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Abstract

The problem of defining efficient techniques for knowl-
edge representation (KR) is becoming more and more a
challenging topic in both academic and industrial commu-
nity. The Semantic Web needs of formal knowledge repre-
sentations for implementing useful services and put in com-
mon the different views between man and machines. In this
framework, we assume that new approaches for knowledge
definition and representation may be useful, in particular
the ones based on the concept of ontology. We chose the
issue of landscape planning as a case study, particularly
focusing on cultural landscape. This choice was motivated
by cultural and scientific innovations, which led in recent
years to a completely new interpretation of landscape mak-
ing it a high complex scenario. Based on these considera-
tions, we propose a suitable ontology-based model and im-
plement it in a system designed to manage ontologies using
a peer-to-peer (P2P) paradigm to share general and do-
main knowledge. The network knowledge is exposed using
a Web Service and it can be used by intelligent Web agents.

1 Introduction

The large amount of information on the internet and
the needs of implementing a formal definition of knowl-
edge representation require a more efficient and effective-
ness techniques for mining the Web. In the last years some
new approaches strictly related to the above matter have
been proposed and one of them is theSemantic Web[10].
In this context, the concept ofrelevanceabout a given topic
has a basic importance. In our study we are interested to the

∗Sections 1, 2, 6, and 7 are by both authors; sections 3 and Appendix
A are by A. Cataldo; sections 4 and 5 are by A.M. Rinaldi.

definition of relevance given by Schutz [64] according to
him, it is defined as the aboutness of information to a theme
namely to the specific aspect or object of our concentration,
giving as base an horizon that is the stock of knowledge at
hand. Therefore we must define models and techniques to
represent and manage this knowledge. New techniques have
been developed to solve those problems. Some of them are
based on ontologies to delete or at least smooth conceptual
or terminological mess and to have a common view of the
same information. The ontological aspects of information
are intrinsically independent from information representa-
tion, so the information itself may be isolated, recovered,
organized and integrated with respect to its content. More-
over a central vision of the Semantic Web is that a user can
cooperate with software applications using shared data and
semantics. In this context intelligent applications interact
with human agents to provide services. The ontological as-
pects of data need a hard work for formalizing its intrinsic
knowledge. The ontology creation is a complex and hard
consuming task therefore it is very important that these on-
tologies can be accessed and reused by more and more users
and applications. According to [12] a distributed approach
to Knowledge Management is useful for organizations and
people which want to share “private knowledge”. More-
over, from a technological point of view a P2P approach is
particularly well suited, because it make possible for differ-
ent participants (organizations, individuals, or departments)
to maintain their own knowledge structure while exchang-
ing information. Knowledge sharing is a complex task; in
fact it entails both knowledge creation and knowledge reuse.
These two activities are not orthogonal, as new knowledge
builds on the re-use of existing knowledge. With this aim,
knowledge sharing has three main tasks: (i) location of rele-
vant explicit knowledge; (ii) selection of relevant/significant
knowledge; and (iii) application of the knowledge in a par-
ticular context. In this context the notion of a community
of practice [79] is of significant relevance. This approach
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is based on the idea that the knowledge can not be divided
from the communities which create it.
We chooseas case study issues related to the territorial
planning sciences, in particular the ones about landscape
planning. The territorial planning science concerns the pro-
cess of managing and regulating the activities for territorial
transformations. The output of territorial planning process
is a set of rules and procedures used to narrow future ac-
tions; in other words it is a decision making process. In
the context of territorial sciences, several subjects analyze
particular territorial aspects; the territorial planning science
could be seen as the discipline which completes, compares
and organizes all that subjects. The step of analysis and
understanding represents a key factor in the planning pro-
cess because the actions for design, programming and con-
trol environment are based on knowledge. In the past, the
meaning of landscape was related only to natural or cul-
tural concepts with regards to human actions (historical her-
itage) but, in recent years, cultural and scientific innovations
have led to a completely new interpretation of landscape,
as a good to be preserved (since it is an expression of the
ecological and social transformations of the territory result-
ing from the community’s activities). From this point of
view, the landscape has the distinguishing peculiarity of be-
ing characterized not only by just one category of elements
(e.g., physical, natural, historical), but rather representing
the totality of them. It represents a basic joint element be-
tween the human activities and the environmental system,
where human abilities and skills represent the continuous
research of a global eco-systemic balance. This significant
innovation has been formalized with the drawing of the Eu-
ropean Landscape Convention (ELC) [36], which is sub-
scribed to by European Union Member States. Following
this Convention “landscape means an area, as perceived by
people, whose character is the result of the action and inter-
action of natural and/or human factors”. The aim of ELC
is to put in evidence the main role of landscape quality be-
cause it is a fundamental element for people life. Therefore
cultural and natural heritage acquire a key function in social
and economic fields.
Once it is understood that the process of understanding the
landscape is a priority and is propaedeutic for the defini-
tion of actions for its preservation, management, and plan-
ning, we need to identify those homogeneous territorial
contexts that contain highly related and characterizing fac-
tors. Therefore, the process of knowledge acquisition about
landscape starts from the recognition of its elements and
from their interpretation depending on their context. To this
end, we must try to resolve conceptual misunderstandings
and semantic ambiguities and also to generate a precise and
accurate description of our knowledge (in particular, of the
terminologies representing the concepts that influence goals
and describe actions to be implemented). In this context,

