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Abdract

This paper focuses on the concept of asudtainable city and its theoretica implications for the urban system. Urban sustainability is based

on pogtive interactions among three different urban sub-sysems: social, economic and physical, where socid well-being coexigts with

economic development and environmenta quidity.

This utopian scenario doesn't appear. Affluent economy is often associated with poverty and criminality, labour variety and urb
efficiency coexist with pollution and congestion.

The research subject is the analysis of local risk and opportunity conditions, based on the application of a specialf disfinition
elaborated and made operative with the production of a set of maps representing the multidimensional facets of sgaialirorganisa
urban sustainability.

The interactions among the economic/social and environmental systems are complex and unpredictable and present the apportunity
new methodology of scientific investigation: the connectionistic approach, processed by Self-Reflexive Neural Networks (SRNN).
These Networks are a useful instrument of investigation and analogic questioning of the Data Base. Once the SRNN leas learned th
structure of the weights from the DB, by querying the network with the maximization or minimization of specific groupstes attri

is possible to read the related properties and to rank the areas.

The survey scale assumed by the research is purposefully aimed at the micro-scale and concerns the Municipality of islilan which
spatially divided into 144 zones.
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1. Introduction: research subject and survey scale

The research subject is the andyss of locd risk and opportunity conditions, based on the gpplication of a
specid definition of sustainable development eaborated and made operative within the environment of the
sameresearch project.

The notion of sugtainable development developed by the mogt highly accredited sources a an internationd
level (Bruntland Report 1987; World Consarvation Union UN 1991; ICLEI 1993, Green Paper on the Urban
Environment - EEC 1991) goes far beyond the concept of environmental protection, since it implies that
condderations mugt be made for future generations and for the longterm hedth and integrity of the
environment. It includes atention to the qudity of life (and not only an increase in income), equality between
persons in the present (intra-generationd equdlity), inter-generationd equdity (the inhabitants of the future
deserve an environment with the sameif not better quaity than what we enjoy today) as wel asthe socid and
ethicad dimengons of human wel-being. It dso implies that each additiona development can occur only if it
does not exceed the load cgpacity of the naturd systems. Thus, it is evident how deding with the difficulties of
sudainable development involves new problems to be solved, and last but not leest the problem regarding an
effectiveintegration of urban policieswithin amulti-disciplinary context.

Within this context, the term sugtainability, refersto problems over an immense scae, from vadt regionsto the
entire globe, focusing aspects reative to consumer processes and degradation of non-renewable resources, and
to the equilibrium of naturd ecosystems, on the modes of life and consumption in their entirety, to
economic/productive macro-transformations.

In a pure ecologicd perspective, the city, as an artificd system, would be unsugtainable by definition and
would orient the sugtainability policies mainly in the direction of minimisng the impact in the naturd
environment.

In effect, the dties inther entirety, in terms of dimensions, number of inhabitants and high levels of pro capita
consumption, are among the entities with the greetest responsihility for the current world-wide environmentd
compdihility criss. But the city has, and higtoricaly has had, amgor role in promoting human well-being and
in offering a quality of life that is different and specific rdated to urban vaues: variety of lifestyles and socid
contacts, divergfication of the job market, promotion of innovations, variety of cultural options, presence of
rare and qualified urban functions.

The demographic dendty that characterises the cities can be used to provide society with a large variety and
choice of jobs, goods, services and recregtiond activities, and to carry out a subgtantia share of movements by
means of public transport, to provide more efficient environmenta sarvices (uch as wagte re-use and
recycling) and to promote architecturd and planning solutions thet are more rationd in terms of energy

consumption.



Only by congdering the urban vaues as resources cgpable of promoting human well-being is it possible to

Identify amore complex concept of sustainability whose objective is based on aseries of factorsfor which only
someinvolve the physical-ecologica quaity of the urban environment.

This issue therefore cannot be dedt with without involving the interactions between the social system (qudity
of life, socid interaction, job, culturd and leisure time opportunities), the economic system (leve of richness,

divergfication of the job market, efficiency of servicesand infrastructures, income and energy codts, investment

opportunities) and the physical-environmental system (settlement morphology, dimetic conditions, residentia

quaity, parks and gardens, production technologies, energy consumption and digposal, communication
technologies, road and trangport networks).

Only positive interactions between the three subsystems represent the pre-conditions thet are essentid for the
life and development of the city. On the contrary, the undesired effects of diseconomies of scale produce
negative externdities of urban degradation, socid marginaization and pollution.

The survey scde assumed by the research is purposefully amed a the micro-scde and concerns the
Municipdity of Milan whichisspatidly divided into 144 zones. This choice may be criticized.

The sustainability of development occurs a each territorid level with specific problematic connotations and
requires adequate and specific polides. Thus, sustainability isatrans-scalar objective by definition.

