, you understand that he disagrees; his
gesture informed you he wanted to intervene and re-
spond. You stop to give him an opportunity to speak
up. You note that your friend is getting impatient when
he looks at his watch. He sees that you have noticed
his impatience and explains he has an appointment to
catch. All of this happens in real time, based on the
exchange of many tiny signals. We are able to capture
the dynamics of such interactions effectively, given the
signals exchanged are perceivable, strong enough to be
registered, and are understood by the recipient (Ratti;
Offenhuber, 2014:82).

We adapt to environmental information similarly.
However, it becomes more difficult with growing dis-
tance to the phenomenon of interest, or when its sig-
nals cannot be registered by the human senses. Now,
consider being able to read all these sources of envi-
ronmental information and base decisions upon them,
just as effectively as in the conversation with your
friend.

Urban space today is pervaded by digital networks and
systems, creating information that represents human
activity. While most digitally managed urban systems
generate operational data for their own purposes, they
normally do not share those data directly with other
systems or the public. As a result, digital information
representing human activity in the city exists in many
different places, locked within their specific domain. If
we are able to developed an open platform for the col-
lection, combination, and distribution of large num-
bers of such real-time data sources, encouraging de-
veloper communities to use these data streams for the
creation of meaningful and beneficial civic tools. The
available data used can be divided into three groups by
its source (Ratti; Offenhuber, 2014:85):

- data as a by-product of existing networks;

- data collected with tags or sensors;

- data actively shared by people.
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Urban data and individual privacy

As we refine these new capabilities through more so-
phisticated statistical models and pervasive sensing
systems, we could well see the emergence of a quanti-
tative, predictive science of human society and organi-
zations (Petland, 2013:45). At the same time, these new
tools have the potential to make George Orwell’s dys-
topian vision of an all-controlling state a reality. Con-
sequently, we must think carefully about the growth
and increasingly broad usage of personal data to drive
societal systems, and particularly about the safety, sta-
bility, and fairness of their design.

Relevant questions are of course regarding data own-
ership and individual privacy. Perhaps the greatest
challenges posed by pervasive sensing systems relate
to data are these ownership and privacy issues (Pet-
land, 2012:41). Advances in network data analysis
must balance creating value for data owners with pro-
tecting users’ privacy. That is essential. This data struc-
tures must not become the exclusive domain either of
private companies, in which case it will not contribute
to the common good, or of the government, which will
not serve the public interest of transparency.

The digital traces we leave behind
each day reveal more about us than
we know. This could become a privacy
nightmare, or it could be the founda-
tion of a healthier, more prosperous
world.

Similarly, we should enforce the use of anonymous
data and, when possible, aggregate results. Such re-
sults will not be able to be connected with individual
person who provided them. Robust collaboration and
data-sharing models must guard both consumers’ pri-
vacy and corporations’ competitive interests. As Pet-
land writes in his studies, You have the right to possess
data about yourself, you have the right to full control
over the use of your data and also you have the right
to dispose of or distribute your data. This is really key
topic reaching political and economical intrests which
must not be underestimated.

Using virtual networks is an integral part of our lives
(http://evolllution.com/opinions/using-data-to-drive-successful-learning-partnerships/)

Senseable City Lab MIT, Real Time Rome. Data visualization
(http://senseable.mit.edu/realtimerome/)

Bc. Pavel Paseka | FA CTU | 2016 | Studio FLOW



Possibilities of open data

Open Data are the raw material for a new industrial
revolution (Bocek; Mracek; Mynarz, 2012:4). Open
data is available to all without distinction. With each
use their value is increased. By simply exposing these
data on the Internet become multiplying their value.
The most interesting way how to use your data invent
someone else, is worded one of the reasons for opening
them. It is impossible to predict whether it will be a
small or large firm, the research team or a state institu-
tion. With certainty, we know that the location on the
web gets public and private sector an opportunity to
assess the data. These statements are related with data
from institutes, companies or government data. Let-
ting them open and enabling anyone to use them is the
first step to facilitate dynamic growth of growing busi-
ness and as result create an attractive and comfortable
conditions for urban populations.

Regarding government data, when government opens
them it say something about its attitude to the public.
All these data can be used unlimited, all is transpar-
ent. Czech republic is lacking this attitude comparing
to other countries like USA, Germany, Austria or Es-
tonia. This type of data can be a catalyst for a new way
of competitiveness. Competitiveness of the Czech Re-
public in the last five years has stagnated or decreases.
There is an agree on that study by the Ministry of in-
dustry and trade, NERV and the OECD. They agreed
on the fact that one of the impulses to revive is the
openness of the government authorities. Compared to
other solutions in addition by far the cheapest. These
mechanisms of the growth of competitiveness are the
improving the quality of public services, greater trans-
parency and openness in public administration, data
as a new source of business opportunities, improve
communications agencies together (Bocek; Mracek;
Mynarz, 2012:12-14).

As an example we can list a few world open data pro-
jects (Pirnerova ; To$ovsky, 2015:16-17) like Number-
hood (UK), which combines more than 70 statistic
information about locations. Brings together data on
local level like crime, unemployment, or quality of
health care. Walkonomics (UK) An application that
finds most pleasant walking path between two points.
Includes walks parks and alleys. Besides London, it
operates in six other cities, for example, Paris or New
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York. Or another application to be mentioned is Crim-
eReports (USA). This is a map through which the user
can enter a crime that was just committed in the im-
mediate neighborhood and also to monitor the cur-
rent situation. It is also possible to see the history of
crime in the city, so you can easily guess where to go
and where youd rather not. This can also be helpful for
scheduling police patrols or even for optimizing distri-
bution of the police stations.

BOCEK, Jan; MRACEK, Jakub; MYNARZ, Jindfich. Oteviena
data: Pfilezitost pro Ceskou republiku. Prague: Open Society
Fund, 2012.

PETLAND, Alex. Society’s Nervous System: Building Effective
Government, Energy, and Public Health Systems: IEEE Comput-
er Society, 2013. Available at:
http://ComputingNow.computer.org

PIRNEROVA , Helena; TOSOVSKY, Michal. Oteviend data: Jak
¢esko umi vyuzit potencialu, ktery ma internet. Ekonom. Prague:
Economia, 2015.

RATTI, Carlo; OFFENHUBER, Dietmar. Decoding the City: Ur-
banism in the Age of Big Data. Basel: Birkhduser, 2014.
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SmellyMap of London. Example of innovative exploitation of Open Data
(http://goodcitylife.org/smellymaps/index.html)

SOM. Real-time visualization of bikeshearing data
(http://skidmoreowingsmerrill.tumblr.com/post/115597699049/beautifully-mapping-bike-share-data-big-data)
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2.3 Smart Cities

Smart cities appeared in late 80s as a means to visualize urban context and they evolve fast since then. Smart
cities can also be synonymous with intelligent cities, information cities, data cities or virtual cities. But always
the meaning of this title is connected to data and theory that brings much more immediacy to our under-
standing of urban environment. In the history of urban studies and planning, most theories and their appli-
cations have focussed on the long term. On what happens in cities measured over months and years, certainly
not over hours, minutes or even seconds. Such a data sets which are now available are certainly enriching our
experiences of how cities are functioning, and it is offering many new opportunities for social interaction and
more informed decision-making with respect to our knowledge of how best to interact in cities.

A smart approach to architectural and urban design
could have a profound effect on our cities and com-
munities, on how they are designed and how they look
and operate once they are designed. An intelligent use
of data could help to design places which respond ef-
fortlessly to public need or reduce and reuse excess en-
ergy. From an architectural perspective the clear ben-
efits from using data. This could help to realise better
designed places and better design processes. Such a
smart approach can develop a common language and
accessible platform that would enable datasets to be
evaluated in relation to one another. That could help
designers and architects understand and respond to
dynamic changes in urban environment.

Why Smart Cities?

Against the background of economic and technolog-
ical changes caused by the globalization and the in-
tegration process, cities in Europe face the challenge
of combining competitiveness and sustainable urban
development simultaneously. Very evidently, this chal-
lenge is likely to have an impact on issues of urban en-
vironment quality such as housing, economy, culture,
social and environmental conditions. So these are the
key areas of interest of Smart Cities.

The models of Smart Cities can be applied on a city
or town of every scale and every. Although the met-
ropolitan areas and cities in them are the most appro-
priate for application of such a theories due to amount
of data which is produced in such urban areas, num-
ber of data sources and dynamics of these cities which
need a let us say ,smart approaches® The term Smart
City has became a kind of buzz word these day. Poli-
ticians, architects, activists and businessmen are using
it how they want and how is advantageous to them.
Therefore in more pragmatic way we can evaluate the
level of Smart Cities, we can benchmark them and
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continuously adjust the strategies and processes.
Through such evaluation we can understand what
smartness of cities is really about and that the term
»Smart City“ is not just a fancy word.

Dimensions of Smart cities through
its data instruments meet built envi-
ronment and refer to the following:
Environmental protection (Quality),
Resources’ capitalization (Capacity),
Coherent regional growth support
(History and Landscape).

Evaluation of smartness

There are several possibilities of how the level of
smartness can be evaluate. More evaluation processes
are emphasize social environment, happiness of ur-
ban population, other focuses more on environmental
qualities of cities. In this theses let me introduce the
evaluation model that explores the matter compre-
hensively. At Vienna University of Technology, De-
partment of Spatial planning (TUV, 2015) they have
developed a process of evaluation and benchmarking
of Smart Cities based on clear and obvious factors.
On this department the scientists and architects are
dealing more with European cities. But their results
can be adjusted and applied also on cities all around
the world. The partial results of evaluated cities can be
seen and benchmarked on their website.

This city evaluation model defines a Smart City is as a

city well performing in 6 key fields of urban develop-
ment, built on the ‘smart’ combination of endowments

11

Interconnected principles of Smart Cities
(http://flowingcity.com/visualization/london-flowprint/)

Smart Urbanism

When top-down systems evolve to be conducive to bottom-up
(http://www.smarturbanism.org.uk/)
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and activities of self-decisive, independent and aware
citizens: Smart Economy, Smart Mobility, Smart En-
vironment, Smart People, Smart Living and at least
Smart Governance.

So for every single city there is a 6 key factors, 27 do-
mains and for them 90 indicators. As the indicators
evolve in time so does the final level of city. So to
enforce the quality development and achieve a good
position, the cities have to aim on identitying their
strengths and weaknesses as well as to identify their
chances for positioning and to ensure and extend com-
parative advantages in certain key resources against
other cities of the same level. City rankings are a tool
to identify these assets . Although they are quite com-
mon in recent time, current rankings are very different
in their approaches or methods.

Platforms for Smart Cities

The challenges civic leaders are facing today can ne-
gate some of the elements that make cities attractive
in the first place. While these challenges are not new,
their scale and intensity are increasing. Even more
difficult can be trying to address these issues in the
face of financial constraints, administrative complex-
ity, and expectations of rapid return on investments.
Within individual city domains, the stark challenges
and rising citizen expectations include: Digital cities
challenges, challenges of safer, healthier and educated
cities or these related with sustainability

It is not surprising world-leading compannies in the
field of network communication and IT are aware of
importance and possibilities of Smart Cities. While
cities are already well on their way toward modern-
izing their technology infrastructures, they will con-
tinue to face growing challenges as migration trends
and citizen demands for services increase. Microsoft
CityNext is the platform to help cities meet these chal-
lenges and provides solutions that focus the most im-
portant technology trends—cloud, big data, mobile,
and social technologies:

Through the cloud, cities can connect public and pri-
vate data sources with the privacy, security, interop-
erability. Through data and analytics, city leaders can
gain vital real-time insights from multiple secure data
streams—such as traffic cameras, social media, and de-
vices and sensors that make up the Internet of Things
(IoT)—to make more accurate decisions, achieve
greater efficiencies, Through secure mobile devices
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such as sensors, smartphones, and tablets, cities can
reach citizens anywhere, anytime, and on any device.
Citizen-centric applications enable people to direct-
ly engage and interact. Through social media such as
Twitter, Facebook, and Skype, cities can open two-way
dialogues with citizens and businesses to better inform
them and understand their needs.

The informational platforms (similar provided also by
Cisco or Siemens) can help the cities to get the most out
of these technology trends and can help to transform
a city’s operations and infrastructure, engage citizens,
and accelerate innovation to create more sustainable
cities - places where citizens, businesses, and govern-
ments can communicate and work with one another.

How to became a Smart City

There are great opportunities for designers and plan-
ners to use data and digital tools for better design. Of
course including making data available, opened, and
developing tools to use that data in design. Royal In-
stitute of British Architects formulated three basic rec-
ommendations for British cities to begin this process,
which are possible to apply also on other cities (RIBA,
2013, 18-19). These recommendations are intended
more for governments and city managements as the
main force in the field of urban planning:

Better coordination between government departments
to work together to realise a smart future. The focus
is operational and needs to look beyond the manage-
ment of cities to their design and development. Gov-
ernment departments therefore need to talk to each
other to ensure data duplication is avoided and that
gaps in data collection are identified. This would help
the government develop a more holistic framework
for smart data capture and analysis that incorporates
lower level data, particularly that relating to the built
environment.

Facilitate the digitisation of the planning . As part of
its Open Data initiative the government should model
and explore the potential benefits of a digital planning
process. Government should scope how it can stand-
ardise the digitisation of all information submitted for
planning, and of standardising design data collection
across local authorities. This public data should be
open to unleash economic growth. And local authori-
ties should be encouraged to use open data to inform
local planning strategies.

12
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The national governments should commit to work
with professionals to incorporate and develop smart
design data specific to the built environment. To over-
see the digitisation of planning governments needs to
work closely with the built environment industry. The
Departments, Communities and Local Governments
along with organisations dealing with Open Data or
Smart Cities should jointly set up a working group
with built environment professionals and academics.

Planning Smart Cities

What is most interesting about Smart cities theory in
relation to this thesis is how it can be applied in and
translate to urban planning, spatial development and
more quality urban design. Throughout any process
huge amounts of data is assembled. Sometimes these
are site specific, such as density and area calculations,
but often have wider technical relevance to variables
like transport accessibility, air quality, noise or flood
risk assessments. Although many of these information
are available online, these tend to be buried in scanned
documents and PDFs. Thesw data could be used more
intelligently if they was collected and stored in more
appropriate formats. This level of smartness is still
missing. Every planning authority across the country
is scrambling to evaluate land supply and make strate-
gic decisions about where housing should be located,
but policy makers do not necessarily have sufficient
base information to make good decisions about site
suitability or housing quality. If essential data were
available and accessible, we could build a much better
process for delivering build-up environment quality.

And we can go even further. If we deal with a city as a
smart one, why not to use these informations and pub-
lic-private cooperation for more flexible and respon-
sive urban planning, urban design and even building
construction processes? Why not to push further the
meaning of smartness to have more sustainable, flexi-
ble, compact and liveable city environment forms?

Microsoft CityNext. Empowering Cities and Citizens. Microsoft
Corp., 2015.

RIBA - Royal Institute of British Architects. Designing with data:
Shaping our future cities. London: RIBA and ARUP, 2013.

