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Preface

These six volumes (LNCS 13377–13382) consist of the peer-reviewed papers from the
workshops at the 22nd International Conference on Computational Science and Its
Applications (ICCSA 2022), which took place during July 4–7, 2022. The
peer-reviewed papers of the main conference tracks are published in a separate set
consisting of two volumes (LNCS 13375–13376).

This year, we again decided to organize a hybrid conference, with some of the
delegates attending in person and others taking part online. Despite the enormous
benefits achieved by the intensive vaccination campaigns in many countries, at the
crucial moment of organizing the event, there was no certainty about the evolution of
COVID-19. Fortunately, more and more researchers were able to attend the event in
person, foreshadowing a slow but gradual exit from the pandemic and the limitations
that have weighed so heavily on the lives of all citizens over the past three years.

ICCSA 2022 was another successful event in the International Conference on
Computational Science and Its Applications (ICCSA) series. Last year, the conference
was held as a hybrid event in Cagliari, Italy, and in 2020 it was organized as virtual
event, whilst earlier editions took place in Saint Petersburg, Russia (2019), Melbourne,
Australia (2018), Trieste, Italy (2017), Beijing, China (2016), Banff, Canada (2015),
Guimaraes, Portugal (2014), Ho Chi Minh City, Vietnam (2013), Salvador, Brazil
(2012), Santander, Spain (2011), Fukuoka, Japan (2010), Suwon, South Korea (2009),
Perugia, Italy (2008), Kuala Lumpur, Malaysia (2007), Glasgow, UK (2006),
Singapore (2005), Assisi, Italy (2004), Montreal, Canada (2003), and (as ICCS)
Amsterdam, The Netherlands (2002) and San Francisco, USA (2001).

Computational science is the main pillar of most of the present research, and
industrial and commercial applications, and plays a unique role in exploiting ICT
innovative technologies. The ICCSA conference series provides a venue to researchers
and industry practitioners to discuss new ideas, to share complex problems and their
solutions, and to shape new trends in computational science.

Apart from the 52 workshops, ICCSA 2022 also included six main tracks on topics
ranging from computational science technologies and application in many fields to
specific areas of computational sciences, such as software engineering, security,
machine learning and artificial intelligence, and blockchain technologies. For the
52 workshops we have accepted 285 papers. For the main conference tracks we
accepted 57 papers and 24 short papers out of 279 submissions (an acceptance rate of
29%). We would like to express our appreciation to the Workshops chairs and co-chairs
for their hard work and dedication.

The success of the ICCSA conference series in general, and of ICCSA 2022 in
particular, vitally depends on the support of many people: authors, presenters, partic-
ipants, keynote speakers, workshop chairs, session chairs, organizing committee
members, student volunteers, Program Committee members, advisory committee



members, international liaison chairs, reviewers, and others in various roles. We take
this opportunity to wholehartedly thank them all.

We also wish to thank our publisher, Springer, for their acceptance to publish the
proceedings, for sponsoring some of the best papers awards, and for their kind assis-
tance and cooperation during the editing process.

We cordially invite you to visit the ICCSA website https://iccsa.org where you can
find all the relevant information about this interesting and exciting event.

July 2022 Osvaldo Gervasi
Beniamino Murgante

Sanjay Misra

vi Preface
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Welcome Message from Organizers

The ICCSA 2021 conference in the Mediterranean city of Cagliari provided us with
inspiration to offer the ICCSA 2022 conference in the Mediterranean city of Málaga,
Spain. The additional considerations due to the COVID-19 pandemic, which neces-
sitated a hybrid conference, also stimulated the idea to use the School of Informatics
of the University of Málaga. It has an open structure where we could take lunch and
coffee outdoors and the lecture halls have open windows on two sides providing
optimal conditions for meeting more safely.

The school is connected to the center of the old town via a metro system, for which
we offered cards to the participants. This provided the opportunity to stay in lodgings in
the old town close to the beach because, at the end of the day, that is the place to be to
exchange ideas with your fellow scientists. The social program allowed us to enjoy the
history of Malaga from its founding by the Phoenicians...