Infact, it isevident thet the dity, as adisspative Sructure (Prigogine and Stengers 1975) exigssince it activates
a complex system of interactions with its hinterland: the dependencies regarding energy, green aress, labour
force and, on the opposite Side, the impact of pollution, wastes, tourism and leisure time, are known factors of
this dependency.

At andiond or internationd level, other interrdations and scale effects can be identified which lead to other
decisons that are essentid for sugtainability: the choices on energy technologies, the laws on control of
polluting sources, the policies about transport and mobility, thefisca policies on energy consumption.

Thus, sugtainability is an objective that necessarily implies different space-time scaes for which however the
micro-scale expresses problems and opportunities with respect to which the planning policies may play an
important role.

Thedity isin fact an articulated and interconnected system where areas that are spetidly differentiated carry out
different and complementary functions. The identities of neighbourhoods, the socio-economic characters of the
inhabitants, the economic/productive tradition and the spatid sructure and location of the stes and the
networks make the interactions between the three subsystems produce different and unpredictable results. Each
area hasits problems and its opportunitiesto utilisein asingle and specific path toward sustainability.

Thus, focusing ressarch on the micro-scae ismativated in the assumption that local planning policies can, with
anetwork of specific interventions, improve the qudity of life and the atractiveness of Milan with regard to the
hinterland and theinternationa citieswith which it competes



2. Thepotential of thecity and itslimits

As dready dated, to offer a good qudity of life and environmentad compdtibility, the city must dlow its

inhabitants to live in asustainable manner: the concept of availability of sustainable living modds indudesthe

environmentd qudity, the qudity of life and the future success of the city.

Thus, the dties and the urban living modd are potentidly advantageous it terms of environmenta

compdtibility. Thismay creste evident perplexitiesfor the case of Milan.

The reasons for the failure may be better understood by considering (eco) system types of gpproaches which

should make it possible to understand and consolidate the environment compatibility potentid, as an dternative

to andytical and managerid methods, of asectorid and non-integrated nature. For example:

» Theareaswith high urban density, which permit essential scae economies of collective trangport, functiond
pecidisation and variety of activities, often are not supported by a good accessibility and therefore do not
fully utilise their urban development potential. The building decay that often occurs in these Stuations,
might however offer good opportunities for renewad and revitdisation, if gppropriately supported by
trangport policies

*  On the contrary, peripherd areas, which lack a functiona character and are in margind Stuations from a
socid viewpoint, have good accessibility which in itsdf is unable however to activate any process of
revitaisation on thevad derdict lands availableto them.

* Inadynamic setting the process of decentraisation of inhabitants and firms affects urban sustainability in
two folds firs, by cresting high land consumption at low densty with an additiond burden in terms of
urbanisation and trangport cogts and second by reducing the dengity and therefore the precondition of urban
quality. If the conservation of the city's scale economies is a priority sustainability objective, the renewals in
particular of the semi-central areas, which are primarily interested by deconcentration, are fundamental
strategic factor.

» The advantages of economic development contrast with the drawbacks of crime, poverty and
marginalisation.

* Finally the ecological-environmental issue contrasts with a rather unfavourable weather-climatic condition,
an urban presence of green areas that is utterly unsatisfactory to create bio-mass and bio-diversity, and thg
features of urban morphology, that presents evident problems in ventilating and dispersing the pollution.

In summary, based on all the various considerations, it is found that the city, along with objective weaknesses

and vulnerable points, also has important positive factors which can be implemented quite efficiently within a

prospect of sustainability.



3. TheMethodology

The definition of sustainability as a pogtive co-evolution between the three sysems. socid, economic and
physca/environmentd, leads to the methodology adopted that is based on an andysis of the ared conditions

through gppropriate indicators sl ected to encompass the problems and the Sgn of theinteractions.

The operationd task of the research, which lies in the congtruction of maps of risks and opportunities a loca

scale, led us to develop the concept of risk taking in to account his multidimensiondity and the consequent
probabilistic formaization of thisterm.

In fact an urban area should be consdered at risk if various negaive factors affect her sugtainability (i.e.

crimindity, low culturd levd, youth unemployment, low housing qudlity). These dements are often rdated

and point out various areas with Smilar emergency problem;

The complex sructure of these recurrent relationships among indicators may be organized or synthesized by an

“a priori” identification of factors of risk and the consequent choice of a set of indicators. An other direction
should consist in exploring “a posteriori”, through a suitable methodology able to investigate the complex
relationships among Data, the connected phenomena and therefore the groups of indicators to be interprete
and processed.

At this stage of the research, due to the lack of experiences in this topic, the research has moved in two different
directions: the first with the identification of 10 macro-factors of risks, organized in the groups and with the
conseguent construction of six maps of risks and opportunities, and the second through a Neural Network
investigation which has pointed out the underlying relationships among indicators. Both the directions have
been explored and the results are presented in this paper.