TUV - Vienna University of Technology, Department of Spatial
Planning, SRF - Centre of Regional Science. EuropeanSmartCi-
ties 4.0. TUV, 2015. Available at:

http://www.smart-cities.eu/?cid=5&city=47&ver=4
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Developing Smart Cities stands on high quality and permanent

information gathering to secure most efficient solutions and decisions

(http://findbiometrics.com/nec-smart-city-tirupati-27282/)
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2.4 Urban Modelling, Urban Prediction

Urban modelling systems are not widely used in middle Europe planning practise. The benefits of its using are
rather used in western European countries or USA, where these have much greater tradition. We can divide the
urban environment models into two main groups regarding the scale and complexity. First group is Complex
urban simulation methods and second are more flexible and more simple systems which are dedicated to help
or attest local spatial planning activities. An other distinction can be based on the predestination of modelling
results. There are models which are more dealing with Emergent or self-organising behaviour and its conse-
quences for build-up environment, others are more or less considering the urban planning, land use definition
or building regulations as strict elements controlling territorial development. But always the key theme is avail-
able data structures which can be used for evolution simulations.

Urban Models are representations of functions and
processes which generate urban spatial structure in
terms of land use, population, employment and trans-
portation, usually performed in computer programs
that enable location theories to be tested against data
and predictions of future locational patterns to be gen-
erated. (Maier, 2012:211)

It this term Urban Modelling is the process of identi-
tying appropriate theory, translating this into a mathe-
matical or formal model, developing relevant comput-
er programs and then confronting the model with data
so that it might be calibrated, validated and verified
prior to its use in prediction.

First urban planning computational models appeared
already in 50. and 60. of 20th century. The rise of these
models were caused by several reasons. According
to Maier we can identify three main of them (Maier
2012:207). First was general change in urbanism theo-
ries and thinking, which transferred from spatial con-
sequences perceived as art design to urban planning
as applied scientific method. Planning of cities and
regions became complex scientific discipline consid-
ering social-economical aspects, traffic solutions, pub-
lic services or housing and recreation. Computational

modelling methods were manifestations this theoreti-
cal shift.

Another reason was of course development of com-
puters and information technology solutions. This as-
pect enabled the formation of many mathematical or
geometry theories latter used also in urbanism such as
cellular automata.

Third factor which affect the rise of urban modelling
systems was the huge increase of transport especially

individual transport. Increased mobility of people
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and goods and relative reduction of distances lead to
expansion of cities and unprecedented growth of built-
up environment. Also to an expansion of functional
regions and in some cases the transformation of city
to scale and importance of region. So the first genera-
tion of models was dedicated for metropolitan areas in
USA which were in the first place dealing with traffic
issues.

Models are simplifications of reality,
theoretical abstractions that represent
systems in such a way that essential fea-
tures crucial to the theory and its appli-
cation are identified and highlighted.
Models act in accordance to enable ex-
perimentation of theory in a predictive
sense, and to enhance understanding
which may be key to predictions of sit-
uations in the future.

Simulation models used in practise and also the the-

oretical or academic models are always based on spe-

cific kind of data. As mentioned in previous chapters

urban data are really key topic to understand and en-

hance today cities. Regarding urban modelling we can
identify several sets of commonly used data: prognos-

tic data (population growth, economic activities etc.), Spatially-Explicit smulation of urban
socio-economic data (regarding households, reloca- growth through self-adaptive genetic
tion, location of jobs and housing etc.), real estate mar- algorithm and cellular automata
ket data (market valuation and its dynamics), housing m?ds:ggﬁontius 014
stock data (informations about the development of oc- (http://www.mdpi.com/2073-445X/3/3/719)
cupancy).
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In terms of cities, the kinds of urban theory that are
basic to the development of computer models are
those that are traditionally called location theories.
theories that propose mechanisms that enable indus-
tries, services and households to locate in space within
economic constraints of income and profitability. Lat-
er these traditional models have started beeing consid-
ered as loosened their link between theory and acctual
city. In essence, theories of the city system were found
wanting in that they did not reflect the diversity and
heterogeneity that was very evident in modern cities,
nor did they reflect the comparative volatility of ur-
ban dynamics suggesting that this dynamics could be
absorbed within a wider equilibrium. (Batty, 2009:8)
During the 1970s and 1980s, the aggregate static ap-
proach to theory of city and urban evolution model-
ling began to switch around to more bottom-up, de-
centralized or we can say emergent dynamics.

Introduction of urban plannig model

Now let’s introduce several urban models and their
empirical applications. According to Michael Bat-
ty we can identify three such classes (Batty, 2009:14-
16). First let’s say something about Land Use-Trans-
portation (LUT) Models. This class of models is built
around the aggregate static models of economic and
spatial interaction. Theoretical backgroung of these
models is rooted in regional economics, location theo-
ry and the new urban economics (classical macro and
micro economics equivalent), and in certain way also
in social physics as this can be said to embody social
theory. These models have been slowly adapted to sim-
ulate dynamic change although they still tend to gen-
erate the entire activity pattern of the city. Probably the
most highly developed of these models currently is the
UrbanSim model (Waddell, 2002:297-314). Among
others let’s point out the MEPLAN, TRANUS and IR-
PUD models.

Urban Dynamics Models is another class to be intro-
duced. First i tis important to say very few aggregate
dynamically temporal urban models have been ap-
plied empirically. After first attempts in late sixtees
the focus has been on theoretical developments of
non-linear growth and change which generate discon-
tinuities through coupled non-linearities, threshold
effects, or random perturbations (Allen, 1997). Gener-
ating a urban growth on micro-level through random
perturbations of non-linear structures and integration
of spatial interaction in models.
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Various attempts have been made to link such mod-
els to ecological dynamics (models of predator and
prey). Other attempts have also been made at fusing
the chaos of the logistic into spatial dynamics. But in
one sense, all these attemts regarding dynamics were
less applicable to the kinds of urban processes that are
characteristic of cities. As such they were simply the
path to more micro models and have been eclipsed
somewhat by spatial simulations of dynamic processes
whose scale is at a much more individualistic level as
embodied in agent-based modelling (Batty, 2003:10-
14).

The third class is Cellular Automata (CA), Agent-
Based Models (ABMs) and Micro-Simulation. This
last class which is attracting the greatest attention at
present involves models built around representing the
actions and behaviour of individual agents located in
space. As might be expected, there have been various
predecessor models in this category. Housing mar-
ket models constructed around individuals, market
processes, and developer decisions were developed
already in seventies. Other popular type of model
which has been applied empirically but has not been
used much for policy-making is that based on cellular
automata where agents are in fact cells which change
their land use cell state according to spatial ralations
or characterictics of neighborhood. Among thi sub-

Urban models should be rather frame-
works for assembling relevant infor-
mation, frameworks for formal and
informal dialogues where they are es-
sential tools in much more consensual
and participative processes of decision
support.

stantial number of applications few havebeen used to
test urban policies. One of the reasons is that trans-
portation is not taken in account or is even excluded
in such models. The main focus is of course on urban
growth and these models are tending to be indicative
rather than predictive. The other issue is such models
are primarily physicalist and almost ignore features of
the spatial economy such as house prices, wage rates,
and transport costs.
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An example of Land-use / transport
interaction model (LUTI) for deter-
mining corelations among airports

and rate of employment.
(http://www.mechanicity.info/research/

land-use-transport-interaction-modelling/)

Simulation of airport location im-
pacts. A large-scale activity-location
model of the Greater London region
is being developed in which all stages
of the model-building process—from
data input, analysis through calibra-
tion to prediction.
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There are some agent-based models on the land use
or activities level which enable predictions of future
urban patterns, but the main focus is at the very mi-
cro-level where local movements in terms of traffic are
being simulated. For example TRANSMIS as a hybrid
of agent-based simulations and urban activities.

One of the most important models is Michael Batty s
and Yichun Xie's, DUEM (Dynamic Urban Evolution
Model) wich is based on combination of GIS data and
cellular automata simulations. Authors present ways in
which land uses are structured through their life cycles,
and ways in which existing urban activities spawn lo-
cations for new activities. They also define various de-
cision rules that embed distance and direction, density
thresholds, and transition or mutation probabilities
into the model’s dynamics. Designed software produc-
es efective urban simulations consistent with GIS data
inputs, outputs and related functionality and of course
evolution in time (Batty, Xie, Sun, 1999:206-208).

Another model to mention is Swarm Urbanism pro-
ject by Stuart-Smith, Snooks and Podborsek (Leach
2009:56-63), which is theoretical swarm-based model
that resonates closely with the logic of emergence. For
example, authors refer extensively to multiplicities, to
packs of wolves and to the logic of the crowd. The idea
is that the population is not the individual. This model
touches upon the logic of the city itself as a space of
flows. Of course there is a lot more agent-based mod-
els (AMB) with different role of agents, using different
emergent algorhytms, with different relation to data
implementation, transportation systems or with ability
to market simulations or urban design configuration.

If we look back on the part describing using urban
data and its benefit for society understanding and pre-
dictiong of its behaviour, we can interconnect it with
urban modelling theme in a way to design fully da-
ta-driven spatial and socio-economical models of cit-
ies. Basic principles of such a models should be (Pet-
land, 2013:42):
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- Dynamics of models, so that they can be used con-
stantly and continuosly in a modeled system

- Reflect the structure of the phenomenon being mod-
eled meaning human social networks in most cases

- These models should be driven almost entirely by re-
al-time, real-world observations.

According to Petland these three principles imply that
social models should incorporate continuous obser-
vations of both agents and their network and their
mutual influences. Models that combine these three
principles consistently should perform better than tra-
ditional agent models or machine-learning math algo-
rithms. Unfortunately, most human behavioral models
are either agent models built largely from psychologi-
cal data or machine-learning models such as support
vector machines that do not capture the structure of
human social networks. Implying this real-time data
source shold enhance the prediction quality agent-
based models.

ALLEN, P. M. Cities and regions as self-organizing systems: Mod-
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Dynamic Urban Evolution
Model (DUEM) users
interface

Dynamic Urban Evolution
Model (DUEM) based on
cellular automata and
GIS data inputs

(BATTY, XIE, SUN .Modeling
urban dynamics through GIS-
based cellular automata.)
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2.5 Cities as Complex Self-Organising Systems

First lets clarify what is Complexity and what is its meaning for a City. Over the last twenty years, in science
and social science, and in policy analysis, indeed in general, we have realised that the world is an infinitely
complex place, not quite as understandable as we once thought it was through science. Hence the rise of the
complexity sciences. Key to this is the notion that systems and societies build and evolve from the bottom
up, and are not planned from the top down. This has happened because of many different forces coming
together: the demise of centralised economies/societies, The miniaturisation and individualisation of tech-
nologies such as the computer, the car, even mass housing, the growth of globalisation, the network econ-
omy, the idea that all of us acting individually make a difference and the fact that systems grow from their
elements (Batty, 2011:2-3).0f course its important to understand than when we are talking abou complexity
in cities, there is always some kind of top-down interventions and decidios, in oder to secure public invest-
ments and genereal public wealth.

The thing we have to is the Enter Time. Especial- But by far the most significant were notions made bit

ly when we are dealing with Generic Models, Mul-
ti-Agent Systems, Cell Systems and their application
in Cities (Batty, 2013:34-40). In the past most of this
science considering cities has been a timeless science.
A world in equilibrium, and the reasons are obvious.

Cities look like they are in equilibrium physically be-
cause of the inertia of the built environment, temporal
data were really hard to get and so on. In the 1970s,
there were many flirtations with Chaos and Catastro-
phe theory (studies of the behavior and condition of
dynamical systems that are highly sensitive to initial

later about how urban structures might be generated
similar to the way fractal structures grow. These fractal
theories were explaining urban growth using fractal
models. In fact a good deal of this was anticipated in
the early quantitative geography movement beginning
in the late 1950s where there was a concern for mor-
phology. And the implementation of these ideas was
generally based on cellular automata kinds of algo-
rithm (Batty, 2013:35).

Relying on multiple examples from

conditions - small differences in initial conditions blOlOgY and PhYSICS> the StudleS ShOW
yield widely diverging outcomes for such dynamical that SYStemS which follow emergent
systems which makes long-term prediction in gener-

al impossible)(Kellert, 1993:32). Or with Bifurcation ~ MOrphogenesis processes (action and
theory (theories of changes in the qualitative or topo- adaptation) such as cities arrive at

logical structure if a change is made to the origin pa-
rameter values — which is causing a sudden change in
behaviour) (Blanchard; Devaney; Hall, 2006:96) and
some models were developed theoretically.

These researches and tendencies led to integration of
the phenomenon of the Time in the urban sciences and
generely in how we currently think about the cities.
But in the seventies and eighties the progress was slow
and as probably the most significant we can mark the
embedding of predator-prey models theory into simu-
lating rapid growth (non-linear, differential equations
frequently used to describe the dynamics of biological
and ecological systems in which two species interact,
one as a predator and the other as prey - according to
these equations the populations change through time)
(Hoppensteadt, 2006).
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complex forms.

To conclude, we have seen that urban planning is a re-
sponse to scale problems created by spontaneous urban
growth. Urban planning then creates its own inverse
scale problems. Naturally complex structures, which
work at every scale simultaneously, are the outcome
of emergent geometric rules. Therefore, each aspect
of the urban development process must be redesigned
with such rules to achieve an emergent urbanism that
will resolve all scale problems. So when we are talking
about Complexity in the cities, we can conclude it into
these three main factors (Héllie, 2010:42):
-Complexity means solving problems at every scale.
-Emergent geometric rules are necessary to create
complex cities.

-Each aspect of the urban development process must
be redesigned.

17

Characteristics of organic urbanization
(Héllie. Emergent Urbanism: The role of urban com-
plexity in the practice of urbanism. 2010.)
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Application of complex theory to science of cities is
than obvious. So here is a question now: how can we
now incorporate an emergent urbanism to city plan-
ning and decision making? We have to redesign the
role of each actor in planning and designing process
or more general in the production of cities, and the re-
build whole process starting from the small-scale and
extending it to the large-scale (Héllie, 2010:32). Indi-
vidual actors and their decisions and demands are cru-
cial to understand an incorporate to whole planning
process to secure an adequate spatial organisation. As
Héllie sets, we have to:

- Rethink the role of the homeowner in house building
- Rethink the role of the developer in subdivision

- Rethink the role of public works in the network

- Rethink movement entirely

An most important conclusion should be architects
and urban planner should not design and draw the
plans anymore, they should be designing and devel-
oping system. The complex planning system which re-
spects processes and interconnections of modern cities
and their dynamics. In previous chapters challenges of
modern cities were mentioned and a attitudes how to
face them (see chapters Smart Cities or Urban Data,
Open Data and Urban Dynamics). To be really able
to face them and secure resilient and adaptable cities,
complex and more holistic point of view have to by
applied in every level of spatial planning and architec-
tural design.
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Characteristics of evolution of urbanization of urban space organization
(Héllie. Emergent Urbanism: The role of urban complexity in the practice of urbanism. 2010.)
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2.6 Urban Dynamics, Social Physics and Dynamics

Social physics as a term is over two centuries old, yet the challenges are really contemporary and modern as
they relate to ethical dimensions surrounding Big data and policy making. According to Alex Pentland, it
is a quantitative social science that describes mathematical connections between information and idea flow
on the one hand and people’s behavior on the other hand. Social physics helps us understand how ideas
flow from person to person through the mechanism of social learning and how this flow of ideas ends up
shaping the norms, productivity, and creative outputs of our companies, cities, and societies. This Social

physics theory is accopanied with an extensive use of Big data, available about all aspects of human life.

Social Physics is when social science meets big data.
As big data from cellphones, badges, credit cards or
various sensors becomes available, it’s a little bit scary
for society, but it’s a gold mine for social science and
understanding of human behavior.