In order to provoke as much scientific interaction as possible we organized online
sessions that could easily be followed by all participants from their own devices. We
tried to ensure that participants from Asia could participate in morning sessions and
those from the Americas in evening sessions. On-site sessions could be followed and
debated on-site and discussed online using a chat system. To realize this, we relied on
the developed technological infrastructure based on open source software, with the
addition of streaming channels on YouTube. The implementation of the software
infrastructure and the technical coordination of the volunteers were carried out by
Damiano Perri and Marco Simonetti. Nine student volunteers from the universities of
Málaga, Minho, Almeria, and Helsinki provided technical support and ensured smooth
interaction during the conference.

A big thank you goes to all of the participants willing to exchange their ideas during
their daytime. Participants of ICCSA 2022 came from 58 countries scattered over many
time zones of the globe. Very interesting keynote talks were provided by well-known
international scientists who provided us with more ideas to reflect upon, and we are
grateful for their insights.

Eligius M. T. Hendrix
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Abstract. The process of economic, social, and cultural development leads to
relevant changes in urban areas. Urban transformations usually generate a series
of public and private real estate compounds which constitute real obstacles to
urban walkability. The growing attention towards the sustainable development
goals established on a global scale introduced new contents in urban redevelop-
ment policies, aimed at favoring higher levels of accessibility in the consolidated
fabric, particularly that of the pedestrian type. In addition, the recent pandemic
has recently reassessed the role of pedestrian mobility as a primary way of mov-
ing instead of using other means of transport. As a result, urban walkability has
moved at the core of the sustainable city paradigm. More precisely, issues related
to accessibility andwalkability should be consideredwhen addressing the obstacle
generated by those sites that can be properly defined ‘urban enclaves’, especially
when abandoned or under redevelopment. These conditions may encourage the
gradual reopening of these areas for citizens. Within this framework, the Sustain-
able Urban Mobility Plan (SUMP) can represent a strategic tool for identifying
the critical aspects to face for the creation of a new network of pedestrian routes
aimed at improving urban walkability. The objective of this study is to define
a set of principles and criteria, both tangible and intangible, for calculating the
proximity index (PI). The PI may consequently drive urban regeneration projects
also through the design of new paths for crossing the enclaves to improve urban
permeability and, therefore, the level of walkability (This paper is the result of
the joint work of the authors. In particular: Sect. 1 and 3 have been written by M.
Ladu; Sect. 2 by F. Camerin; Sect. 4 and 5 by G. Balletto and M. Ladu.).

Keywords: Sustainable mobility · Walkability · Urban enclaves

1 Introduction

The current health crisis has made even more evident specific problems affecting con-
temporary urban areas. Various levels of government have addressed them to promote
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sustainable development models. Environmental crisis and, more precisely, atmospheric
pollution, stands out because it influences the health condition of people [1, 2], so it
requires new urban planning paradigms based on the theories of the 15 min City [3] and
the Proximity and Health City [4]. These solutions, in turn, bring the challenges related
to walkability and accessibility back to the center of the recent urban debate.

Mobility plays a fundamental role in this context as it is the result of a complex phe-
nomenon of economic and social interaction between various territorial-scaled activities
and the transport system, which responds to a derived need. The latter is generated by
the physical form and the organizational and functional structure of the territory.

Within this framework, if mobility represents the potential ability to travel, accessi-
bility is the measure of this attitude and represents an interaction between people, goods
and activities located in different places. Accessibility has historically been defined as
the degree of ease with which an individual can reach a spatially distant place using a
specific transport system [5]. It means that accessibility depends on four main factors:

– characteristics of the individual;
– distribution of activities on the territory;
– place of departure and arrival; and
– transport system that connects a specific area to the other located in the territory.