3.1 ThedataBaseset up

Since the concept adopted for urban sustainability lies on the interactions among the social, economic and

physical urban system, each of those should be represented by a suitable set of indicators. And therefore:

» Sodal sygem the first group of indicators is used to estimate how the quality of human life is supported by
the functional-environmental structure, that offers local opportunities for social interaction, cultural and
leisure activities, but also risks of social and environmental degradation;

* Economic sygem the second group concerns the complex relationships between residence, job,
professionalism, culture and income of the population;

* Environmental sysem: the third group is designed to measure the economic vitality of the city, the
efficiency of the urban structure, the transformation and investment opportunities to promote the economic
development thus fostering social well being, the negative externalities include the risks of economic
stagnation, reduction of investments and built stock decay.



Externality

Socia-Environmental

Social-Economic

Economic-Environmental

prostitution, thefts,
murders, purse-
snatching and pick-
pocketing)
Under-equipped Urban
Areas (retailing mix)
Pollution (air, water,
sail)

Marginalisation
(unemployment, low
cultural-professional
level, retired personnel)
Commuting, Sub-
urbanisation and
Forced M obility
(emigrates to suburbs,
employed in suburbs,
demogr. decrease,
outflows)

Living Inconveniences
(room occupancy,
sg.m./inhabitant)

System System System
Positive + Occasionsfor Social « High Cultural and « Economic Vitality
Lifeand Leisure Time Professional Level (functional mix of
(places for young (university and high- services to enterprises
people, clubs and assoc., school graduates, male and pop.)
public green aress, and female activity rate) |« Quality of
sports) + High Residential Communication
* Quality of Transport Quality Networks (accessibility
» Qualified Urban (sg.m./inhabitant, by public transport,
Activities (business executives and business airports, motorways)
centres, cinemas, men, domestic help) » Urban Environment
restaurants) » Local Work and Study Quality (green areas,
e Social and Basic Opportunities (self- high real estate values
Commercial Services contained commuter « Renewal Opportunities
(schools, assistance for flows, commuter (derelict lands, high
the elderly, inflows, commuter flows urban density)
supermarkets) within 30°)
Negative e Crime(drug dealing, |« Employment e Pollution (air, water,

soil)

Economic Stagnation
(poor mix of services to
enterprises and pop.)
Built Stock Decay
(dwellings without
indoor bathrooms and
heating, low real estate
values)

Tab.1 Indicators of environmental sustainability risk in Milan

Thework, whichisill inthe completion phase, was carried out according to asequence of articulated phases.
An initid sysemdic collection of the informative materia produced by various sources was used to describe
the physicd-ecologica environment and the socio-economic sructure of the area which was the subject of the
survey.

The congruction of indicators, many of which of the origina source of the work group, made it possble to
cregte theme mapsrel ative to the various sdected indicators.

Then, a method was developed to process the information regarding environmenta issues which made it
possible to establish sgnificant rel ationships between the physica characteristics of the dity from an ecologica
resource point of view (water, ar, green aress, etc.) and the organistion of the urban dructure. A smilar



database, which is updated over time, might offer an "observatory of the interdependencies’ in order to monitor

the actions foreseen by the competent indiitutions regarding planning and environmental issues, as well asto

evduate the compeatibility with the context of foreseen urban projects.

Then, a representation of the “risk or opportunity” of environmental sustainability was tested with reference to
three subsystems, to be compared to the choices currently in effect by the public administration and based on
which to consider the planning forecasts as well as the short and medium-term urbanisation programs.

Finally, a methodology to calculate urban risk was developed to define a classification of areas identified by
points, obtaining a summary framework with references of the situation in Milan in terms of the qualitative-
guantitative distribution of the risk in its entirety.

Preparing the processes of the latter phase should make it possible for the competent organisms and institution
to define actions/projects to re-qualify the urban environment that are aimed toward sustainability, identified on

the basis of precise evaluations in order of intervention priorities.

3. Risk Analyssand Mapping

The identification of factors of risk and consequently of the indicators to be jointly considered, started from an
evaluation of the multiple facets by which the factor arises. Twelve factors have been identified:
Cultural and Professional Level

Suburbanization

Employment Marginalization

Commuting and Accessibility

Crime and Poverty

Living Quality

Qualified Urban Activities

Social and Basic Commercial Services

© © N o 00~ w NP

Occasions for Social Life and Leisure Time
10. Economic Vitality

11. Ecological Quality

12. Renewal Opportunities

3.1 Theconcept of risk and his measurement

The risk state occurs when, given a system and a stress, there is uncertainty that the resistance of the system
greater than the stress to which it is subjected. Stress and resistance can also be indicated with other terms, f
which the most significant used by the international literaturesaaed andwvulnerability. However, there is a

difference between resistance and vulnerability: resistance measures the field of stress within which the systerr



does not sustain a specific damage, while vulnerability consders the fied in which the system exhibits such
damage. High resstance therefore implies poor vulnerability.