the definition of a common and shared “language” is the
first step in a formalization of knowledge on the topic of
landscape. For this reason the landscape planning takes a
great interest in the process of knowledge acquisition and
representation finding novel approaches to implement CEP
guidelines.

In this article we propose a methodology to formalize
knowledge about cultural landscape recognizing its charac-
teristic elements. On the other hand we formalize these con-
cepts and identify shared meanings and their relationships.

In our vision we consider as a central point the formal-
ization of a knowledge representation in a community. This
community can build ontologies using formal models and
techniques and share them in a P2P environment. We pro-
pose a novel logical model to define ontologies and we use
a standard language to represent them. Using this model
we develop domain ontologies (i.e., cutural landscape on-
tology) and we share them in a P2P network; with Web
Service technology the network can show its knowledge to
external agents for reusing.

The article is organized as follow: in the section 2 some
related works are presented and discussed; a new metho-
dology for landscape reading and interpretation is proposed
in section 3 with the creation of our glossary; in section 4
the system architecture and its main functionalities are de-
scribed; in section 5 we define and describe our model using
OWL; a case study is presented in section 6; conclusion and
future works are in section 7.

2 Theoretical Background

In this section we introduce some works related to our
domain of interest in order to put in evidence the differ-
ences with our proposed method. In particular, we describe
several systems and frameworks for knowledge sharing, ex-
periences for landscape understanding, and approaches to
formalize the knowledge using ontologies.

2.1 Systems

In the last years several approaches and systems have
been presented to manage and share knowledge and in par-
ticular ontologies. In [6] is presented InfoQuilt, a system
for sharing ontologies in a peer-to-peer environment. Us-
ing this system a user can find relevant sets of ontologies,
reuse them, create new ones and advertise the resulting on-
tologies. The system allows to search concepts and services
exploring inter-ontological relationships. The implemented
system is based on agents that allow users to request infor-
mation, semantically correlate data from different sources
and of heterogeneous type or representation; they can have
an interactive interface for knowledge discovery. Becker at
al. [9] propose a P2P extension for ontology editing based
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on Ontorama [29]. The system uses a sharing protocol using
RDF. This approach provides a novel editing environment
compared to the classic client/server ontology management
approaches. In [8] a method to integrate different knowl-
edge sources as thesaurus, gazetteer and a chronology based
in an ontology using Topic Maps is proposed. This ontol-
ogy is shown to Government Agencies by Web Services
to support information harmonization about environmental
data. KAON [24] is an open-source software infrastruc-
ture to manage ontologies for semantic-driven applications.
It integrates traditional technologies as relational databases
with new knowledge representation tools. There are several
additional components which increase the KAON function-
alities. COE (Cooperative Ontology Editor) [39] is a P2P
application designed to allow ontology developers to share
their knowledge through many activities: ontology shar-
ing, ontology reuse and other traditional peer-to-peer mech-
anisms. It is implemented over COPPEER, a framework
for creating flexible collaborative P2P applications that pro-
vides nonspecific collaboration tools as plug-ins. SWAP
(Semantic Web and Peer-to-Peer) [48] is a project that al-
lows participants to keep private knowledge structures in
their personal computer and share that knowledge in a P2P
architecture. Users can extract ontologies from selected
remote repositories, which are automatically integrated in
their local repository. Any change in the source of the infor-
mation is propagated to the local repositories. Oyster [58]
is a java-based system, which assists users in managing,
searching and sharing ontology metadata in a peer-to-peer
network; it is a P2P application that exploits semantic web
techniques in order to provide a solution for exchanging and
re-using ontologies. The Oyster client on its own (e.g. dis-
connected from the P2P network) provides added value to
it’s users as it will give researchers an overview and search
facilities of his/her own ontology metadata. In order to pro-
vide this functionalities, Oyster implements a proposal for a
metadata standard, so called Ontology Metadata Vocabulary
(OMV) which is based on discussions and agreement in the
EU IST thematic network of excellence Knowledge Web as
the way to describe ontologies. In [54] the authors propose
an integrated agent system for ontology sharing on WWW,
which enables users to manage ontologies and Semantic
Web Services. The proposed system has several modules to
meange personal information, translate them into standard
language as RDF and analyze RDF to obtain user’s inter-
ests and create Semantic Web Services which enable agent
program to make inferences from grounding data on per-
sonalized ontology. In this context we notice also XAROP
[16], a P2P platform to knowledge management in a decen-
tralized IT infrastructure. Several surveys and books have
been presented in the last years to evidence the importance
of Peer-to-Peer and ontologies for enabling the Semantic
Web; an useful reference is [69]. Moreover ontologies and