Until the 1990s, accessibility was linked to a dual concept that led to the recognition
of the transport system as the main response to the demand for local mobility. From
the 1990s, web technology and, in general, ICT systems, have led to major changes
in the ways of relating and using activities located in the territories, transforming the
consolidated dual paradigm (spatial proximity-physical mobility) into a tripolar system
(spatial proximity-physical mobility-digital connection) [6]. The pandemic has then
increased the value of digital connection systems in guaranteeing adequate accessibility
to primary services and more. At the same time, the need to ensure inclusive, safe,
healthy, and sustainable cities has brought attention back to open spaces and sustainable
urban mobility, including slow and pedestrian mobility. The health crisis has indeed
highlighted the need of individuals to move on foot to reach the main urban facilities

Fig. 1. The walkability as a transversal element of the tripolar system of accessibility (spatial
proximity- physical mobility-digital connection). Author: Ladu M. (2022).
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[7], making pedestrian mobility a transversal element of the tripolar system (spatial
proximity-physical mobility-digital connection) (see Fig. 1).

Within this framework, the Urban Sustainable Mobility Plan (SUMP) may represent
a stimulating planning tool for achieving the Proximity City, guaranteeing higher levels
of pedestrian accessibility and, therefore, quality of urban life. The promotion of urban
walkability, to achieve also by expanding bike and pedestrian paths to reduce vehicular
traffic, contributes not only to decrease air pollution levels but also to responding to the
need for healthier lifestyles. Despite this growing awareness, a significant obstacle to
the realization of the urban walkability project is represented by the public or private
real estate sites often unused [8]. Due to their size and architectural features, these areas
represent impenetrable places, a sort of real enclave in the urban fabric.

Starting from these assumptions and the analysis of the potential role that the Urban
Sustainable Mobility Plan (SUMP) plays to face the new challenges of the sustainable
city in Italy, this paper proposes a methodology for calculating an index aimed at mea-
suring the degree of transformability of urban enclaves. It is believed that the attribution
of the degree of transformability can prove to be functional to the definition of urban
planning strategies aimed at improving and increasing the existing pedestrian network.

After the first section (Introduction), the rest of the paper is organized as follows:
second section: Literature review, dedicated to an in-depth study of the concept of urban
enclaves, especially in reference to the case of the military settlements (Sects. 2); third
section: Materials, wherethe opportunities of the Sustainable urban mobility plan and
the most relevant aspects of a recent planning experience in Italy are discussed (Sects.
3); fourth section: Method, which focuses on a methodological proposal to improve
urban walkability through the Proximity Index (PI) (Sects. 4); Results and Conclusions
are drawn in the fifth section, where the main research results carried out are presented,
together with the future developments of the study (Sects. 5).

2 Urban Enclaves. The Case of the Military Settlements

Enclave is a term derived from the French eclaver, i.e. “to close with a key”, and from
the vulgar Latin inclavare, “to lock up”. It defines closed and sheltered spaces that can
be possibly opened with an entrance from the outside to the inside and vice versa.
Due to their condition and position, enclaves maintain a close relationship with their
surrounding context. The notion of enclave, which is significantly reviewed by Aiello
[9], is often applied to research on gated communities. In this field of study, enclaves
are pretty much defined by the presence of “gates, walls, and guards” [10]. From a
spatial planning point of view, this definition can be quite literally applied to a specific
kind of enclave in urban environments, i.e. military settlements, which are large land-
consuming spaces immured. Their relevant presence in the Italian cities relied on the need
to provide accommodation and training areas for soldiers since the Italian Unification.
The realization of these settlements followed specific architectural and urban schemes
according to an international debate among military engineers [11]. The condition of
enclosures was also characterized by their location at the border of the 19th-century
Italian city centers and their condition of a large piece of land excluded from the real
estate dynamics. These factors have strongly contributed to making them drivers of
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urbanization patterns over decades. As a matter of fact, urban historians [12, 13] claimed
that quartering usually overcame planning rationales due to national security needs and
provided ad hoc enclosures that have been both physical and conceptual barriers that
separate the military from civil society. It is in this sense that military settlements cannot
be considered only topographical locations in the city, but the military interacts with
the local population, even though the latter is usually forbidden to enter the military
enclosure.