Resgance and dress are probability parameters that can be represented as random varigbles with a known
probability dengty (probahility dendty function). The sate of risk occurs when the two probability dengity
functions overlap, defining an area that returns the current risk measurement and therefore the probability of a
specific damage.

The risk concept analysis involves two important evaluations: exposure to the risk and its repetition over time.
Exposure involves an in-depth focus on the socid, economic and physicd-environmental aspectsthat form the
system. Ingteed, the time repetitiveness requires a sochastic modd that can express, in red terms, the moddity
with which the damaging Stuaion arises. Therefore, the risk can be expressad as the product of probability
(frequency) of an event and undesirable consequences having acertain dimensona entity (magnitude):

Ri=PeX M¢ D

where

R, =totd risk
P.= probability of the event
M. = undesirable conseguences (magnitude)

The attribution of the rdaive weights to the probability and magnitude varidbles is very important to ensure
that any iso-risk conditions can be evauated. To thisregard, the data can be represented interms of arisk curve,
that expressthe probability of an event occurring (Pe) with acertain magnitude (My).

To ded with the gpplication issue of the risk concept, we must firgt define the system on which to carry out the
andyss In our case, the three subsystems congdered to this point (Socio-environmenta, Socio-economic,
economic-environmental) must be anaysed with particular reference to their negetive externdities.

Therisk gateis created by the interaction among the variables that form the Structure of each subsystem. Stress
and resstance emerge from the behaviour of the subsystems, are determined by the synergetic action that
occurs within them and are redised within the links of influence. Once the risk levels to be examined are
quantified, the condition exigts to support a planning activity that develops response srategiesin a Stuation of
widespread uncertainty, recognised as being impossible to diminate and connatural with the “urban nature”.
Thus, it is possible to understand the importance that may be attributed to the development of future scenarios

visualised in risk maps.



In an urban environment, where the damaging event has dructura rather than incidenta feetures, it is
indigpensable to consder the main properties of risk: the type of exposure to risk factors and the environment
characterised by the resstance and stress parameters. To eva uate the consequences of a gpecific phenomenon

and to begin programming, the measurements must have a common reference. For us, this is given by the
subsystem being examined in which the risk factors are the “negative” indicators and the statistical areas the
resistance/stress fields.

In relation to the analytical formulation (1), the probability is represented by the number of risk factors and the
magnitude by exceeding the critical threshold (e.g. Milan average) of the value assumed by each
factor/indicator. This makes it possible, for each statistical area, to evaluate the probability of damage occurring
relative to its different levels of manifestation and the entity of the current risk.

For each system, points are attributed to the areas given by the sum of the magnitudes present. The probabilit
is constant since the number of risk factors in the system does not change. The iso-risk condition occurs when
two or more areas reach the same number of points. Their comparison may indicate situations with low but
widespread magnitude and risk equal to situations involving high magnitude but resulting from only a few
factors.

The iso-risk areas offer the opportunity to focus on such a risk concept. When an equal point total (risk) occurs,
the consequence is a comparison between the critical situations.

With equal points, an area may have only two critical factors with high magnitudes and another area with
several critical factors but with limited magnitude. Both cases have the same risk but the effects are certainly
quite different.

The nature of the critical factors is very important. Given the probability as the number of negative externalities
considered (indicators), the magnitude may be widespread without however ever reaching significant levels.
Here, the risk does not have a specific nature. It is an index of a widespread malaise whose risk level is relatec
to the multiple facets of the damage. Otherwise, if the magnitude is zero or almost zero for some factors and
high for others, then its peculiar aspects will emerge. The critical factors may belong to the same group (e.g.
low real estate values and built stock decay) with damage and with effects of a defined or definable nature.
Furthermore, in the same system, they may have a different nature (e.g. air pollution and deficiency in services
to enterprises). In such a case, the synergetic effect produced must be considered, the extent of which is relate
to the type of interaction and correlation among the critical factors.

The importance of the synergy between factors is not limited, however, to iso-risk situations, but extends
throughout the risk/opportunity analysis as it is considered in this framework.

In its entirety, the discussion about risk up to the determination of the points for each single area can be

reconsidered and applied to the calculation of opportunities. Since resources are involved, the magnitude



naturaly is not consdered as damage as aresult of a specific event, but as an expected consegquence induced by
apogdtive externdity.

3.2. Reaults

The maps obtained by the procedures are shown in fig.1, 2 and 3. The disaggregation in different factors dlow
to evidence the quditative variety of urban sustainability. Generaly spesking the peripherd areas are critica by
different points of view and, as expected the center performsbetter with respect to sustainahility.

Nevertheless a more accurate andyss in each interaction gives important indications on the spatid pettern of
urban risk.

The socio-economic risk affects not only the most periphera areas but some semi-centra zones with complex
Interactions of many punctud factors ( poverty, commuting, employment margindization).