Humans have basicly two types of thought: one is Ha-
bitual, second is Attentice. In the first type process of
human behaviour is fast, parallel, automatic and as-
sociative. In second type of attentive thought system
is the behavioral process slow, serial, controlled and
rule-based. The field of Social physics is dealing with
first type of system, with dynamics of Habitual sys-
tem. This al lis happening in certailn context, and also
meaning of time is importatnt (past-present-future
acting). In this context we can say that people mostly
learn by examples, not arguments. Their behaviour is
affected by this context.Social Exposure Predicts Be-
havior. We can see these networks for example by us-
ing sensors in smart phones. For example Proximity
Network, Call Network, Friendship Network or Co-lo-
cation Network.

Shaping Social Networks - Incentives that leverage
social influence. In this case one need to count with
global and localized externalities of group behaviour
- rewards that one gain from behaviour of others. This
phenomena is known as Peer rewars incentive. These
ideas were demonstrated on social financial trading
research social based financial trading was examined
and trading was considered as collaborative problem
solving. On these research is possible to see Idea-Be-
havior Flow and there is also possibility to count the
probability of it and see the influence of social network
on it. This can be later use for prediction of return on
investments. In this case it is known that decision ac-
curacy dependes on diversity of informational sources.
The patterns of social ties and their importance on ef-
fectivity of performance of whole group was also ex-
plored. We can associate this with effectitity of

D.U.M. | Dynamic Urban Model - 2. Research

businisses, companies, or also nighborhoods, clusters
or even whole cities. In this case a level of engagement
is the key factor. Density of sharing of information
within group. Also the meaning of Big data phenom-
enon and its importance for social studies and studies
of urban behaviour is underlined in Petland ’s research
(Petland, 2013). We can use these data to understand
the needs and the behaviour of city users and the dy-
namics of this behaviour. Also understanding people’s
interactions in the generated social networks. But first
we need to collect adequate amount and quality of data
from individual 's devices, smart phones etc.

In Summary, Social Physics is a serious attempt to ben-
efit from big data about transaction of people. It gener-
ate new interesting results concerning human behav-
ior. To study idea flow is essential for understanding
social change. Many aspects of human behavior are
more related to the frequency of interaction than to
the content of communication. Still to understand so-
cial change one has to study also novelties, innovations
and intellectual breakthrough.

Critiques of Petland ‘s work such as Antti Hautamaki
postulates that we need also “slow sociology” study-
ing deviations and creation of new knowledge - the
impact of thinking. To practice Social physics alone
means dehumanization and naturalizing social scienc-
es. There is a question how is knowledge created. It’s
created in the process of collaboration and it is a result
of co-creation. In this sense taking idea flow as a cen-
tral concept of Social physics is appreciated. But new
knowledge is also a product of individual thinking, of
individual capabilities (Hautaméki 2014:6).

HAUTAMAKI, Antti. Social Physics studies idea flow by big data.
A critique of Alex Pentland’s new book. Helsinki : University of
Helsinki, 2014.

PETLAND, Alex. Reality Mining and Shaping Behavior. Mitchi-
gan: MIT, 2013.
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3. Design Tools

3.1 Multi-Agent Systems (MAS)

These systems are in general simulated environment where there are interactions among individual actors - so
called agents. These interactions are among particular agents as well as among agents and surrounding environ-
ment. Whole process is simulating intelligence, behaviour and decisions much greater than separated individu-
als. The importance of these systems and simulations is in the resulting behaviour of whole system. Sometimes
are MAS understand as new paradigm for conceptualization, design and implementation of software systems
especially these in open environment (such as virtual environment or internet). Thanks to the interactions
during simulations the final behaviour of system is different every time the simulation starts. Agents are always
reacting to current state of all algorithm inputs. MAS are resembling living ecosystems such as flocking of the
birds or fishes (Petr$, 2013:50-51). In some MAS the intelligence and strategy of individuals is often suppressed
(more importance is given to the behaviour of crowd as whole), in others these individual tactics and strategies
are base of the whole modelling (Game theory, Mechanics design theory). During developing of D.U.M. both
of these systems were used.

Of course it depends on the setting of behaviour, lev-
el of interactions, amount of agents and surrounding
environment. Through these systems it is possible to
simulate decisions of crowd, which is of course com-
posed of individuals. Therefore these systems are used
for modelling of crowd behaviour in all kinds of spatial
conditions, decisions in economical systems, transport
simulations etc. Sometimes MAS are considered as the

adays rather in their experimental form. In the future
MAS are anticipated and planned for construction of
structures which are composed of self-assemble units.
MAS have already been used for guiding of drones
which are constructing specific designs of structures
and buildings. There are also intentions and tests of
combining 3D printing technologies and MAS.

most simple form of artificial intelligence. Main fea- MAS are capable of modelling how in-
tures of MAS are: dividuals interact and how structures
“Each agent is autonomous emerge through such interactions, in

-Each agent has limited and incomplete infor- terms Of b o th the SOCial an d physical

mations or abilities of problem solving and has
just limited point of view
-There is no global guidance of the system simulation
(agents are acting by themselves)
-Data, according which agents are deciding, are
decentralized
-The calculations in algorithm are processed in asyn-
chronous way

Today we can say than MAS has grown to the level of
their maturity. They are used in many fields as mean of
communication between human and computer. These
fields are for example flying (driving non-pilot systems
like drones), logistic and transportation (simulating
and planning of traffic or transportation of energy and
materials), social networks, economics (behaviour of
crowd) and also architecture and urban design, now-
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environment of cities.

The MAS employed in this work are also called Boids.
It was invented and published by Craig Reynolds in
1987. The name of the MAS is derived from term
»bird-like-objects®. As other MAS this system is based
on interactions among agents and environment. The
main regulations of behaviour are Separation, Cohe-
sion and Alignment. Other main rules which are used
in designed script are Seeking (Attracting) which is
something what the agents are searching for and also
in some simulations Obstacle (Barrier) which are some
areas from which the agents have to stay away.

Separation is a parameter that serves for preventing
of segregation of individuals from the flock. Cohesion
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Swarmurbanism project
(http://www.kokkugia.com/swarm-urbanism)
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represents the behaviour of individuals moving into
the center of gravity of the flock. Alignment is a pa-
rameter to track other individuals in the flock and stay
with them

Strategic behaviour of agents

The agents employed for simulating of decisions of
investors with specific demands for allocation of their
investments designed in D.U.M. script are based on
protocol for strategic agents called Mechanism design.
Unlike MAS based on Social choice theory, which
are non-strategic (these systems take the preferences
of the agents as given, and investigates ways in which
they can be aggregated). Mechanism design is a stra-
tegic version of Social choice theory, which adds the
assumption that agents will behave so as to maximize
their individual pay-oftfs (Shoham & Leyton-Brown,
2010:273-280). For example in an election individu-
al agent may not vote their true preference but what
is best for his yield. We are assuming that the agents
are self interested, in general they will not reveal their
true preferences. As a designer of D.U.M. the inten-
tion is to find an optimal outcome with respect to the
true preferences of individuals (agents). So the further
procedures, when all is done in accordance with the
declared preferences, will not in general generate any
objections. And that is why strategic Mechanism de-
sign principles are used for prediction of allocation of
private investments.

Let’s explain the term Mechanism design bit more. It
is a field in economics and game theory that takes an
engineering approach to designing economic mecha-
nisms or impulses, toward desired objectives, in stra-
tegic settings, where players act rationally (Borgers,
2008). It has broad applications, from economics and
politics (markets, auctions, voting procedures) to net-
worked-systems (internet inter-domain routing, spon-
sored search auctions).

BORGERS, Tilman. An Introduction to the Theory of Mecha-
nism Design. Preliminary draft. 2008. Available at:
http://www.econ.yale.edu/~dirkb/teach/521b-08-09/read-
ing/2008-mechanismdesign.pdf

PETRS, Jan. The Swarm Tower. Diploma Project FA CTU. Prague:
CTU Faculty of Architecture, 2013.

SHOHAM, Yoav; Leyton-Brown, Kevin. Multiagent Systems:

Algorithmic, Game-Theoretic, and Logical Foundations. Cam-
bridge: Cambridge University Press, 2010.
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3.2. Big Data Analytics

What actually is big data? We are all aware of the term big data but not everyone knows what it means, and
even fewer people know how to manage and analyse it to improve decision making. And this is related to any
field you can imagine. When we search for people working with data to explain what it means to them we dis-
covered it means different things to different people. We typically think about big data in terms of volume or
the amount of data. We know we are facing problems as a result of the ever increasing availability of data or the
data explosion. But let s not look at this enormous amount of data as a problem. Let’s perceive it rather as a new
possibility. The promise of Big Data Analytics is to help us to answer specific problem, which can then be used

to make informed decisions.

However, we might already begin to see it is much
more. We can also think about big data in these terms
(QUT, 2016):

- Variety: data in many forms. Different types (struc-
tured, unstructured), data sources (internal, external,
public), data resolutions.

- Velocity: data in motion. Speed of data generation,
speed of data handling and processing.

- Complexity: different sources, different formats, dif-
ferent forms. Data can be small in size but very com-
plex, so it pushes the boundaries of current computa-
tional and analytical algorithms.

- Veracity: data in doubt. The varying levels of noise
and processing errors.

analysing the data. And that is the same problem we
face also in the terms of urban planning, urban design
and architecture. Inconvenient data sources and relat-
ing them to our area of expertise.

Now what to do with data? In general way, firs we need
to analyse them. According to wikipedia Analytics
is the discovery and communication of meaningful
patterns in data. Or more precisely in our commer-
cial world predictions used to recommend action or
to guide decision making rooted in business context.
Analytics requires many tools used in science such as
data modelling, machine learning, optimisation algo-
rithms, visualisation, etc.

- Value: cost of data Big Data is like having an access to the
Many organisations know how to manage and analyse whole box of crayons. With the I'lght
data that are familiar to them that might seem ‘big’ to knOW h()W and SklllS thlS allOWS to con-
thers. F le, tial ialist might kn . .

D e e o ToY struct a complete and detailed picture.

how to manage satellite data or land cover data. Hos-
pitals might know how to manage Computed Tomog-
raphy or Magnetic Resonance Imaging scans. Business
analysts might know how to analyse social media data.
However, when the number of satellite images or med-
ical scans increase and their resolution improves, or
the amount of social media data explodes, even these
familiar data sources become inconveniently large.

Moreover, when the analyst wants to use satellite im-
ages to improve business intelligence, or the hospitals
have the opportunity to use social media to learn about
patient experiences and outcomes, then they lack ex-
perience in dealing with these inconvenient data
sources. Importantly, our traditional data tools are no
longer sufficient. We need new ways of managing and
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Data to decisions

Analytics and integration support decision making
based on data. The data to decisions model provides us
with an insight into the data types, models, tools and
processes that support the pathway shown in the big
data wheel. We begin with the scientific data layer, the
foundation that includes all of the data being generat-
ed in structured or unstructured formats, from various
sources such as sensors, images, point clouds, social
media, etc. This is our big data.

On that we can build our analytics layer, which in-
cludes all of the models that are doing the processing
or computing. They can be statistical functions, feature
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Chicago - the city of Big data
(http://dataconomy.com/chicago-city-big-data/)

Cities and Big data analytics
(http://raconteur.net/big-data-2013)
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extractions, image analysis, etc. As an outcome, the
data size is slightly or substantially reduced.

The integration layer is responsible for putting things
together, parts of different compute algorithms, results
to interplay with each other to give a final result for the
decision-making layer, in the form of visualisation, or
a number that can be presented (for example, on the
web in a mobile app).

There is no doubt that we are facing a data explosion.
At first need to stop confusing data and information.
Data is the collection of observations. Information is
the intelligence we gain by processing this data with
relevant tools. Big data as a means are useful for ex-
ploring the hidden connections among the multitude
of complex, non-linear and interconnected systems
which surround us. We have so much data available
now that standard statistical and mathematical tech-
niques are not well suited for managing such large
quantities of them. With respect to modelling, the fo-
cus has turned from traditional statistical and mathe-
matical models to more scalable techniques that can
more successfully accommodate the large sample sizes
and high dimensionality (QUT, 2016).

The Great Barrier Reef Example

Big data is everywhere, and is for everyone. But, how
can we actually use big data to make decisions? A field
that can benefit greatly from the use of big data is the
environment. And it doesn’t matter if it is urban or
natural environment. Both have their specific qualities
and elements to measure, but in general it is always
the environment that surrounds us. Let us take a closer
look use on Big Data analytics on a natural environ-
ment. These data are related to the Great Barrier Reef.
Australia is home to the world’s largest coral reef sys-
tem, the Great Barrier Reef. Composed of over 2900
reefs and 900 islands spanning over 2300km, it is one
of the most diverse ecosystems on the Earth. However,
due to its large size, monitoring different trends in the
reef becomes very difficult. Difficult but still possible.

At QUT researches are developing mathematical and
statistical models that use big data to better under-
stand environmental impacts and trends in biodiver-
sity on the Great Barrier Reef. They obtain data from
a variety of different sources including observations,
sensors, images and the internet (Great Barrier Reef
Program, 2016).
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From this data scientists are able to make predictions
about evolution and decisions about how a man should
or should not impact into this complex natural system.
The program enables anyone who visits the Great Bar-
rier Reef to contribute to its long-term protection by
collecting valuable information about reef health, ma-
rine animals and incidents. For this purpose a several
applications have been designed. These apps also helps
to draw the public deeper into environmental issues.

Complexity and organics of the Great Barrier Reef is
without any doubts or discussions. And in spite of this
fact, through big data analytics people are able to de-
scribe key processes, understand the evolution trends
and finally make a decisions how to react on all that
stuff. If this is possible in such an organic and complex
system which evolves itself regardless the instigation
of humanity, why these procedures can not be used to
assess the urban environment and cities?

BOLLIER, David. The Promise and Peril of Big Data, Washing-
ton, DC: The Aspen Institute, 2010.

Great Barrier Reef Program. 2016. Available at:
http://www.gbrmpa.gov.au/managing-the-reef/how-the-reefs-
managed/eye-on-the-reef

QUT, Queensland University of Technology. BIG DATA: From
Data to Decisions. Online education course. 2016.
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The data to decisions model supports our big data wheel
(Queensland University of Technology. BIG DATA: From Data to Decisions. Online course.)

How to deal with data - Big Data wheel
(Queensland University of Technology. BIG DATA: From Data to Decisions. Online course.)
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3.3. Complex Urban Design and Parametric Urbanism

Some planners are calling for a shift away from rigid, conventional approaches towards more complex, flexible
ones. They say, we have to rethink concepts of planning (Flint, 2015). We as an architects and urban planner
have kept on believing we could control growth by building elegant and liveable neighborhoods. But issues
connected with global phenomenon of urbanization are much more complicated. Since conditions in current
cities are connected with great uncertainty, planning and design in extension must be more versatile, flexible
and adopting more methodologies. This involves concepts bottom-up, crowd-sourced self-organization and un-
derstanding of spontaneous order. One key how to compete with current challenges is flexibility and not being
restricted by a strict and rigid plan. Another key is then so called ,letting-go approach’, in terms of traditional
structured urban planning thinking (Flint, 2015). When we cross these boarders of our minds, we will be able to
focus more on processes, organisation and life of the cities themselves. The role of an architect or urban planner

as an all-world creator must be abandoned to handle contemporary and future challenges.