The end of the Cold War and the dissolution of the Soviet Union in 1991 was
a pivotal event that implied strong geopolitical changes and territorial repercussions
such as the Forced Army’s reorganization and rationalization. As a result, thousands of
military settlements have faced closure since the 1990s [14]. The conversion of former
defense sites became a significant challenge in terms of urban regeneration that took
decades to complete due to a variety of factors [15]. In particular, once abandoned,
military enclosuresmay lose theirmeaning as immured spaces for fostering newmobility
patterns. Behind the perimetral wall, the morphology of military sites is made up of
precise layouts. Wide-open and green areas for circulation and training give military
enclosures the potential value for developing new urban mobility planning schemes on
the basis of slow-mobility routes. This, in turn, may improve urban permeability and
thus the level of walkability. The same opportunities may be tied to other public-owned
sites that, like military sites, show similar architectural and urban planning schemes that
give them the status of proper “urban enclaves” (see Fig. 2 and 3).

Fig. 2. Abandoned “Tommaso Salsa” barracks as urban enclave, Treviso (IT). Source: photo by
F. Camerin.
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Fig. 3. Abandoned “Tommaso Salsa” barracks as urban enclave, Treviso (IT). The perimeter wall
of the military site. Source: photo by F. Camerin.

The focus of this study is precisely on the appropriateness of the regeneration of
such sites with the aim of providing useful tools to guide the proximity city project.

3 The Opportunities of the Sustainable Urban Mobility Plan

In Italy, the Sustainable Urban Mobility Plan (SUMP) is a strategic planning tool based
on the principles of integration, participation, monitoring, and evaluation drafted to meet
the demand of mobility for people and goods. The SUMP aims to ensure the right to
mobility, without burdening, as far as possible, in terms of air and noise pollution, traffic
and road accidents. It is a tool that contributes significantly to improving the quality of
life and the environmental performance of urban areas in order to ensure a healthier urban
system within an overall framework of sustainable economic and social development. In
contemporary times, characterized by a return to the principles of the Walkable City, the
SUMP can represent a strategic planning tool to support the realization of new scenarios
of walkability.

The case ofModena stands out within recent experiences of sustainable urbanmobil-
ity planning (see Fig. 4). Here was made an attempt to ensure the integration of the two
forms of active urban mobility, i.e. walking and cycling. More precisely, the creation
of a new network of pedestrian paths was highly integrated with the cycle paths’ one.
Another relevant aspect of this experience concerns the ability to recognize the strong
interactions between mobility systems and urban development issues. The SUMP [16]
was developed in full synergy with the local development plan (LDP) of the Munici-
pality of Modena. This approach is at the base of the sustainable urban planning that
tends to manage the demand for mobility, coordinate development policies, contain land
consumption, and pursue urban quality.
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Fig. 4. Existing and planned pedestrian and cycle paths, SUMP, City of Modena (July, 2020).
Source: https://www.comune.modena.it/servizi/mobilita-e-trasporti/pums/documenti-pums

Considering the obstacles generated by the urban enclaves in the development of
a Walkable City, the authors argue that the SUMP should become a strategic tool to
highlight and address these critical issues, especially regarding the positive externalities
that the opening of pedestrian and/or cycle paths could generate in the urban environment.
These types of interventions affect urban morphologies so may contribute to transform
immured sites into opportunities for mobility [17]. The creation of new networks of
pedestrian and/or cycle paths ensures higher levels of urban walkability, as well as
proximity to urban facilities, in line with the 15-min city paradigm [18, 19].

4 A Methodological Proposal to Improve Urban Walkability: The
Proximity Index (PI)

The need to guide design choices aimed at creating new pedestrian paths within the
city led the authors to develop a methodology for calculating the proximity index [20].
It required the definition of a series of indicators to evaluate the positive externalities
generated by the opening of a pedestrian and cycle path within an enclave.

The method used is based on the Deming Cycle framework [21] which allows a
continuous monitoring process and result.