The economic-environmentd risk is more expanded snceis produced by diffuse phenomenalike air pollution,
poor accessibility by public trangport, built sock decay and scarce economic vitdity.

Findly the map of socid-environmenta risk affects not only the border areas but also semicentral and centrdl
areas dueto crimindity and pollution.

The opportunities are concentrated in the center and point out the resdentid high standard of living vocation of
the north-west sector, opposed to the vital mix of housing and jobsin the east semi-centrd areas which seemto
present good opportunities of revitdization near the railway stations where the availability of derdlict lands and
the good accessibility are associated with socid ingtability and apoor housing qudity.

4. TheNeural Networksinvestigation

Ove the lagt few years, atificd neurd network modds have generated incressing interest in urban and
regiond anayses. The idea of training the system to carry out operationd capabilities independently as an
adaptive response to an information environment is a fundamentaly new approach to information processing.
Openshaw (1992 and 1993), White (1989), Fischer and Gopd (1992) were pioneering scholars who redlised
the potentid of neurocomputing in Regiona Science. Recent contributions have pointed out the potentid of
some Auto-Associated Neurd Networks when used as a Data Base andogic questioning instrument
(McCldland 1981; Rumdhart et d.1986; Buscema 1994a).

During the learning phase, these Networks behave as normd pattern encoders, while during the recal phese
they use specific dgorithms which are different from the dgorithms used during the learning phase. The
dgorithms dlow the Auto-Associated Neurd Networks to adjust their own answer in a certain number of
deps, which is not pre-determined; moreover, during the answver process, they dynamicaly re-gtructure thelr
target. For thisreason they have been cdled Sdf-Reflexive Neurad Networks (Buscema 1995).
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The Sdf-Reflexive Neurd Networks (SRNN) have been shown to be highly efficient in determining the fuzzy
gmilarities anong different Records in any Data Base (DB) and the relationship of gradud solidarity and
gradua incompetibility among the different Varigbles Therefore, the SAlf-Reflexive Neurd Networks can be
used as prototypical generators, as the means of discovering ethnotypologies and as smulaors of possble
scenariosin any DataBase,

Once the network has learned, it can be queried, and questions asked that we may define as. prototypical,
virtual, and impossible.

The firg quedtion tries to identify the common relationships among varigbles which highlight one or more
prototypes. By activating two or more properties from the DB the SRNN activates the subjects and the other
connected properties which better represent those propertiesimposed externaly. The second question searches
aset of propertieswhich are not found in any subject of the DB. This does not mean that in the future it will not
be possible to add other subjectsto the DB that would have those same features. In some repectsthisisamore
intereting and useful gpproach to query a SRNN. In fact, we can envisage an imaginary city, which
corresponds to some ided targets (i.e. an ecologica city with low pollution and high cultura facilities) and
evauate the related consequences. With the third question the network is queried about properties which cannot
belong to any of the DB subjects a the sametime. Neverthdess, according to the fuzzy set theory, it is possble
to conceive of a subject that in some respect belongs to both types, as afuzzy intersection of two incompatible
sets of the dassicd set theory. This goproach seems promising and may |ead to ingights about the relaionships
among urban assats while stressing the underlying common structure.

4.1. Sdf-Reflexive Neural Networks

There are many agorithms and many topol ogies by which to optimise the learning connections matrix of Auto-
Asociaed Neurd Networks. There are d<o different dgorithms to dynamicaly question Auto-Associated
Neurd Networksthat have areedy been trained.

Here we want to show one type of Auto-Associated Neurd Network, caled the recirculation neurd networks,
which answer dynamicadly during the recal phase. Since they are dso dble to re-dtructure their own target
during the answering process, they have dso been called Sdlf-Reflexive Neural Networks (Buscema 1995).

4.11. Recirculation Neural Networks

These Networks are dready known in literature (Hinton and McCldland 1988). The Recirculation Neurd
Network modd thet we created conssts of a 2-layer architecture, with 3 operating eps and is very specid. In
fact, we must distinguish between vishle and hidden Input and Output units as well as between hypothetical
andreal.



4.12 Recirculation learning

We define the Input vector &~ as Real Visble Input. Starting from &7 it is possible to perform afirst step to
calculate aReal Hidden Output a. In asecond step, retroacting from the Output to the Input, and starting from
a%, itis possible to caculate a Hypothetical Visible Input, &' . In athird step, starting from &', it is possible to
calculate aHypothetical Hidden Output a, .

Therefore, thesgnd in aRecirculation Neurd Network istrandferred in 3 seps

. t; Red Visblelnput (aF) Real Hidden Output (37)
* t; Real Hidden Output () Hypothetical Visible Input ()
* t; Hypothetical VisbleInput (a') Hypothetical Hidden Output (a,).