The central idea is that cities are first and foremost large
social networks. In this sense cities are not just large
collection of individuals and their particular needs.
The are agglomeration of social links. Space, time and
infrastructure play a fundamental role in enabling so-
cial interactions to form and persist. In this term cities
can be demonstrated like they are natural systems that
evolve spontaneously in human societies under very
general circumstances, whenever there are open-end-
ed advantages to human sociality. In this sense they
are as natural as beehives or coral reefs, and should not
be thought of as a human artefacts to be redesigned at
will. An when natural systems have been mentioned,
why not to adapt findings and methodologies from

empirical findings of the science of cities, geography
and complex system, the proposed D.U.M. is devel-
oped.

The inherent limitations of the linear models of expan-
sion become apparent both in terms of the ecological,
the socio-economic, as well as the urban crises of the
1970s (Schumacher, 2010). The theoretical answer
was developed in the form of Complexity theory. That
came from analysing and simulating self-regulating
systems like evolving ecosystems. The same theoreti-
cal resources and computational techniques that allow
meteorologists to reconstruct and predict the global

natural sciences to understand complex interactions Cities are integrated SOCial networ kS
of urban environment? In previous chapter The Great embe d de d in a space an d time, an d re-

Barrier Reef example was mentioned, but that is just

a top of an iceberg. For understanding, characteriza- quire general adaptable properties f()r
tion and modelling of almost any population in the na- . .
their open-ended land use and infra-

ture whole sets of measurable indices were developed

which can be incorporated to complex urban theories. structure planning and development.

And there is no longer much of an excuse to ignore
many of measurable properties of the cities these
days. In terms of urban planning and urban design
this conceptualization of cities emphasizes the im-
portance of generative models, where local struc-
tures remained to be developed by agents possessing
particular goal and information. But must also be
constrained by the function of the city as a whole,
as open-ended network of social interactions, kind
of ,social reactor (Bettencourt, 2014). On this
theoretical background and also on measurable
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weather system and scientists to speculate about the
earth’s evolving climate are available to contemporary
urbanists and architects in their effort to meet the chal-
lenges posed by the ongoing socio-economic dynamic.
The task is to project the growth and transformation of
cities as a rule-based, largely self-regulating morpho-
genetic process (Schumacher, 2010). This emergent
preconditions of the city are “designed” via computa-
tional processes involving both generative processes as
well as in-built selection criteria in D.U.M.
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Ocean CN, Yan Jiao Hua Run, 4D City Masterplan
(http://ocean-cn.org/project/yan-jiao-hua-run-4d-city-masterplan/)
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It is not possible anymore to solve all issues of cities in
this complex and dynamic processes. A quite helpful
tool is computational urban planning. We should think
about this approach more as a tool to current urban
planning methods. Tool that can fulfil formalized de-
sign of urban environment automatically. These tools
or systems already developed and tested are based on
solving complex task with the help of self-orginising
system and parametrical or also computational meth-
ods.

Adaptive urban planning

As an example of such computational urban planning
system let’s mention a system called DSE framework
developed by research team at Future Cities Labora-
tory, FCL in Singapore (Koenig; Klein, 2016), where
authors have used several data clustering algorithms
like self-organising maps and evolutionary many-cri-
teria optimization based on evolutionary algorithms.
As a result of their initiative a human-computer inter-
action concept of evolutionary optimization tool has
been developed (see conception on the right). Anoth-
er example of such an a adaptive and responsive par-
ametric urbanism is a work of Tom Verebes, who is
trying to implement dynamics of urban population
into proposed physical structures of planned built-up
areas. As the author calls it masterplannig of adaptive
cities. Also the connection human-software-design is
underlined in his work (Verebes, 2013). This is an at-
titude that is strongly emphasized also in this diploma
thesis and proposed D.U.M.

As authors of FCL computational urban planning sys-
tem are admitting, in their future work they want to
expand the integration of urban data in the planning
process, as the D.U.M. project is trying to, because in
future city planning, algorithmic modelling approach-
es will likely gain in importance as they have the po-
tential to exploit various large urban data sources. This
would enable us to achieve an even more holistic plan-
ning perspective. So all models or toolsets similar to
DSE or D.U.M. should be designed in a way that allow
the integration of new urban data types by adding new
generative and evaluation algorithms. The research ap-
proach presented in this diploma thesis shall be con-
sidered to develop design support and urban planning
tools that lead to a more adaptive and human-oriented
design approaches.
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All is happening very quickly in current cities. Ex-
ploitation of data and a more scientific approach to
cities will certainly help and therefore must by applied.
But the ultimate challenge for all of us involved in
urban planning and urban design is to translate, ap-
ply, and further develop these new ideas. And also to
promote such a types of urban environments that can
encourage and support the full potential of our social
creativity, targeted at sustainable and open-ended hu-
man and cultural development.

BETTENCOURT, Luis M. A. The Kind of Problem a City Is: New
Perspectives on the Nature of Cities from Complex Systems The-
ory. Published in: Decoding the City, Urbanism in the Age of Big
Data. Basel: Birkhduser, 2014.

FLINT, Anthony. Is Urban Planning Having an Identity Crisis?
CityLab, 2015. Available at:
http://www.citylab.com/housing/2015/07/is-urban-plan-
ning-having-an-identity-crisis/398804/

KOENIG, Reinhard; KLEIN, Bernhard. Computational Urban
Planning: Using the Value Lab as Control Center. Published in:
FCL Magazine Special Issue: Simulation Platform, Hightlights
2010-2015. Singapour: ETH Singapour SEC Ltd, 2016.

SCHUMACHER, Patrik. The Parametric City. Published in: Zaha
Hadid - Recent Projects. Tokyo: A.D.A. Edita, 2010.

VEREBES, Tom. Masterplanning the Adaptive City: Computa-
tional Urbanism in the Twenty-first Century. New York: Rout-
ledge, Taylor & Francis, 2013.
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Ocean CN, Parametric Pearl River Delta
(http://ocean-cn.org/project/yan-jiao-hua-run-4d-city-masterplan/)

Human - computer interaction concept
FCL Magazine Special Issue: Simulation Platform, Hightlights 2010-2015.
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4. Design

4.1 Dynamic Urban Model (D.U.M.)

Addaptive, flexible and responsive urban model which can be further extended to more eligible spatial planning
system which proceeds from actual requirements of urban population. From demands of inhabitants, residents,
labourers and visitors of specific locality. All these individuals and groups leave every day, every hour and every
second a virtual footprint through their behavior and acting in the urban environment. With the help of this
proposed model - D.U.M. - it becomes possible to read this virtual breadcrumbs, understand behavior of urban
populations and translate it to suitable virtual site speific design. The role of an architect-urban planner is then
moved to more abstract and strategic level. His job is to understand the socio-economical relations, investigate
urban population behaviour and set the correct connections among people-software-design.

This proposed model of urban evolution predic-
tion is primary based on data inputs. These in-
puts represents social interactions with urban
environment. How people behave, how they act,
what are their requirements and intentions with-
in the city. D.U.M. works with abstracted inputs,
which are core for understanding of urban envi-
ronment and relates them in complex way and as
a result it tries to predict urban growth or decline.
It also simulates a behavior of potential investors
in the area through strategic multi-agent system.
So the model is able to predict exact sites, where
the development is going to happen. And on these
sites it predicts a site specific uban form and also
buildings themselves. The model gets more de-
tailed qualitative data from inhabitants, labourers
and visitors of the neighbourhood of specific site
and through analysis of these big data D.UM. is
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able to design a virtual buildings which are the most
appropriate for specific locality. As people and their
requirements change in time, so does the data which
they are producing, and through this time-chang-
ing virtual footprint of people in neighborhood a
design of buldings is dynamicly changing to meet
people’s demands.

The whole model is of course abstracted, as any
model, so the software is enabled to work with
data and interrelationships among them. It was
a key task to choose which datasets are the most
important to develop as precise model as possi-
ble. After several experiments three most impor-
tant and relevant factors left. These are data-based
factors represented as Connectivity, Developa-
bility and Intensity of urban environment. All
these three factors are described more detailed

further in the text. Through these three data-based
factors a whole evolution of city is modelled. After
the prediction of growing, stabilized and declining
localities is done, the D.U.M. is adding other data
inputs to make a prediction as precise as. These data
are more related to how people percept the environ-
ment which is surrounding them. How do they (ne-
jsem si jista, ale podle mé je to spravné bez do, je to
oznamovaci véta; a pokud tam chce$ do, slovosed je
how they do feel) feel in certain locality, what makes
it attractive, how satisfied they are with physical
conditions in it. All these data are more subjective,
qualitative and more hard to be applied on a city
as a whole. But they are telling us a very important
information which we are able to use. These data
are related to immediate surroundings of specific
sites identified as developing by D.U.M. Intention
of these inputs in D.U.M. is to know exactly what
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are the public demand and requirements of urban
population on the smallest possible scale of build-
ing site neighborhood. This secures the suitability
of potential future development. Another step in
the model is a strategic multi-agent system. These
kinds of systems are more detailed described in re-
search chapter. In D.U.M. this system is represent-
ing the strategic behaviour of potential investors in
the city. It can also be used to simulate a decisions
only for a really specific type of investors. For ex-
ample a developer searching for social housing de-
velopment or large storage halls development, or
small investors who want to run a certain type of
services. Spatial conditions for such projects are of
course very different. But in proposed D.U.M. s the
behaviour of such a specific investors is not simu-
lated. The term ,,investor® is an abstracted element
which wants

D.U.M.
Table scheme of ultimate
data inputs and their correlations

Two examples are introduced - one
current and one potential building site
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to develop his own intended project and tries to find a
most appropriate site with the best rate of return of his
investment. When calculation of Connectivity, Inten-
sity and Developablity factors is completed, strategic
multi-agent system representing potentional investors
finds a specific developing sites, where additional data
inputs are collected and most appropriate urban de-
sign is proposed.

The model is not just a simple simulation of investors’
behaviour. In a way the model is also design, because it
works with idealized scenario. In this scenario a most
appropriate sites for development according to urban
conditions and according to city population require-
ments are searched and then also developed. So the
intensification, revitalization and reconstruction of
the city is secured. We have to understand the require-
ments of urban population and the businesses, devel-
opers or comercial companies which are all respon-
sible for ultimate spatial development. The D.U.M. is
combining both these ,types” of requirements and
tries to find the best solution and also urban design
for them. So the urban environment stays really urban.
Tendency of spreading of build-up area is therefore
limited, infrastructures can be minimalized and free
land can be preserved. More about this urbanistic and
urban planning starting-points can be foud in the first
chapter of research part of this thesis.

4.1.1. The Areas of Interest

For the first case study which tries to examine the
possibilities of data driven modelling, planning and
design the central part of Manhattan was chosen. In
this diploma thesis the D.U.M. of Manhattan’s " quarter
West Chelsea serves just as preparation for verifying all
possibilities. The fully working and complete proposal
of D.U.M. in this thesis is just second D.U.M. of The
Isle of Dogs in London. But due to full understanding
of my decision making process and designing process
I am presenting also the partial results and findings of
the preparation D.U.M. of West Chelsea in Manhat-
tan, where all successive steps were tested. As a kind of
guinea-pig all available urban data-sets were applied
and studied until reasonable results were achieved. So
already during work on D.U.M. of West Chelsea it be-
came possible to settle three main factors - Connectiv-
ity, Developability and Intensity.
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West Chelsea, Manhattan, NYC

The reasons why Manhattan has been chosen asalocal-
ity for pilot version of D.U.M. development are simple.
It fulfils the general requirements on characteristics of
area of interest: a part of city with high density, num-
ber of intended spatial investments, available urban
data sets, broad spectrum of spaces and functions of
urban environment. Since the government of the New
York City tries to work, create strategies and plan the
city development with the help of urban data and also
makes a lot of them available for downloading or at
least for looking through (as an example let me men-
tion these sources: https://nycopendata.socrata.com/;
http://maps.nyc.gov/doitt/nycitymap/template?appli-
cationName=ZOLA, etc.) so the New York was a sim-
ple choice.

Another important and also kind of inspiring reason
for Manhattan is that the local development policies
are based on neighborhoods in almost every aspect of
citylife. The local government realizes that the quality
community life, accesibility to all required services, job
accessibility and a positive image of neighborhoods are
the key factors. Key from social, environmental and
also economical point of view. The strategic document
Resilient Neighborhoods devoted to all the neighbor-
hoods in Manhattan is a general document addapted
into other strategies of other departements incorporat-
ed in spatial development (flood protection, building
regulations, zoning resolutions etc.). The specific main
goals of Resilient Neighborhoods strategy for locality
West Chelsea are following: reduce risks from natural
hazards, foster economically and socially vibrant com-
munities that are able to adapt to changing conditions,
and coordinate land use planning with rebuilding ac-
tivities and infrastructure investment (Department of
City Planning, NYC, 2013). The Neighborhood-cen-
tered view has a long tradition in NYC and if one
understands the challenges of modern cities and city
planning, he realizes that this decentralized city man-
agement approach should be more and more remind-
ed and applied.
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Area of Interest
D.U.M. of The Isle of Dogs,
London, UK

Area: 2.95 km2

Area of interest
of West Chelsea
in Manhattan is
approx. 2.6 times
larger than area
of interest of
The Isle of Dogs
in London. The
reason for this is
to test D.U.M. on
different scales

Comparison of
both areas of
interest in scale

Area of Interest
D.U.M. of West Chelsea,
Manhattan, NYC, USA

Area: 7.79 km2
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Furthermore, Manhattan is for decades researched and
investigated from the urbanism and urban planning
point of view. From the time of masterplanning the
world-known street grid of Manhattan, through era of
Jane Jacobs and Robert Moses to Bloomberg's success-
ful attempts to revitalize public spaces and make the
city more livable. Moreover a huge amount of data is
opened and available in NYC today, so it is possible
to find enormous amount of reseaches or data vizual-
ization projects which draw inspiration from virtual
footprints of New Yorkers. It starts with transporta-
tion systems and traffic modes real-time analysis, data
and information about consumption, environmen-
tal aspects of citylife or even criminality and safety,
health care or life quality and economical description
of neighborhoods and communities. On this account
Manhattan is an unique phenomenon.

The Isle of Dogs, London

The north part of The Isle of Dogs forms a strategically
significant part of London world city offer for finan-
cial, media and business services and is recognised as
a part of the Central Activities Zone for office policy
purposes, with Canary Wharf also functioning as a
Major town centre for London workers and also local
communities. The reasons for modelling urban evolu-
tion of this area are similar to Manhattan’s. In addi-
tion it is possible to find colourful mixture of functions
and land uses, social mixture and fully developed and
also vacant and abandoned sites, where new develop-
ment projects are planned. All these aspects makes this
area perfect for developing the D.U.M. and verifying
its results.

This area of interest is going to undergo a new wave of
development. Proposed transport investment includ-
ing Crossrail will allow this locality to accommodate
an additional 110,000 jobs by 2031. Improving public
transport accessibility and capacity in and around Ca-
nary Wharf is one of the public investments priorities.
Parts of the area have significant potential to accom-
modate new homes and there is a scope to convert sur-
plus business capacity south of Canary Wharf to hous-
ing and support a wider mix of services for residents,
workers and visitors. So the transformation of current
built-up area is on the agenda Issue which is in detail
solved in proposed D.U.M. Retail provision in Canary
Wharf has the potential to develop and serve a wider
catchment, complemented by a broader range of civic,
leisure and other town centre facilities. In some parts
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of locality there is potential for less car dependent and
more sustainable development form providing a wid-
er range of uses and functions (Greater London Au-
thority, 2011:267). According to London strategical
documents in this area the Mayor will, and boroughs
and other relevant agencies should develop sensitive
mixed use policies to ensure that housing does not
compromise strategic functions in the zone. Also work
with social infrastructure providers to meet the needs
of both local residents and that generated by the large
numbers of visitors and workers (Greater London Au-
thority, 2011:58-59).