In particular, the method is divided into the following phases (see Fig. 5): i) Plan:
phenomenon observation (survey and analysis of urban enclaves) and goal definition;

https://www.comune.modena.it/servizi/mobilita-e-trasporti/pums/documenti-pums
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ii) Do: desk analysis and dataset evaluation to define a set of indicators and index
construction (PI); iii) Check: comparison of the results (values of the PI associated
with each enclave) and intervention priority assessment; iv) Act: promotion of urban
regeneration policies (definition of a time schedule of interventions according to the
priorities identified by the PI).

Fig. 5. Methodological framework based on the Deming Cycle. Authors: Balletto G., Ladu M.
(2022).

The five indicators we are proposing are fundamental to represent the characteristics
of a single building or public real estate complex (intrinsic characteristics), and those of
its context (extrinsic characteristics):

1) Attractiveness indicator (A): this is given by the product between the number of
functions located in the context and the weight (wa) from 1 to 10, which increases
as the variety of functions increases;

2) Uniqueness indicator (Un): this is given by the product between the number of
potentially feasible crossings in the enclave and the weight (wun) from 1 to 10, which
reaches the maximum value if there are no alternative crossings in the immediate
vicinity and there is no possibility of make new ones;

3) Usability indicator (Us): this is defined as the degree of difficulty in walking the
crossing, determined by the physical characteristics of the space to be crossed,
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whether it is open or closed. It assumes a value between 1 and 10 (wus), where 1
represents themaximumdegree of difficulty and 10 theminimumdegree of difficulty.

4) Satisfaction indicator (S): this is given by the product between the number of inhab-
itants who would benefit from the opening of the crossing in the neighborhood and
the weight (ws) from 1 to 10;

5) Feasibility indicator (F): this is defined as the degree of technical and economic
difficulty in making the crossing. It assumes a value between 1 and 10, where 1
represents themaximumdegree of difficulty and 10 theminimumdegree of difficulty
(wf).

The Proximity Index (PI) is given by the sum of these indicators, according to the
following formula:

PI =
n∑

i=5

Ii/50 (1)

where: Ii = A, Un, Us, S, F for i = 1, 2,3,..5 and, consequently, 0 ≤ PI ≤ 1.

5 Results and Conclusions

The analysis of the indicators of attractiveness (A), uniqueness (Un), usability (Us), sat-
isfaction (S), and feasibility (F), appropriately weighted, and the subsequent calculation
of the Proximity Index (PI), provide an assessment of the degree of transformability of
the urban enclaves in relation to the possibility of creating a network of pedestrian paths.
More precisely, after selecting sites having the characteristics of “urban enclaves”’, the
PI assigns a different degree of priority of intervention to each of these parts of the city.
It defines a hierarchy in terms of positive externalities that can be generated by the pro-
gressive opening of the immured sites for the construction of pedestrian and / or cycle
paths. In this sense, the PI represents a useful tool to support the decision-making pro-
cess in the implementation of urban regeneration projects aimed at pursuing the model
of Proximity City.

Moreover, this index may stimulate the introduction of temporary and/or transitory
interventions in urban governance. As a matter of fact, the indicator referring to the
feasibility informs about the possibility of creating new pedestrian crossings in certain
urban enclaves, even before defining an overall redevelopment scheme for the entire site.
It is believed that such transitory interventions, aimed at promoting urban walkability,
can increase the attractiveness of the property, give it a new identity, and facilitate the
choice of new uses.

The present study recognizes the role of the SUMP as a strategic tool to integrate the
issues concerning the regenerationof urban enclaveswithin themore complex framework
of objectives to achieve through the sustainable urban mobility planning. In line with
this renewed perspective, the SUMP could indicate the most critical enclaves and the
related proximity indexes to guide the realization of a new network of pedestrian paths,
in line with the provision of the local development plan.

The next steps of this study can be the following: choosing an urban setting for
the application of the proposed methodology; tests on urban enclaves, also taking into
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consideration the scenarios proposed by the planning tools in force, as the local plan
and the Metropolitan Strategic Plan [22]; and defining a time schedule of interventions
according to the priorities identified by the PI and the offer of local public transport
(LPT).
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