Learning occurs when the Hypothetical Visible In@jf) feproduces each Real Visible Ing(f; this means

that the 2 Hidden unit vectors; anda’, have created their own internal representation of the Input vector
R

a .

Real .
Signa— Hldflgyn Outpu
—
Hypothetical Visible Input
Signal Layer

The weights matrix of a Recirculation Neural Network consistsiiimum gradient connections between the

Input and the Output layer. Therefore, if thereNuaput Nodesa™ in a Recirculation Neural Network, the
weights matrid\gj will be made up oN2 connections. The learning algorithm of the Recirculation Neural
Network occurs in 2 steps; each time the signal is filtered by the Realdffjuib the Hypothetical Output

(a)), 2 corrections are made on the same weights matrix: the first one considering the difference between the
Real Input and the Hypothetical one, the second one calculating the difference between the Real and the
Hypothetical Output. In this way, the Recirculation Neural Network converges after a very low number of
cycles. The transferring equations of the signal are the following:

1
1+ Exp(— Netf) ’

(1) afzf[g;%wwo[g:f('\letf):

2 Net!=YW,&F;



) a' = RE"+(1- R) (Net! ; O0<R<1
4) Nety =% W @' +6o;

5 al = RAR+(1-R 3
() 0 0 ( ) 1+ Exp(—Net;)

U

In our experimentation we have chosen R=0.75.
Thelearning dgorithm conssts of two equations; each of them corrects the same Wwe ghts matrix:

6 AW, =Rate@}({a"-a'); o0<L
() AW, =Ratela' (a] -a,);
(8) A@, = Rate[{a® -a/) .

4.13 The Recall phase of the Recir culation Neural Network: the Re-entry

With regard to thiswe have devel oped atechnique called the Re-entry (Buscema 1994b).

We consider the answer of a Network during the questioning phasei afsrmation Input Re-entry process’

in Output, for a number of steps independently decided by the same Network, according to the type of Input
that the Network is processing. We called thisReentry technique. This mechanism is used to state 2
important methodological concepts and creates a practical advantage. The first point of the method is the
following: when reacting to a stimulus, the Network not only has to handle the information internally, but it
also has tgerceave its own handling of the information. This means the information produced by the new
Input stimulusmust be allowed to circulate internally, until such information has been integrated (deformed)
with the previous information that the Network has codified in its own weightsRéHeigry mechanism is

internal to the Network and it is impossible to know how many Re-entries a Network will need in order to
stabilize its own Output answer for any Input. The algorithm of any Re-entry is very simple: it consists in “re-
introducing” the Output just generated by the Network as a new Input until the Output which is generated each

time stops changing:

WHILE
9) (Uo(n-1) # Uo(n))
DO
(10)  Ui(n+1)= Uo(n)
where:

Uo = Output vector
Ui = Input vector

n = answering cycle



Itisasif the actud Output of the previous cyde is the target desired by the Network. In the case this has not

occurred, we carry on with theforcing in of the Output obtained in the Input of the following cycle. Thissmple

mechaniam dlows the Network to process the interpretation that it is providing to the externd gimuli and to

stabilize its own answer just when it has “digested” the external Input through a re-evaluation of its own
activity. The Re-entry configuresnaeta activity of the Network, digher control activity on its own activities.

In this sense the name Re-entry is not a bad analogy with the concept of Re-entry drawn by Edelman in his
Neural Groups Selection theory (Edelman 1992). The second point of the method is perspective. With the Re-
entry it is possible to imagine a learning activity and an answering activity of the Network that learns, evaluates,
deforms and answers to the Input stimuli that continuously activate it. There is also a practical advantage in
using the Re-entry when questioning a Network: Netfgodes itsinter pretation against an unknown Input as

much as it can. This allows it to read the Gestalt of many stimuli against which those Networks, which are not
given the Re-entry, confuse or banalize their answer.

In a Recirculation Neural Network the Re-entry technique is particularly useful and simple: during the
guestioning phase the Real Input consists of the type of question that we want to ask to the Data Base.
Therefore, the Real Input vector is first transformed into Real Output and then into Hypothetical Input, through
the transferring equations that were already described. At this point, we measure the distance between the twc
Input vectors (Real and Hypothetical) and if this is higher than a certain tolerance value (close to zero) the
Hypothetical Input values aferced in again in the Real Input for a second cycle. Also in this case the number

of cycles which are necessary to stabilize the system is independently decided by the Recirculation Neural
Network. During the learning phase the Recirculation Neural Network, through its own weights matrix, draws
thehypersurface defined by all the Variables present in the Data Base.

During the questioning phase, the Re-entry used this hyperduortisiarm the new Input in the Input vector

which is nearest to those one already defined by the weights matrix.