Department of City Planning, NYC. NYC Planning, Resilient
Neighborhoods — West Chelsea. New York: 2013. Available at:
http://www.nyc.gov/

Greater London Authority. The London Plan: Spatial Develop-
ment Strategy for Greater London. London: 2011. Available at:
http://www.london.gov.uk/

4.1.2. Urban Data (Dynamics)

The behaviour of individuals and groups (in both pri-
vate and commercial sector) can be observed through
virtual footprint left by every day and in many cases re-
al-time. One of the most difficult tasks during working
on this thesis was to choose a proper data sets which
enables to read the relation between people and envi-
ronment they live in. First problem which was already
mentioned is of course availability of data. Especial-
ly data gethered by commercial business. Such a data
would make a great contribution to more accurate and
more real-time data based on urban evolution mod-
els. For example communication services data, finan-
cial data, relevant real estate data or data from energy
suppliers. Part of these data are also administred by
public governments and their companies, but insignif-
icant number has been opened yet. So one has to work
with what is available. Data sets used for developing of
D.U.M. can be subdivided into three main categories:
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D.U.M.
Work-flow diagram
of developed

Diagram of D.U.M. tool-
set and interconnections
among several software

Whole process is occurring
in cycles and regularly
repeated when new data
inputs appears
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- Urban Data 1 - Quantitative
geographical data (for determining centers /
subcenters)

- Urban Data 2 - Socio-economical data
(for determining economical rentability, de
mographical situation and its change etc.)

- Urban Data 3 - Detailed urban popula
tion data (for detailed understanding of urban
population requirements for development of
specific sites)

Urban Data 1 - Quantitative geographical data
Regarding the first category of quantitative geograph-
ical data, when I was going through available data in
several cities, I realized that the level of openness and
the type of data, which are left opened in specific city,
are the first indicators of how the real citylife looks
here and there. For example you can find a lot of data
sets regarding biking, bike sharing and bike-intended
applications producing streaming data in Copenhagen
or Amsterdam. In New York, which was the first case
study of D.U.M., there are similar opened data, appli-
cations and data vizualization projects related to taxi
driving. Or there are a lot of walkability data sets in
Stockholm. And as a last example let me also mention
criminality and safety regarded data sets, researches
and released smart devices applications for Brooklyn
in NYC. This gives you a first hunch which type of data
you should use for modelling the specific city.

In general it is also possible to say that any kind of data
which can be geographicaly projected can be used.
Of course the important thing is to choose the data
type which is the most representive for the modelled
city. In D.U.M. case study Manhattan taxi data, geo-
graphical data from navigation applications and data
from social network Twitter (this company is leading
in data openning policy) were used. Among these the
taxi data were the most detailed, as mentioned above.
Also public transportation data was considered at first,
but later on it shows that those data covered the same
locations as other data sets and brought no use. So be-
cause of work flow public transportation data was lat-
er exluded. For D.UM. of The Isle of Dogs as well as
for West Chelsea’s D.U.M. Twitter and taxi data were
analyzed. Also really relevant data related to biking,
bike routes and bikesharing. Also UCL reseach which
was analyzing and providing data from the other social
networks all over the London were used. Then a sev-
eral other data inputs were tested like online provided
“smell map“ of London or data sets related to jogging.
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Generating Centers - Subcenters Network

So these data sets were used to vizualize urban life
of one Manhattan neighborhood - West Chelsea.
They were also used to hierarchize the urban space to
centers and subcenters. In the case of Chelsea it was
easy to check if this hierarchization really corresponds
to what one could have expected, because Manhat-
tan is the city of neighborhoods and communities. So
public buildings, main squares, parks and main streets
can be used as a back check of data based urban hier-
archization. And it was not a surprise that these two
ways mostly correlated. But one can find several plac-
es which he would not expect to be important or cen-
tre-like. That is why examining and using urban data is
important. Suddenly to more real image of urban net-
work emerges. And what is really benefitial this images
is evolving and changing as people are using the city
and as the citylife is adapting to new effects

For visualizing of this centres — subcentres network
in West Chelsea the Vector fields method was used. It
is method conducted in Grasshopper which charges
(similar to magnetic force) all the points which stand
for urban data geographical projection to city map. So
one gets a vector for every such a point. And now ac-
cording to density of points and vector charging it is
possible to determine areas with higher level of cen-
trality. In both proposed D.U.M.s there were identified
two levels of centrality - centres and subcentres. In the
case of West Chelsea these centres were also connect-
ed according to distance which symbolizes walking
distance among centres. This distance was up to 900
meters for main centres and 650 meters for subcen-
tres. So the final diagram is showing vector charging
of points, identified main centres and subcentres and
connections among them.

Similar procedure applied in West Chelsea was used
during developing the D.U.M. of The Isle of Dogs. More
exactly its northern part, although Vector field method
was dropped out because it was found as visualy con-
fusing and not really expressing the intended picture of
the area of interest. But the points that stand for urban
data geographical projection to city map were generat-
ed as well as in the case of the first D.U.M. Then a script
was designed to count the density of these points. So to
do that a regular square grid was layed over the whole
areaand anumber of these urban data points was count-
ed in every grid cell. From this procedure the pixelated

D.U.M. of West Chelsea

Visualization of Urban Data

D.U.M. of West Chelsea
Visualization of Centers - Subcenters
Charged vector fields showing attraction zones
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diagram of urban data density arised. Then propor-
tionally the most dense was identified as main centres
and the slightly less dense cells as subcentres. Because
The Isle of Dogs area of interest of proposed D.U.M. is
significantly smaller than in the case of West Chelsea
it was not meaningful to specify the connections based
on walking distances as in the case of the first D.UM.
Next step was simple - designing the series of meta-
balls curves over the identified network of centrality
points. The bright and clear visualization of hierarchy
of the localities within the area of interest emerged.

When researching and visualizing the geographical
virtual footprint of urban population, it is possible to
find and determine a unique and small positive devi-
ations. Local events that makes a specific place attrac-
tive, not-planned public spaces which are strengthen-
ing community life, places in office areas where people
meet for a lunch, coffee or cigarette. Places where peo-
ple intentionally go and where they stay. Places where
they are happy to be. Small streets, dead ends, vacant
sites, terraces, rooftops. These are often places not in-
tended by city planners to fulfil this purpose. These are
spaces which emerges bottom-up. These are very im-
portant spaces for every city and you can see how these
are emerging or disappearing through reading right
data sets produced by urban population. And as a city
planner you must not neglect these soft and delicate
bottom-up exposures of urban population life.

Data used for these purposes can be found here:
http://mappinglondon.co.uk/2014/all-the-tweets/

http://twitter.mappinglondon.co.uk/
http://wearedata.watchdogs.com/start.php?locale=en-EN&city=london
http://labs.strava.com/heatmap/#7/-1.69739/52.00179/orange/bike

http://labs.strava.com/heatmap/2014-2015.html#14/-0.02747/51.50006/orange/
bike

http://vartree.blogspot.cz/2014/04/i-know-where-you-were-last-summer.html

http://vartree.blogspot.cz/2014/03/london-maps-and-bike-rental-communities.
html

Urban Data 2 - Socio-economical data

The second data category embraced in D.UM. is so-
cio-economical data. These are intended for deter-
mining economical rentability, demographical state
and change and calculating economical indications of
sites. These are especially used for calculation of De-
velopability factor of D.UM. And this factor is pret-
ty complex to be calculated (see following chapter).
In D.UM. of West Chelsea the process of designing
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proper data and data operation was just in the begin-
ning and it was not finalized. This had happened later
during developing of D.U.M. The Isle of Dogs in Lon-
don. Data-sets like land use category, year of construc-
tion of buildings, price of lots etc.

An other option how to implement these socio-eco-
nomical data is adding them on in these particu-
lar localities of area of interest with a specific urban
and social conditions. This was not done in proposed
D.U.M. s but it is a way how to improve the modelling
accuracy of these models. For London these data can
describe for example the deprivation of localities, so-
cial structure of urban population, prevailing nation-
ality in neighborhoods, gross income classification etc.
Of course there is a legitimate place for data inputs like
these to D.U.M. In the further chapter Other possible
factors these data are mentioned and as such these can
be added to modelling process if necessary.

Data used for these purposes can be found here:
http://mappinglondon.co.uk/category/data/

http://maps.cdrc.ac.uk/#/metrics/dwellingage/default/BT-
TTFTT/14/-0.0380/51.5103/

http://wearedata.watchdogs.com/start.php?locale=en-EN&city=london

http://www.centreforcities.org/data-tool/#graph=map&city=show-all&indica-
tor=housing-stock\\actual\\2012--2014

http://luminocity3d.org/Economy.html#employment_density_chan
ge_2001-2011/11/51.5512/-0.1586

http://datashine.org.uk/#table
=QS606EW &c0ol=QS606EW0017&ramp=YlOrRd&layers=BTTT&-
zoom=14&lon=-0.0126&lat=51.4946

http://luminocity3d.org/Economy.html#employment_density_chan
ge_2001-2011/11/51.5512/-0.1586

http://vis.oobrien.com/booth/#

Urban Data 3 - Detailed urban population data
Urban population data for detailed understanding of
public requirements for development of specific sites.
These third category of data sets is a bit complicated.
These data sets are exactly the ones most difficult (and
in many cases impossible) to get. The research chap-
ter Urban data is dedicated also to description of these
detailed data sets. Through analytics of these data,
city leaders, stakeholders and citizens can gain vital
real-time insights from multiple data streams (traffic,
social media, devices and sensors that are shaping the
Internet of Things-IoT) to make more accurate deci-
sions, achieve greater efficiencies, and respond faster
in emergency situations.
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These detailed data are used as inputs for site specif-
ic urban design or design of particular buildings. And
since it is not possible to get these data sets it is nec-
essary to generate them artificially with the help of
Grasshopper scripting (manual engaging of input data
and then random generation of their dynamics) and
with the basic knowledge of trends and tendencies of
demand of public and commercial sector. To get this
knowledge documents, articles and materials (pub-
lished both by local governments and media) referring
to description of dynamics of this demand was studied

As an example of materials used for this purpose see
the overview of information sources:

Data sources:

http://mappinglondon.co.uk/category/data/
http://www.bbc.com/news/magazine-29915801

https://gephi.org/

Bibliography:

BUXTON, Pamela. The Changing Face of Canary Wharf. BD
Magazine Online. 2012. Available at:
http://www.bdonline.co.uk/the-changing-face-of-canary-
wharf/5047378.article

O SULLIVAN, Feargus. London’s Housing Crisis and the Ine-
quality Chasm. CityLab.2016.

Available at:
http://www.citylab.com/housing/2016/04/london-housing-cri-
sis-inequality/476694/

PULTAROVA, Tereza. Canary Wharf, London: The Smartest
Quarter in the World. Sto Plus Jedna. 2015. Available at:
http://www.stoplusjednicka.cz/londynska-canary-wharf-ne-
jchytrejsi-ctvrt-sveta

SEMUELS, Alana. Why Are Developers Still Building Sprawl?.
The Atlantic. 2015.

Available at:
http://www.theatlantic.com/business/archive/2015/02/why-are-
people-still-building-sprawl/385741/

Urban Strategies. London Docklands 2001 - 2012. Urban Strate-
gies, Inc. 2013.

Available at:
http://www.urbanstrategies.com/project/london-docklands/

D.U.M. | Dynamic Urban Model - 4. Design

4.1.3. Urban Evolution Model

4.1.3.1 Connectivity

Regarding street network connectivity and accessibili-
ty of space, there have been serious researches proving
its importance. Especially importance of pedestrian
accessibility. Because it is really important to under-
stand that it does not matter, which mean of transport
is currently the most attractive, most lucrative, which
transportation mode is currently mostly used, sup-
ported or advertised. People have and always will have
pair of foots which can be used for walking. Thousand
years back or thousand years in the future, people
walk. And this fact has of course consequences in ur-
ban environment and in socio-economical processes
in the cities. For example study of housing and office
market in Stockholm shows that walkability basical-
ly explains the differences in prices and rents. So the
specific monetary value of walking distances to shops,
restaurants, culture, transit stops, street connectivity,
parks or waterfronts can be defined. What is surpris-
ing in Stockholm research is that car accessibility did
not have a significant effect on apartment prices or
office rents. The authors of this study concluded that
this property market is driven by suprasing. And the
environmental and social benefits of this fact comes as
a bonus. (Goodyear, 2015). And this can be also seen
in behaviour and decision making of property devel-
opers, that connectivity is on of the important factors
for allocation of their investments.

For the developing of D.UM. Space Syntax analysis
was used to evaluate the level of Connectivity of street
network. The term Space Syntax embraces a set of the-
ories and techniques for the analysis of spatial config-
urations. It was developed at The Bartlett, University
College London in the late 1970s as a tool to help ur-
ban planners simulate the likely social effects of their
designs. The general idea is that spaces can be divided
down into components and segments, analysed as net-
works of choices, then represented as maps and graphs
that describe the relative connectivity and integra-
tion of those spaces. The three most popular ways of
analysing a street network are integration, choice and
depth distance. While integration analysis provided
similar results as the choice analysis during developing
of D.U.M.,, it was replaced by connectivity analysis. All
these particular analysis are described more detailed
further in this chapter.
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Softwares

There is a several software and methods how the Space
Syntax analysis can be performed. Among others lets
mention the Urban network analysis which is a plug-
in toolbox for ArcGIS which is able to compute five
types of network centrality measures on spatial net-
works: Reach; Gravity Index; Betweenness; Closeness;
and Straightness. Though it was primarily developed
for the analysis of urban street and building networks,
the toolbox can be also used for other spatial networks,
such as railway networks, highway networks, or utility
networks. The plug-in is though not really user-friend-
ly and the work is kind of difficult.

Other possibility is plug-ins for Grasshopper, which
would be an ideal choice due to workflow of D.UM.,,
but unfortunately the quality and reliability of these
plug-ins is really low. In this case DeCoding Spaces
and Spider Web plug-ins are in mind. Although their
results could be very useful if the procedure is working
and finally comes to an end. The level of closeness, be-
tweenness and connectivity can be measured through
DeCoding Spaces components, and with the help of
Spider Web one can see the accessibility of urban net-
work from determined points.

So because of mentioned annoyances with described
software the DepthMap toolbox developed at UCL was
used for assessing the connectivity of street network of
West Chelsea and The Isle of Dogs. DepthMap is a sim-
ple and user-friendly software which contains several
possibilities how to conduct Space Syntax analysis and
so called Axial analysis of network which can be eas-
ily imported in as a *.dxf file. It is also possible to edit
the street network directly in DepthMap, which can be
very useful for adjusting the network or designing a
new one and see how it affects the rest of the network.
For D.UM. the global integration in Axial analysis,
which shows how each street is connected to all oth-
ers in a whole city in terms of the maximum possible
direction changes, was after several tests eventually set
on 10, meaning it shows how each street is connected
to its vicinity in terms of ten times direction changes.
This setting showed the reasonable differentiation of
the particular streets. With the Axial analysis set there
was a need to select measured factors for D.U.M. Con-
nectivity. Among all analysis results the Choice, Total
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Connectivity and Total Depth results for each street
was exported to the excel table sheet and than import-
ed in ArcMAP, where all values (Connectivity, Devel-
opability and Intensity) are assembled and further in-
terpreted.

Choice, Total Connectivity and Total Depth

Now let’s briefly introduce individually each part of
Space Syntax analysis results. For this introduction
the UCL Space Syntax online glossary was used (UCL
Space Syntax; 2016). The Choice measure is easiest to
understand as a ‘water-flow’ in the street network. Im-
agine that each street segment is given an initial load
of one unit of water, which then starts pours from the
starting street segment to all segments that successive-
ly connect to it. Each time an intersection appears,
the remaining value of flow is divided equally among
the splitting streets, until all the other street segments
in the graph are reached. For instance, at the first in-
tersection with a single other street, the initial value
of one is split into two remaining values of one half,
and allocated to the two intersecting street segments.
Moving further down, the remaining one half value is
again split among the intersecting streets and so on.
When the same procedure has been conducted using
each segment as a starting point for the initial value of
one, a graph of final values appears. The streets with
the highest total values of accumulated flow are said to
have the highest Total Choice values.

The Total Connectivity of segments of street network
in the terminology of Space Syntax analysis methods is
defined as the number of segments directly connecting
a root segment. This is a static local measure. Every
physical network in every city (or this method can be
also used for analysing connections inside a buildings)
is an interconnected whole in which each space has a
different topological status. For instance, some of the
spaces are well connected (with a high degree of con-
nectivity), while others are less so. This is the funda-
mental principle of Space Syntax.

37

D.U.M. of The Isle of Dogs

Bc. Pavel Paseka | FA CTU | 2016 | Studio FLOW



Depth Distance is the most intuitive of the analy-
sis methods. It explains the linear distance from the
center point of each street segment to the center points
of all the other segments. If every segment is succes-
sively chosen as a starting point, a graph of accumu-
lative final values is achieved. The streets with lowest
Depth Distance values are said to be nearest to all the
other streets. Again, the search radius can be set and
limited to any distance.

GOODYEAR, Sarah. How Stockholm Became the Ultimate
Walkable City. CityLab. 2015. Available at: http://www.citylab.
com/commute/2015/03/how-stockholm-became-the-ulti-
mate-walkable-city/388433/

UCL Space Syntax (University College London). Glossary.
UCL:2016. Available at:

http://otp.spacesyntax.net/glossary/

4.1.3.2 Developability

The Develpability factor stands for the economical
rentability of potential development. The calculation
of this factor is simplified compared with much de-
tailed economical rentability analysis conducted by
commercial and development companies. But in a
simple way this factor tells us about this really impor-
tant potential of each site. Because in the metropol-
itan cities modelled in this thesis (and for which the
D.U.M. toolset is primarily developed) the commercial
groups are still responsible for the most of spatial de-
velopment and we need to understand the procedures
of decision making to accurately predict the future
evolution of urban environment and secure its quality
outcome. But also what needs to be mentioned is that
developers and local governments have to perceive the
public demand for spatial development. That is why
proposed D.U.M. is combining data inputs represent-
ing public demand and requirements and real estate
market conditions represented by this Developability
factor. And if these market conditions change or the
architect or urban planner designing other D.U.M. de-
termines different market conditions in other city, this
Development factor calculation can be easily adjusted.
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According to mindset of commercial companies in-
volved in spatial development land is perceived as an
economic good and the most important thing is that
any land intended for development must be able to
generate higher yields than what the costs are (Kohl,
2016). Also for the successful development investors
have to be able to estimate what people want and
what they can afford. And if the ultimate development
meets the demand of people (and term ,,people” does
not mean just potential customers) and creates high
quality space the general perception of commercial de-
velopment and perception of new buildings and spac-
es can be very good. The neglection of public demand
during preparation of development projects is one of
the things responsible for negative perception of new
constructions. Another thing often mentioned is the
lack of solid vision, strategy and pro-activity from mu-
nicipalities.

In D.U.M. several data are used for calculation of De-
velopability factor. First let me mention that the setting
of the process of calculation of this factor was changed
several times during developing of D.UM. of West
Chelsea in Manhattan and the final calculation process
described further was used just for D.U.M. of The Isle
of Dogs in London. The input data for Developability
are for all sites: land use category and price of lots. And
for current building sites only: the volume of buildings
and building age data are added. Fortunately all these
data sets are available for London. But unfortunately
all these data are only allowed for viewing, not down-
loading in some kind of data format. So these data had
to be vectorized and shapefiles had to be created and
than evaluated according to viewed data (mostly done
in Grasshopper, partially in ArcMAP).

When we have these data ready, the laws of economics
are applied to spatial development. When these are in-
corporated then the development is governed by gen-
eral law of supply and demand and also by the law of
diminishing returns. Meaning each territory is head-
ing towards a state where it is exploited in economical-
ly optimal way. This process is also known as Bid Rent
(Maier, Reza&; 2016). This process is effected by several
aspects like for example user preferences, attractivity
of areas, value of buildings, market situation etc. All
these aspects are dynamically evolving and perma-
nently changing in time.

D.U.M. of The Isle of Dogs
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To describe this process first gross commercial val-
ue of buildings (Cbv) is calculated based on land
use of lot and volume of building on a lot (for bet-
ter undersanding please see Table scheme of ul-
timate data inputs and their correlations in the
beginning of chapter 4. Design). This gross com-
mercial value is then related to price of lot (Pol) and
from this economical rentability (Er) is calculated
(Er = ¥ Cbv / Pol) for each current built-up site. Now
it is possible to determine land use status (Lus) of each
site. If the economical rentability proportion is higher
than 1 then land use status is marked as ,used® If it
is precisely 1 or smaller then Lus is marked as ,un-
derused®. If there is no building on a site Lus = 0, then
the land use status is marked as ,empty* and this state
is, naturally, on all potential building sites. This cal-
culation is mostly important for current built-up lots.
And when marked as ,,underused” there is a question
of redesigning the building or change of land use cat-
egory. To determine this the building age data comes
into consideration. According to charts of econom-
ical rentability of construction (Maier, Rezd¢; 2016)
we can identify the time when the new building or a
new function of building is relevant. The exact time
depends on commercial value of building (Cbv) age of
building (BA) and its function and correlation of this
intermediate result to price of lots (Pol).

To simplify the calculations and the workflow of
D.U.M. the age of buildings was transformed to life ex-
pectancy of building index according to current land
use. This life expectancy is an tricky thing to assess be-
cause it depends on much more than just land use of
lot and by its extension on function of building. It de-
pends on type of construction, its quality, maintenance
time, quality of technical infrastructure of the building
etc. This aspect of D.U.M. should be better prepared
but as mentioned due to workflow and a fact that this
concerns just the part of assessed sites this simplified
method was chosen. So the life expectancy of building
according to land use was set as: residential = 75 years,
commercial (office) buildings = 55 years, retail = 55
years, industrial constructions = 40 years, unknown
type of building = 58 years (aggregated). This setting
is based on several researches dealing with lifespans of
buildings or durability and actual service lives of con-
structions. For example University College London
sheet focusing on Lifespans of buildings and decision
making processes (UCL Engineering, 2014).
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So the final result of Developability factor counts with
construction year data, which are available for each
site, then calculates actual building age until current
date and says how this stands related to life expectancy
of building. And when the land use status (Lus) based
on economical rentability of building (Er) is taken in
an account the percentage rate of Developability of
each site is done. This final result is in a form of data
table sheet employed also with results of other two
main factors (Connectivity and Intensity) to further
modelling in D.U.M.

One final comment at the end of this chapter. One thing
that is now not implemented in D.U.M. but it is envis-
aged to be in the future is the development of building
technology and resulting life expectancy of buildings
and constructions. Also currently tested more adap-
tive and flexible building technologies can completely
change our view on land use of sites, economical rent-
ability of buildings and in a first place on the dynamics
of change of built-up environment. In the case of such
a building technology development this Developabil-
ity factor of D.U.M. has to be redesigned completely.

KOHL, Luka$. In Bourani. Radio Wave. Prague:2016. Available
at: http://www.rozhlas.cz/radiowave/bourani/_zprava/bourani-s-
developerem-lukasem-kohlem-po-skole-toho-clovek-moc-neu-
mi-ale-hodne-tusi--1596422

MAIER, Karel; REZAC, Vit. Ekonomika v tizemi: Urbanisticka
ekonomika a tizemni rozvoj. CTU: Prague. 2006.

UCL Engineering (University College London). Refurbishment &
Demolition of Housing. Lifespans & Decisions: Factsheet. UCL.
London: 2014. Available at:

4.1.3.3. Intensity

We can think about intensity as a geographical projec-
tion of position of each and every individual in urban
space in real-time. This projection tells us where peo-
ple stay, where they are heading and through which
routes. What are sources and what are intended targets
of their movement through city. These can show us an
unpredictable alternative paths, areas of visit and stay,
places where people like to stay, places people are seek-
ing for. Such data provides us with informations about
distribution of people within the city.
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The simulation of intensity of exploitation of ur-
ban space is performed by specific multi-agent
system. This system is designed based on net-
work of centers and subcenters of area of interest.
This network of points works as a starting points
for agents. Agents starting from subcenters are
searching routes to main centers and vice versa.

In a certain way this Intensity simulation also sub-
stitutes the information from several transporta-
tion data inputs, because this is already incorpo-
rated in the centers and surcenters network as a
position of points among which individual agents
are moving. Also behaviour of simulation agents
is imitating crowd behaviour and crowd intelli-
gence. So the final result is not just a simulation
of individual agents, but simulation of crowd of
agents with inner interactions and communica-
tion (more in previous Research chapter - Mul-
ti-Agent Systems and Swarm Systems in Urban-
ism), which is much more than just total sum of
separated individuals.

Intensity and Urban Development

The level of intensity of exploitation can be also
seen as if every individual person in the city has
a geographical sensor detecting his actual posi-
tion all the time and everywhere. But as if it is not
possible due to ethical reasons and right for ones
private we have to find a way how to simulate this
distribution and movement of urban population.

These information are one of the really key factors
for potential spatial development of any kind. Un-
derused or even vacant localities are often right on
the edge of the overused ones, and if used prop-
erly, these can help to lower the intens exploita-
tion a distribute it in a more appropriate way.
Determining these and enabling the proper form
of development for investors can also prevent the
cities from further spatial growing and sprawling.
Intensification of the city structure at the most
appropriate sites should be one of the efforts of
local governments all around the world. And in
many cases why this is not happening is just the
lack of informations about these sites. And what
is resulting from this is wrong spatial and zoning
regulations plus lack of coordination of particu-
lar intentions. D.U.M. is able to offer these infor-
mations and enable the authorities to set proper
regulations and to coordinate better the numerous
public and private development intentions.
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Intensity in D.U.M.

As mentioned above the Intensity factor is simu-
lated through multi-agent systems seeking centers
and subcenters of the area of interest. This system
has been scripted in Processing (Java scripting
language). For easier manipulation with agents
Plethora plug-in developed by José Sanchez was
used. This plug-in focuses on multi-agent systems
and tries to simplify the setting of their behaviour.

Determined network of points (centers and sub-
centers) designed in Grasshopper and based on
Urban Data 1 — Quantitative geographical data, is
streamed through data tables as a text file to Pro-
cessing folder from where it is imported to Pro-
cessing interface. Then the behaviour of agents
in specific modelled city has been scripted and
run several times. Because of internal behaviour
among agents the result of Intensity simulation
is always different. So the aggregation of many of
these results was done (through overlapping of
layers with different results) and the final *.jpg file
of multi-agent intensity analysis was created. This
image is then imported to ArcMAP for further
work with data allocation to individual current
and potential building sites (described further).

4.1.3.4. Other possible factors

Of course there is plenty of possibilities how to
implement other important factors that influ-
ence spatial development in cities. How to use
other data sets or how to choose additional data
inputs for D.U.M. in a specific cases to improve
even more the predictive strength or to create
even more quality and appropriate urban design.
Also we need to think about special conditions
of each city, inimitable issues and problems and
social characteristics which drives the spatial de-
velopment of each city. And not just a cities as a
whole but also their parts and quarters. As an ex-
ample we can introduce the unique characteristics
of long time neglected localities which suddenly
became attractive. So called gentrification process
(with its advantages and disadvantages) which
can be measured by other entries than connectiv-
ity, developability and intensity used in D.U.M. of
West Chelsea and The Isle of Dogs. So for such
localities the suitable entry should be an other
data based input like the Attractivity, which would

measure the attractiveness of certain part of area
of interest. Flow of people, their interest in local
services and free-time activities, their activity on
real estate market, bank mortgages for this local-
ity etc.

Attractivity

And the urban modelling approach based on dy-
namic data inputs introduced in this thesis is not
the first and unrealistic. In a part of London this
approach which measures data from social net-
works and can predict a localities which potential-
ly will undergo a rapid wave of gentrification was
applied. The computer scientists found a way how
to screen data from Twitter and Foursquare (in-
ternet social networks) and map the places visited
by most socially diverse crowds (Collins, 2016).
These scientists built a geographical network of
restaurants, clubs, shops and apartments and then
observed social networks data and connections
among their users. Through linking of virtual so-
cial network and physical geographical network,
the team was able to construct several measures
of the social diversity and distinguish places that
brings together friends versus strangers and find
a places which brings together socially diverse
crowds. Other measures reflected an account in-
come, education level, environmental factors and
others. The most important message is that the
process of gentrification does not start when out-
siders move in, it starts when outsiders come to
visit.

So as you can see dynamic, real-time and detailed
data, which of course have to be anonymous, are
able to foretell the change in social and also phys-
ical structure of the urban environment. And that
is the main advantage of data driven approaches
in urban planning and urban design used for de-
veloping of D.U.M.

Data Sources

For the purposes of this data driven planning and
design we could use also data sources which will
certainly become more common soon. These data
sources are basically very sensitive sensors which
are screening surrounding environment and its
conditions. These sensors can be part of moni-
toring systems like IoT, IoE, Swarms of flying mi-
ni-sensors etc. mentioned earlier in the research
part dedicated to Urban data.
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These can give us informations about air quality,
heat level, sound and smell environment, real-time
but also long-term traffic situation, financial situa-
tion of inhabitants etc. Or we can go even further in
our ideas and say, that these sensors will be able to
say, whether people are happy, relaxed and satisfied
and what are the reasons for this, when this is caused
by urban space that surround them. These indexes
of happiness based on biological factors are already
known, but such a data are unfortunately not col-
lected or opened for further use.