Therefore, the stabilisation process of Recirculation Neural Network occurs througimigation of the

internal energy of the Network, starting from the perturbation that the Network has undergone in the Input. It is
also possible, in this case, to adjust the Records of the Data Base as an additional layer of the Nodes of the
Recirculation Neural Network during the questioning phase. This means that we create a new weights matrix,
with the same technique described for the Constraint Satisfaction Neural Network, between the layer of the

Hypothetical Input that represent the Variable of the Data Base and the new layer of Nodes-Records.



4.14 Thewaysof quegtioning a Data Base

The Recirculation Neurd Networks represent one interesting way to question a Data Base in an andogic

manner. We could say that they function as a Structural Query Language with fuzzy borders. These Networks

can be used to cregte:

» Dynamic smulations of scenarios how the entire Data Base would sructure itsdf again if certain variables
assumed specific vaues, in agable or temporary way.

» Associating Process based on meaning: which are the prototypical meanings of a group of variablesin a
specific data base and how agroup of contradictory variables can work together.

Compared with other associative networks, such as Condraint Satisfaction Networks (McCleland and

Rumehart 1988, Buscema 1994c), these Recirculation Networks have avery different way of deding with and

trying to resolve these problems. The Recirculaion is a co-operative kind of Neurd Network: dl its units

cooperate during the answering process to minimize the perturbation produced by the “question” asked of the

Data Base. The answering process stabilizes on a value that is the respityéanegotiation among its

weights and its Nodes to resolve a conflict and to maintaomeodass. this is its value but also its limit.

Nevertheless, its sequential dynamics are still important and complex, since they are very similar to the

associating dynamics of human memory.

4.15. Network query: some experimental results

In order to identify the common relationships between variables it is possible to query the network asking
prototype-like questions. In our case, activating the variables contained in the database, the SRN activate the
areas and those variables connected to them that best represent the properties imposed by the external world.
In the query phase some indicators were examined that are considered important in the study of urban
phenomena. The results of the experiment are reported below.

Case1: (Population density = +1)

The areas with the highest population density are also the most residential, with many privately-owned
dwellings, with the presence of diploma holders and university graduates, with a high rate of male activity, high
real estate values, where public transport is used and where sometimes the crowding index is high.

In essence, there is a spatial pattern that highlights some semi-central areas (with higher point values) in which
accessibility conditions are often limited by the non-passage of the subway. The fact that public transport is still
used emphasises the conflict that sometimes arises between supply and demand of urban services.



Caxe2: (Crimeindex= +1)

A high crimerateis rdaed to postive externdities such as aresdentid sector, diploma holders, mde activity
rate, accessibility, red estate vaues and use of public trangport, and to negative externdities such as emigration
to the suburbs and commuter traffic.

Among the 72 areasinduded in the survey it isinteresting to note how the highest point values are dtributed to
the aress surrounding the Centrale Station, in which there is a concentration of location advantages and the
gretest number of minor crimind activities.

Case 3: (Accesshility = +1)

In relation to accesshility, the variables activated include the presence of university graduates as wel as
executives and busnessmen, and the red edtate vaues of offices This demondrates the srong correlation
between high culturad/professond leve, good accessihility and choices for locating enterprises which, as we
will seefurther on, isbased on an dtractive urban context especidly interms of qudity.

Case 4: (Real edate values = -1, derdict lands = -1, housng without bathroom and heating = +1, use of
privatevehide= +1)fig. 4

Activating these variables the rdaed properties highlight some simultaneous e ements of conflict especidly in
the semi-centrd aress. In fact, there are evident signs of urban degradation such as a high crime rate, congtant
emigration to the suburbs and, to a certain extent, astrong presence in the population of people over 65 years of
age, but smultaneoudy there are aso good correlations with the presence of univerdty graduates, executives
and businessmen and with the mae activity rate. All this confirms the fact that more or less locdized and
gpecific degradation phenomena often co-exist with certain dements of urban atractiveness. To thisregard it is
ggnificant that the areas adjacent to Sations have the highest point totals.

Case5: (Population density = +1, accessibility = +1) fig. 5

In generd, the result of such aquery is agood and sometimes excdlent urban qudity. The variables activated

include the presence of diploma holders and universty graduates, the high percentage of privately-owned

housing, the mde activity rate, red edate vaues and the use of public transport, while the only negetive
externality is the room occupancy index. Once again a “mixed” condition is expressed that identifies

degradation phenomena in the areas with strong attractiveness.

Case6: (Real edtatevalues= +1)
Activating the variable relative to the real estate values it is interesting to dwell on the different behaviour

assumed by the three types considered here: housing, stores and offices.



Population density 034 | Population density | 092 |
Residential index 0.64 Residential index 0.62
Population prevailing age 0.50 Population prevailing age 0.20
Privately-owned dwellings 0.12 Privately-owned dwellings 0.85
University graduates | 0.97 | University graduates 0.79
Diplomaholders 0.38 Diplomaholders 0.95
Adults with secondary school degree 0.10 Adults with secondary school degree 0.17
Adults with primary school degree 0.04 Adults with primary school degree 0.09
Male activity rate | 0.77 | Male activity rate | 0.90 |
Female activity rate 0.61 Female activity rate 0.09
Executives and businessmen [076 | Executives and businessmen 0.27
Employed as domestic help 033 Employed as domestic help 0.05
Unemployment under 30 years of age 0.02 Unemployment under 30 years of age 0.21
Employed in suburbs 0.18 Employed in suburbs 0.09
Emigration to suburbs 0.03 Emigration to suburbs 0.08
Emigration to region [o71] Emigration to region 0.27
Room occupancy 009 Room occupancy | 0.73 |
Demographic decrease 0.01 Demographic decrease 006
People over 65 years of age o7 | People over 65 years of age 0.13
Dwelling for sq. km. 0.35 Dwelling for sq. km. 0.45
sg. m. /inhabitant 0.68 sg. m. /inhabitant 0.13
Public green areas 0.00 Public green areas 0.01
Accessibility 0.03 |Accessibility | 099 |
Crimeindex 0.94 Crimeindex 0.27 .
Housing rents -0.73 Housing rents o9 |
Stores rents -0.75 Stores rents 0.31
Officesrents -0.75 Officesrents [o937]
Derdlict lands surface -0.75 Derélict lands surface 0.00
Entering commuters/population 0.02 Entering commuters/population 0.03
Exiting commuters/population 0.61 Exiting commuters/population 0.60
Use of public transport 0.32 Use of public transport |09 |
Housing without bathroom 0.97 Housing without bathroom 0.04
Housing without heating 0.90 Housing without hesting 0.13
Not available housing 0.38 Not available housing 0.13
Buildings mean age 0.05 Buildings mean age 0.06
|Use of private transport | 077 | Use of private transport 0.08
Figure 4 - Activation (or inhibition) of the outlined variable and the consequent Figure 5 - Activation of the outlined variable and the consequent prototypical

prototypical profile on the other nodes. On the left the activated areal units profile on the other nodes. On the left the activated areal units



Thevaue of housing isrdated to accessibility, the use of public transport, the vaue of offices, the mae activity
rate, the presence of diploma holders and university graduates, the percentage of privately-owned housing as
wel as the room occupancy index. This outlines a Stuaion in which there are areas of the historica centre
together with the semi-centrd areas with the grestest resdentid characteridic, flanking the aress near the
Centrde Station where thereishigh bility and Sgns of degradation represented by the room occupancy
index.

Thevdue of soresis corrdated not only with agood urban quality expressed by the redl estate vaues of other
categories, but dso the resdentid characteridtic, while the vaue of offices is rdated to the presence of public
green aress and to the accessibility as peculiar conditionsfor agood qudlity of the urban environment.

5. Conclusions

The anadysis performed made it possible to identify the opportunities and the risks on a micro-urban scae and

to lay the foundations for the development of a sat of dtrategies for sugtainability that focus on at least two

objectives for Milan: the liveghility of its inhabitants and the maintenance-improvement of its pogtion in the

network of European cities,

After completing the andys's, that may offer the opportunity, on amicro-planning scale, to develop a series of

specificinitiatives, it would seem however that territorid policy guiddines emerge on an urban leve that can be

sructured according to Some priority strategic dements, that can be summarised in attributing:
» accesshility to the dense points of the urban dructure: the scae and agglomeration economies assume
high settlement densitiestogether with high accessibility. Inasmilar fashion, the Stes equipped with grester
urban vitdity, such as commercid backbones or the areas with a high functiona mix, are adequatey
supported by safety and environmenta quality policies. For example, the commercid axes , which is the
foca point of the north-west sector, has no subway accessibility. Smilarly, the numerous projects in the
Bicocca area conflict with an evident lack of rgpid access ways. For what concerns the leisure time and fun
gtes, thereis a progressive concentration of areas from C.so Como-Brerato Navigli that are not supported
by efficient accessibility;
» polarising functions and high settlement dengties where accessibility is present. Many outlying aress
have enhanced accessibility due to the presence of subway lines. Within areticular logic structure that can
restore the equilibrium to the divergence in qudity and functionad mix among the various parts of the city,
urban service functions for the population and companies could be located in proximity to subway dations,
thus revitaliang the context. To this regard, the Polytechnic has had important experience & Bovisatha ina
few years has dready crested a condderable Sde-busness network and greetly improved the sfety
problem;



e improvement of environmental quality whose degradation is not only a damage for the inhabitants but
dso greatly inhibits its devedlopment since today it is dso a fundamentd factor that dissuades many
economic activities from locating there. The new orientations of ecologica urban planning (such as those
adopted in Berlin and Munich) with the design of ecologica corridors thet fortify the city and connect the
few adequatdly sized green areas, improve the conservation of the bio-mass and the bio-diversiy.
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