These sensors can be applied in a larger sphere of ac-
tivity. They can also be part of systems which are not
just monitoring the conditions in the cities, these
sensors can be installed in systems which are cre-
ating the environment. Smart, educative, dynamic
building systems which screens the lives of people
and are able to adapt the surrounding environment
to their unique needs. If Smart cites are mentioned
in this thesis, we can also talk about smart build-
ings and in extension flexible adaptive buildings and
spaces. There have already been developed several
systems which are based on adaptiveness and re-
sponsiveness. Among others let me introduce Hy-
peCell system designed by research team at Design
Research Laboratory at the Architecture Association
School of Architecture in London (AA DRL, 2015)
or Swarm Robots proposed by Akira Mita. When
we are talking about other possible factors of urban
evolution in this chapter, the automatic intelligent
systems are able to deliver these factors. The urban
environment would be able to understand its inhab-
itants down to their emotional state (Mims, 2012).
So the city, urban space and buildings would be in-
terconnected living-like system monitoring and as-
sessing conditions and based on this designing the
most appropriate environment for its population.
That would be the ultimate level of D.U.M.s

AA DRL, Design Research Laboratory. HyperCell. 2015.
Available at: http://www.hypercell.co.uk/

COLLINS, Nathan. How to see Gentrification Coming. Pacific
Standard. 2016. Available at:
https://psmag.com/how-to-see-gentrification-coming-6adf-
b582a0d#.7dkn4jdcv

MIMS, Christopher. Robot Swarms Aim to Bring Buildings to

Life. BBC. 2012. Available at: http://www.bbc.com/future/sto-
ry/20120717-bringing-buildings-to-life

Bc. Pavel Paseka | FA CTU | 2016 | Studio FLOW



J{ MULTI-AGENT SYSTEM SIMULATIN INTENSITY
// OF EXPLOITATION OF URBAN SPACE

// D.U.M. OF THE ISLE OF DOGS, LONDOMN

//© Pavel Paseka, 160322

import processing.opengl.*;
import plethora.core.*;
import toxi.geom. *;

import peasy.*;

ArrayList <Ple_Agent> boids;

/fusing peasycam
PeasyCam cam;

Spline3D st1;
Vec3D pointgrass = null;

[/create a spline
Spline3D sp2;

float DIMX = 1000;
float DIMY = 1000;
float DIMZ = 1000;

int pop = 300; //150

void setup() {
size(1200, 600, OPENGL);
smooth();
cam = new PeasyCam(this, 1000); //600

/finitialize the arrayList
boids = new ArrayList <Ple_Agent>();

//build the spline from values

sp2 = new Spline3D();

for(inti=0;i<20;i++){
Vec3D v = new Vec3D(-600 + (1200/20%i), random(-50, 50}, random(-50, 50)}+100);
sp2.add(v);

}

for (inti=0;i<pop; i++) {

[/set the initial location as 0,0,0
Vec3D v = new Vec3D (0, 0, 0);
//create the plethora agents!
Ple_Agent pa = new Ple_Agent(this, v);

//generate a random initial velocity
Vec3D initialVelocity = new Vec3D (random(-1, 1), random(-1, 1), 0);
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[/set some initial values:
[/initial velocity
pa.setVelocity(initialVelocity);

[/initialize the tail
pa.initTail(200); //200

[/add the agents to the list
boids.add(pa);
}
}

void draw() {
background(235);

/fimport coordinates from grass (pointsgrass)
String start[] = loadStrings|"pointsgrass.txt");
stl = new Spline3D();
for (int k =0; k < start.length; k++) {

String row[] = split{start[k], ")

pointgrass = new Vec3D(float(row([0]), float(row[1]), float{row([2]));
st1l.add(pointgrass);

strokeWeight(2.0);

stroke(0);

point(pointgrass.x, pointgrass.y, pointgrass.z);
ellipse ( pointgrass.x, pointgrass.y, 1.5, 1.5);

}

[/draw a rect as reference

stroke(0, 90);

strokeWeight(1);

noFill();

rect(-DIMX/2, -DIMY/2, DIMX, DIMY);

[/run all agents
for (Ple_Agent pa : boids) {

//call flock, cohesion, alignment, separation.

/[first define the population, then the distances for cohesion,alignment, separation
//and then the scales in same order. Try playing with the scales and distances!
pa.flock(boids, 1, 1, 20, 2.0, 2.0, 2.0);

/fupdate the tail info every frame (1)
pa.updateTail(1);

if (frameCount=>300) {
//display the tail interpolating 2 sets of values:
//R,G,B,ALPHA SIZE - R,G,B,ALPHA,SIZE
pa.displayTailPoints(255, 0, 0, 30, 2, 255, 0, 0, 100, 5);
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}

[/set the max speed of movement:
pa.setMaxspeed(3.7); //1.7
//pa.setMaxforce(0.05);

Jif (frameCount>200) { //&& (frameCount<600))
[/ pa.dropTrail(5,100);

/I strokeWeight(2.0); //1.0

/I stroke(255, 0, 0);

// pa.drawTrail{20);

i

//seek (line) script

[fcalculate future location at 50 units
Vec3D fLoc = pa.futureloc(1);
stroke(255, 0, 0, 90);

[fcalculate closest normal to spline //STILL IN PROGRESS
Vec3D cns = pa.closestNormalToSpline(st1, fLoc);
stroke(255, 0, 0, 20);

//follow point obtained from spline
pa.seek(cns, 3.0); //2.5

//update agents location based on past calculations
pa.update();

//Display the location of the agent with a point
strokeWeight(2); //2

stroke(0);

pa.displayPoint();

//Display the direction of the agent with a line
strokeWeight(1);
stroke(100, 90);
pa.displayDir(pa.vel.magnitude()*3);

}

println (frameCount);
//save JPGs for videos

D.U.M. of The Isle of Dogs

Processing Script_1 (Java Scripting)
multi-agent system simulating intensity
of exploitation of urban space
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4.1.3.5. Urban Evolution Prediction

Sites Generating

First let me introduce the method of generating cur-
rent and potential building sites (scheme on right side).
Because to these sites all other modelling processes are
related, all continuously gathered and assessed data are
assigned, to these sites modelling of urban evolution
and prediction of spatial development is connected.

Let’s start with the more complicated part of generat-
ing potential building sites. It is better not to burden
the D.U.M. with the limitations of ownership or cur-
rent division of lots. Because when you have a certain
specific division of lots and their ownership (for exam-
ple row houses which are very typical building form
for cities in England) it implies again the same building
form, same land use, same spatial development. And
the possibility of merging the lots and transforming of
the ownership structure is hard to cover in modelling
process. So the other variant of generating potential
building lots was applied. First the whole area of inter-
est was covered by regular point grid dense enough to
be compared the density of current building sites and
their reference points. Than a not-builtable areas were
subtracted from this grid. Meaning parks, expanse of
water and main transportation roads and areas. Also
main public spaces and squares were intended to sub-
tract but it showed up that infrastructure of these pub-
lic spaces, squares and plazas can also be transformed
and adapted according to current needs of urban pop-
ulation and socio-economical changes. Many experts
would not agree with this point, but not including
main public space enables to model potential expan-
sion of current building structures and its adaptation
on evolution of urban society.

When we have generated potential building sites than
current building sites have to be added of course.
And that is an easy operation, because it is possible
to get these data from OpenStreetMaps (importing to
Grasshopper through Elk plug-in) or also local gov-
ernments are releasing these data in a form of Web
Map Services (just for viewing in GIS softwares) or
even as a shapefiles (viewing and editing in GIS soft-
wares). All these data sources were used for both de-
veloped D.U.M.’s. Although it is important to say
that relevance of latest versions of these data is not
very high, especially in the case of London. One can
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see this even if he will simple compare these data to
Google Street View images. Nevertheless it at least
enabled to compare results of D.U.M. with spatial de-
velopment not integrated in used data but completed
in reality. And it was a nice discovery that results of
D.UM. (growing, stabilized and declining localities
— described more detailed in forthcoming chapters)
match with actual new development. This has hap-
pened especially in case of D.U.M. of The Isle of Dogs,
when D.U.M. results determined a huge development
potentiality in one locality, which has according to
Google images undergone big urban development in
recent year. That was just a prove that selected factor
assessed by D.U.M. were chosen and determined well.
But that also proved the enormous dependence on
data input quality.

D.U.M. results

The results of partial operations for assessing of Con-
nectivity, Developability and Intensity have been gath-
ered. Now these values needed to be assigned to sites
(current and potential building sites). This is what is
after all evaluated in D.U.M. - sites. So we have had a
data for streets (shapefile type: lines), for clusters and
neighborhoods (shapefile type: polygons) and now a
procedure to allocate these data to the sites (shapefile
type: point) which they pertain to had to be done. As
the most convenient and appropriate way how to do
this an importing all these data to GIS software was
evaluated. So particular data results are assembled
in ArcMAP in the form of data tables. And now the
procedure of allocating data was performed. The data
was selected and assigned based on geographical loca-
tion. This can be done by Select by Location operation
in ArcMAP. The ArchMAP lets you to select features
from required data layer based on where they are lo-
cated in relation to the features in another data lay-
er regardless of data type (line, polygon, point). And
next the operation intersects the data layers and one
can work with the data from lines and polygons which
geographical belong to the specific sites and assign the
data values to the sites.

Each factor of D.UM. (Connectivity, Developability
and Intensity) now assigned to proper site is than re-
calculated as a proportional value. So we can get new
data columns for ¥ C (%), X D (%)and X I (%). This
recalculation secures each D.U.M. factor has equal
significance. This is of course for developed D.U.M. of
West Chelsea in Manhattan and D.U.M. of The Isle of

Dogs in London. But it is easy to imagine that for
D.UM.’s of other cities the measure of importance
can vary for each factor. Of course there has to be a
right reasons for these differences.

The recalculated values of each factor are that added
up and again recalculated as a proportional value for
each site. And this is what we can call as a one of results
of D.UM. The percentage value of each building site
(current or potential). This value represents the level of
potentiality for further development. These values can
be interpreted and visualized as areas of potentional
growth, stabilized areas or declining areas with low
potential for undergoing any spatial development.

Strategic multi-agent system

Another step in the model is an application of strate-
gic multi-agent system which was developed in Pro-
cessing (schemes and script on following pages). These
kinds of systems are more detailed described in De-
sign Tools chapter. In D.U.M. this system is represent-
ing the strategic behaviour of potential investors in the
city. When calculation of Connectivity, Intensity and
Developablity factors is completed for every current
and potential building site, these data are exported to
Processing and strategic multi-agent system represent-
ing potential investors can find a specific developing
sites. These marked developing sites are than exported
back to Grasshopper, where additional data inputs are
collected and most appropriate urban design is pro-
posed on them.

Scripting of fully strategic behaviour of agents is
though really complex and difficult task for advanced
computer programmers. So in proposed D.U.M. just
simple non-strategic behaviour is used. That is one of
weaknesses of developed D.U.M., but it is also space
for further improvement. As in other parts of this the-
sis the using of strategic multi-agent systems is rather
showing the way of thinking about processes taking
place in a cities.

Visualizing the D.U.M. results

To visualize D.U.M. results (proportional value for
each site) a Medial axis method was used. That is a
solution for describing the topology of a shape (in this
case virtual shapes) through so called Medial axis, and
using this description to create a form out of any closed
shape or closed set of shapes. The logic of this script is
using Voronoi cells to find the Medial axis.
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MAS simulating strategic behaviour of potential investors
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// MULTI-AGENT SYSTEM SIMULATING STRATEGIC

// BEHAVIOUR OF POTENTIAL INVESTORS
// D.U.M. OF THE ISLE OF DOGS, LONDON
//© Pavel Paseka, 160420

import processing.opengl.®;
import plethora.core.*;
import toxi.geom.*;

import peasy.*;

import processing.pdf.®;

ArrayList <Ple_Agent> boids;

//using peasycam
PeasyCam cam;

Jfusing plethora camera
//Ple_Camera pCam;

Vec3D start_position = null;
Vec2D buildingsites = null;
Vec3D buildingsites2 = null;
Vec3D agegrid = null;
Vec3D B =null;

Vec3D A = null;

Spline3D st5;

Spline3D st2;

Spline3D stl;

PShape s;
boolean record;

float D;
float D2;

float DIMX = 600;
float DIMY = 600;
float DIMZ = 600;

J/float fromDist = 60;
[/float toDist = BO;

int pop = 250; //300
J/PrintWriter output2;

void setup() {
size(1200, 700, OPENGL);

[/initialize plethora camera (this, xy,z, x.y,2);
//pCam = new Ple_Camera(this,

/117,91, 100,

/117,91, 20);

//64,15, 70, // perspective view

/120,72, 20);

[/ The file "*.obj" must be in the data folder of sketch

5 = loadShape("0BJ for processing.obj");
s.setFill{color(255, 0, 0, 30));
s.setStroke(color(0));
s.setStrokeWeight(4);

/linitialize the arrayList
boids = new ArrayList <Ple_Agent>();

for (inti=0; i< pop; i++) {

Vec3D v = new Vec3D (random(40), random(150], 30);

[/create the plethora agents!
Ple_Agent pa = new Ple_Agent(this, v);

//generate a random initial velocity
Vec3D initialVelocity = new Vec3D (1, 0, 0);

//set some initial values:
[finitial velocity
pa.setVelocitylinitialVelocity);

[/add the agents to the list
boids.add(pa);
}
}

void draw() {

if [record) {
beginRaw(PDF, "output.pdf");
}

background(255, 255, 255);

//Display Shapefiles
shape(s, 0, 0);

////update camera Position
//pCam.update();

/{//call come of the camera functionallity
[//pCam.moveStraightCamera(0, 0, 1);

String Age_Grid|] = loadStrings("agegrid.txt");

s5t5 = new Spline3D();

for (int m =0; m < Age_Grid.length; m++) {
String row(] = split{Age_Grid[m], ',');

agegrid = new Vec3D(float(row[0]), float{row[1]), float{row[2])};

stS.add(agegrid);

strokeWeight(0.5);

stroke(0);

ellipse (agegrid.x, agegrid.y, 0.1, 0.1);

//point(agegrid.x, agegrid.y, 2);
}

for (Ple_Agent pa : boids) {

[feall flock, cohesion, alignment, separation,

[/the population, then the distances for cohesion,alignment,

[/separation and then the scales in same order.
pa.flock{boids, 0.01, 1, 5, 1.0, 1.0, 1.0); //cohesion=0.001

//update the tail info every frame (1)
pa.updateTail(1);

//Display the location of the agent with a point
strokeWeight(2);

stroke(0);

pa.displayPoint();

[/Display the direction of the agent with a line
strokeWeight(1);

stroke(255, 0, 0, 90);
pa.displayDir(pa.vel.magnitude()*3);

//set the max speed of movement:
pa.setMaxspeed(0.4);

/fimport coordinates (Building Sites) from grass
String Building[] = loadStrings("buildingsites. txt");
stl = new Spline3D();
for (int m =0; m < Building.length; m++) {

String row(] = split{Building[m], ",");

buildingsites = new Vec3D(float(row([0]), float(row[1]), float(row[2]));

stl.add(buildingsites);

/lstrokeWeight(1);
[/stroke(0);

/fprintin (D);

if ((frameCount>250) && (D<0.1)) {
pa.setMaxspeed(0.000);

strokeWeight(3);

stroke(255, 0, 0, 100};

ellipse ( buildingsites.x, buildingsites.y, 1.2, 1.2);
}

//draw a line between the agents in the distance specified.
if (D<1.0) {

strokeWeight(2.5); //3.0

stroke(0, 0, 0, 100);

pa.drawlinesinRange(boids, 1, 5); //5; fromDist, toDist);
}else if (D<3.0) {

strokeWeight(1.3); //1.8

stroke(0, 0, 0, 100); //(0, 0, 0, 100);

pa.drawLinesinRange(boids, 1, 8); //5: fromDist, toDist);
telse {

strokeWeight(0.5);

stroke(100, 100, 100, 100); //(100, 100, 100, 100);

pa.drawlinesinRange(boids, 1, 7); //5; fromDist, toDist);
}

}

//seek (line) script
//calculate future location at 50 units
WVec3D flLoc = pa.futureLoc(1);

/fcalculate closest normal to spline //STILL IN PROGRESS
Vec3D cns = pa.closestNormalToSpline(stl, fLoc);

//follow point obtained from spline
pa.seek(cns, 0.5); //0.3

pa.update();
}

if (record) {
endRaw();
record = false;

printin (frameCount);

//save JPGs for videos
saveFrame("images/random-##H#H . jpg");
float D=dist(pa.loc.x, pa.loc.y, buildingsites.x, buildingsites.y); }

smooth(); /fellipse { buildingsites.x, buildingsites.y, 1.5, 1.5);
//import coordinates (Age Grid Points) from grass

cam = new PeasyCam(this, 40, 100, 0, 60);
D.U.M. of The Isle of Dogs
Processing Script_2 (Java Scripting)
multi-agent system simulating strategic
beheviour of potential investors
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These curves are divided into a regular number of
points, and these division points in turn are used to
create a Voronoi diagram. The boundary between the
cells corresponds closely to the elements that can be de-
scribed as the “Ridge” and “Hips” of our form. Finally,
we use the “Trim Region” command to trim the Voro-
noi cells, and we will only go forward with the pieces of
geometry that are inside required region curves which
are basically edges of potentially growing and declin-
ing areas. Boundaries of these areas are generated by
metaball geometry and than only significantly large
areas of metaballs are selected to show only relevant
growing and declining areas, not the negligible ones.

When the trimmed Medial axis are generated the end-
points of each piece of geometry are extracted, and
then moved vertically based on their distance from the
edge curve. The amount of movement is scalable based
on the desired overall slope. Once these points are
moved, the lines are be redrawn. This happens when
input data changes and D.U.M. is still generating ac-
tual areas of growth (endpoints move ,,up®) or decline
(endpoints move ,,down®). In the next step the mesh
are designed from points on guiding curves and than
contour lines are generated an coloured into gradient
colour for better visualization.

The so called stabilized areas was not described yet.
These areas are supplement to growing and declining
ones an no contours are displayed above them. These
areas of the city are the ones with stabilized results of
relation among economical utility, average connectiv-
ity of street network and with middle or high level of
intensity of exploitation of urban space.

As the urban population using of urban environment
is changing and evolving, the data inputs are dynami-
cally changing as well, so D.U.M. factors of Connectiv-
ity, Developability and Intensity are recalculated and
the results for every current and potential building site
are still in progress. In this thesis it is not possible go
gather and stream all those data inputs, so the random
generation of change of input data is used. So the pre-
diction showed when D.U.M. starts to collect the input
data and displays model of the potential evolution is
based on random numbers generated in unique Grass-
hopper component. So the latter modelled prediction
is not based on real data. But in the initial stages of
D.U.M. the input data are really describing the behav-
iour of people in modelled city so the results of the
model are relevant.
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D.U.M. of The Isle of Dogs
D.U.M. results
visualization

process
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D.U.M. of The Isle of Dogs
Visualization of D.U.M. results

Since model is dynamically
updating this is just one frozen result
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4.2. Site-Specific Urban Design

From the very beginning of the idea of modelling and
predicting urban evolution by computational and data
analytics methods it was my intention to drive the
whole modelling process through city scale up to site
and building scale. When it is possible to model evolu-
tion of city, why not to model the resulting construc-
tion development? The question was how to translate
the data describing requirements of urban population
to actual buildings.

When one is interested in computational design, re-
sponsive and adaptive urban planning or paramet-
ric urbanism he can identify two main routes how to
achieve this goal. First is to design a set of building
forms, building typologies, which are often proceeding
from current forms in a specific city. This approach is
used for example in the Tom Verebes” project of adap-
tive urbanism of Pearl River Delta (Verebes, 2009).
This designed library of building structures can be of
course adaptive in the terms of floor levels, dimensions
in all a directions, number of rooms etc. But ultimate-
ly what you get is pre-set catalogue of building forms
however adaptable they are.

Second approach how to translate the data sets repre-
senting public demand for spatial development in the
cities is to design more abstract, non-typological, vir-
tual design which on the other hand goes deeper into
smaller scale of interior spaces or even rooms. This
approach is often applied when the architect is work-
ing with emergent evolutionary algorithms like cellu-
lar automata, fractal division like L-systems or other
types of growth simulation. As an example can be
mentioned the project like Metabolism and Culture or
Edible Infrastructures from students of Architectural
Association, EmTech, (AA Emtech, 2016).

In such a design process, described more detailed
further in the text, it is possible to set required spac-
es, their function and dimensions, interconnections
among them and also their relation to position in the
whole building geometry, connections to public spaces
or sun exposure relation. This process is more compli-
cated regarding development of such a proper complex
Grasshopper script but it enables to verify, design and
visualize a new forms not burden by current building
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typologies which may not be satisfactory anymore. For
the purpose of this virtual building design the Grass-
hopper script developed by Martin Zatecka, my fellow
student in FLOW design studio, for project Floor Plan
Generator was used and transformed.

AA EmTech, Emergent Technologies and Design: Emergence,
2016, Available at:
http://emtech.aaschool.ac.uk/emergence/

VEREBES, Tom. Ocean CN Consultacy Network: Parametric
Pearl River Delta. 2009. Available at: http://ocean-cn.org/project/
parametric-pearl-river-delta/

ZATECKA, Martin. Studio Florian: Floor Plan Generator. 2016.
Available at:
http://www.studioflorian.com/projekty/317-martin-zatec-

ka-floor-plan-generator

4.2.1. Additional Data Inputs

As additional data inputs urban population data for
detailed understanding of public requirements for de-
velopment of specific sites are meant. This category of
data sets is as already mentioned most difficult an in
many cases impossible to get. But through analytics
of these data and incorporating these to D.U.M. one
gets insights from multiple data streams (traffic, social
media, smart devices and sensors that are shaping the
Internet of Things-IoT, internet of everything-IoE)
to make more accurate decisions, achieve greater ef-
ficiency, and respond faster in emergency situations.
These additional data inputs comes in a form of big
data (described in Research chapter) and are used for
exploring the hidden connections among the multi-
tude of complex, non-linear and interconnected sys-
tems which surround us basally everywhere.

And analytics of these additional big data is used for
detailed site specific urban design or design of particu-
lar buildings. And since it is not possible to get these
data sets it is necessary to generate them artificially
with the help of Grasshopper scripting (manual engag-
ing of input data and than random generation of their
dynamics) and with the basic knowledge of trends and
tendencies of demand of public and commercial sec-
tor. From this process the data in table sheet form are
generated and use as inputs for further Grasshopper
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From continuous-
ly gathered and
analysed data it is
possible to design
virtual buildings

This virtual city is ac-
cessible for any user
through interface of

D.U.M. application
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scripting operations which translate these table sheet
data form to virtual urban design and buildings design.
These operations are described in following chapter.

For better understanding of artificial generating of
these big data results and simulating data sources like
already mentioned social media, smart devices and
sensors that are shaping the Internet of Things-IoT etc.
we can take everyday life of an any individual in a city
and imagine his needs according to what services he
seeks after and how available these are, what he needs
to buy and what places he has to visit for, where he
works, where he relaxes, where he spent his free-time
and how he gets to these places and if these places are
in satisfactory condition and so on and on. And sim-
ilar process and way of thinking is used for imagining
behaviour of potential investors in the locality. And
it does not matter if it is private individual entrepre-
neur or big international corporation. Everyone leaves
a virtual footprint behind his acting in urban space.
Of course artificial simulation of these data sets is very
abstracted and detached from reality. But the intention
of these big data analytics inputs in this thesis is not
to show the precise results, but rather show how the
general thinking about real-time virtual processes in
urban space and their affection of physical urban envi-
ronment can also looks like. And by my opinion how
it should looks like.

So when the time comes and these data will be opened
up, all security and privacy policy issues will be settled,
there will be no obstacles to using analytics of these
big data for modelling, planning and designing better
cities more suitable for their urban populations.

4.2.2. Data to Design

As mentioned above in D.U.M. the approach of vir-
tual non-typology design of buildings was chosen.
The whole process is guided by unique Grasshopper
script. What is necessary is an Excel sheet - data in-
put with required description of spaces. For the pur-
poses of D.U.M. these spaces represents apartments,
office spaces, retail spaces etc. So the more detailed
division into particular rooms disposition was not
embedded because of not enough number of relevant
input data and also overall workflow of this designing
part of D.UM. In this input Excel sheet each column
is representing a certain information about ultimate
design. We can see reference number of each space,
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identification of building (A), function of space (resi-
dential, services, office etc.), more detailed description
and division of each function according to its dimen-
sions (flat_1, flat_2, flat_3 etc.), overall demanded
floor area of each space (height of space is set further
in Grasshopper script), and than indices representing
connections among all the spaces (grouping of office
spaces etc.), which are imported in and worked further
with during scripting process.

This connections among spaces are amended also
with their relations to position in the whole building
geometry (luxury apartments position on the top of
building etc.), connections to public spaces (services
and retail connected to main public spaces etc.) or sun
exposure relation (residential spaces on southern side,
office spaces on northern etc.). One can easily add
many other connections and relations among spaces.
This secures that the ultimate virtual building design
is not just a assemblage of geometrical spaces but it
can also reflect the demand on how people want to use
the spaces, how the whole design will be perceived,
what impressions and feelings are required from the
environment on the specific site. All the soft demands
can be translated into set of algorithm which ultimate-
ly designs a building. And as everything in D.UM.
when these demands evolve and are changed so does
through the developed script the resulting design. This
ensures dynamic, adaptive and responsive building
design required on the very beginning of D.U.M. idea.

The Grasshopper script itself stands vitally on Kanga-
roo plug-in, which a toolset working with gravity of
geometries. Since the intention is not to design solid
final construction but rather abstract virtual building
design, Kangaroo can work with , floating® spaces and
coordinate them according to set interconnections
and relations. So after selecting proper building site
(boundary curve) and importing guiding data (Excel
sheet — functions, areas, interconnections) the script
assign hight to each space as necessary and starts to or-
ganize them around central gravity point. Also central
geometry (piped line) is guiding the height of whole
virtual building and also the width dimensions. In the
designed script it is possible to adjust force of gravi-
ty to all settings of interconnection and interrelations.
For example if it is more important to group all not
residential spaces together from some reason than
their assigning to not sunlit parts of building, the force
of grouping gravity can be easily set higher than the
sun exposure gravity force.
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4.2.3. Urban Design

The specific case is when D.U.M. identifies as develop-
ing the whole set of sites. This can happen on the local-
ities on the edge of built-up areas, on the large vacant
localities inside the city, or on the large sites marked
as brownfields. In such a cases the abstracted building
design described in previous chapter is not enough.
The more contextual urban design thinking is neces-
sary. This task was completed with the help of para-
metric urban design tools conducted in Grasshopper.

The parametric urbanism is an adaptive approach
enabling embedded constant change in final urban
structure, which makes this approach well suitable
for D.U.M. purposes (described in chapter Complex
Urban Design and Parametric Urbanism). In D.UM.
the parametric urban design basically incorporates
abstracted building design to wider spatial conditions
of specific site to secure linkage to surrounding build-
ings and street and public spaces network. Also it en-
ables to incorporates public demand for public spac-
es design in a similar way how the design of interior
spaces of building is described in previous chapter.

Again this parametric urban design is driven by de-
veloped Grasshopper script. When large building site
(or a composition of several smaller building sites) is
selected as developing, first the input point based on
physical connections are generated. These input points
are interconnected into a form of internal network and
adjusted (internal streets are looped according to nat-
ural directions of movement and their street dimen-
sion is setted — usually between 3-8 meters). When
internal streets are adjusted and subtracted from the
area of selected site, we get slighter site division. An ac-
cording to public demand and assumed development
these slighter sites can be divided further to actual
building sites. In this step also requirements for public
/ semi-public / private open spaces are incorporated.

So the script has now generated where actual build-
ings should be. Now there are no restrains for using
abstracted building design script described in previ-
ous chapter. This procedure gives us ,the floating-box-
es-like” design. But since the curvature of internal and
outer streets does not correlate with perpendicular ge-
ometry of boxes, these boxes are adjusted according to
main streets curves. This procedure finalizes the whole
process of parametric generating of urban design.

D.U.M. | Dynamic Urban Model - 4. Design

D.U.M. of The Isle of Dogs

Urban Design Process
Parametric generating
of urban design
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D.U.M. of The Isle of Dogs
Plan showing design in all scales

area 1:10 000

locality 1:1 000
site 1:500
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D.U.M. of The Isle of Dogs
Proposal of users interface of toolset
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5. Conclusion

An initial intention and also motivation for this work was to try to find an adequate means, toolset or system
how to understand, predict and also design modern cities. How to coordinate partiality interests in a flexible
and adaptive way, because by my opinion that is what is urban planning about. Although in current cities there
is a huge amount of interactions, individual and public interest, so much relations in physical, social and eco-
nomical dimension of urban environment, that the whole design process had to incorporate much more knowl-

edge and variables than it was expected.

The whole process of developing D.U.M. took almost
a year. At first one gets a bit lost when he starts to
get deeper and deeper in the issue of complexity, the-
ories of social networks or emergent systems and their
application in urbanism. But when you orient your-
self, you just understand, that first thing you have to
do is to abstract whole complex issues to the crucial
and measurable variables. Than you have to deter-
mine how to measure them. And after many and many
test when you do so, you just have to find correlation
among all variables. And now there are no restrain
to start modelling. This is looking pretty simple. But
each an every step bring new questions and challenges,
especially when you tries to develop general system.

Let me first describe the achievements of my work
on diploma thesis. During developing D.U.M. I had
to determine most crucial factor to have some inputs
to algorithm operation. And since I wanted to have
a urban model, which really focuses on actual life of
actual people, these crucial determined factors had
to be built on their demand - in the case of D.UM.
on analysis of data produced by urban population.
Determining Connectivity, Intensity and Develop-
ability of urban environment as these crucial factors
is one of the biggest success of this thesis. Under-
standing of cities through these factors is a funda-
mental for whole proposed system. Although D.U.M.
is designed for simple addition of other inputs, these
three are the most appropriate for current cities.

Another accomplished goal required on the very
beginning is an adaptiveness and responsiveness
of proposed D.UM. We can notice calling for ur-
ban planing system which involves concepts of bot-
tom-up development, crowd-sourced self-organ-
ization, flexibility of planning and not designing
restrictive and rigid plans, although certain guaran-
tees and common public interest have to be secured.
And T think I fulfilled these expectations in D.U.M.
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And last thing to mention is complex applicability of
D.U.M. system on a city as a whole. From metropoli-
tan scale down through investigated areas and locali-
ties up to the specific land and sites. Data based virtual
planing and designing of urban structures and build-
ing. There is just one step missing and that is actual
physical buildings. And if it would be necessary and
possible, this extension of D.U.M. as a software guide
for self-assebbling robotic construction system would
not be hard to develop.

D.U.M. is able to analyse social interac-
tions and behaviour of individuals and
translate these into a prediction of evo-
lution of city. Further more assembling
of detailed data enables D.U.M. to cre-
ate virtual site-specific urban design

Now to my initial plans which I failed to meet. First
thing is a intention to develop a piece of software.
Computer app which would integrate all the operation
and processes described in this thesis. Although I was
not able to connect all used software properly (Grass-
hopper + Processing + ArcMAP etc.).

Another kind of failure is partial deceptive application
of certain operations in D.U.M. Meaning my inability
to develop strategic behaviour of multi-agent system,
so the non-strategic had to be used. Or that I was not
able to get any real detailed data describing everyday
lives of urban population in area of interest. So even-
tually I had to simulate these data. But despite of these
weaknesses the proposed modelling and designing
system is at least showing a clear course of spatial plan-

ning of cities as I see it and as I think it should looks
like.
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