P2P are also used in many other research topics: access
and delivery of multimedia content over an interoperable
environment [21], discovery data and services on WWW
[83], locate data sources in a P2P environment and integrat-
ing domain ontology into common protocols [5], similarity
search over widely distributed ultra-high dimensional data
[23], Semantic Web [59, 66], and P2P networks [52, 80], in-
trusion detection systems [82], e-learning environment [60].

2.2 Experiences for landscape reading, in-
terpreting, and representing

Several scientific and professional contributions on the
national and international levels suggest a wide range of
methodologies for landscape characterization and different
procedures for assessing identified components.

Analyzing the existing literature (e.g., [27, 4, 43, 44, 20,
78, 61]), we notice that in the past different ways of char-
acterizing the landscape were subordinate to specific cul-
tural tendencies, different territorial realities, and particular
planning requirements; they emphasized just one aspect of
the landscape with respect to another one. As [17] noted,
we range from natural morphology to the meaning given by
men to this physical reality over time from human activi-
ties and interventions to the recognition of anthropic pos-
session of places to the individualization of overall struc-
tures produced by communities at different times during
the production and building of a territory. Briefly, the for-
malization and specification of landscape components have
occurred in several European countries, but with different
roots and characteristics. In [63], the authors argue that
based upon the examination of international methods for
landscape characterization and assessment, we can define
six fundamental typologies. The process of landscape un-
derstanding is not limited only to recognizing its basic el-
ements, but also involves their interpretation. In particu-
lar, the key step is to decode the elements meanings with
respect to a specific context. Defining landscapes, specif-
ically cultural landscapes, involves issues arising from the
most generic interpretation of heritage. The heritage inter-
pretation was first tackled at the end of the XIX century in
the United States, but Tilden’s work [70] was the first to lay
the foundation for the discipline. In this work it is empha-
sized that the interpretation must succeed in showing “all”
and not only a part. At present, different authors have ad-
dressed this subject and suggested different definitions (e.g.,
[28, 31, 2, 19, 3, 45, 53, 57, 22, 42]). Briefly, the interpreta-
tion is retained as an attractive communication, offers con-
cise information, is linked to the presence of the object in
question, and its purpose is to reveal meaning [28].

Moreover the interpretation is more than the simple
transmission of knowledge. It aims to produce perceptions
by making people feel new sensations. It is an act of com-
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munication established between a transmitter and receiver
who do not share the same language code.To understand
each other, therefore, they must ask for the mediation of
interpretation. The message is then decoded. These con-
siderations clearly show the extreme complexity of the con-
cept of landscape, which is to be seen as a whole comprised
of several parts (natural, anthropo-cultural, and perceptive);
these parts must be interpreted in relation to their context.

The processes of reading and interpreting landscape need
to represent the elements recognized in it.

At present, all studies on the landscape use a common
graphical language both to survey it and to express its mean-
ings. The landscape drawing (knowledge representation) is
performed using different techniques: free-hand drawing,
computer drawing, tri-dimensional models, perspective and
axonometries, photography, etc.Drawingwas the only lan-
guage for communication, analysis, and synthesis.

The process of decoding landscape objects demonstrates
the need for a new methodology for reading the landscape
that takes into account the conceptual evolution of said land-
scape, the multi-disciplinarity of the subject and the inter-
operability. The importance of representing landscape with
new languages related to this novel cultural approach is thus
evident. These languages should allow the user to transmit
the complexity of involved concepts and their meanings in
the landscape context.

The development of an ontologically-based model of
knowledge representation featuring universal terminology
and basic criteria for information exchange will allow for
the comparison of experiences in both a cultural and opera-
tional context.

2.3 Models and languages

From a generic point of view we can define a generic
model for knowledge representation as composed by a triple
< S,P,C > [7], where: S is a set of objects;P is the
set of properties used to link the objects inS; C is a set
of constraints onP. One of the most important progress in
the KR applications derived from proposing [51], studying
[81],[13],[14] and developing [15],[37],[11] of languages
for knowledge representation. Even if those languages have
several differences they share some common aspects based
on the specification of objects (concepts) and the relation-
ships among them. The main features of all KR languages
are: Object-orientedness:all information about a specific
concept is stored in the concept itself (on the contrary, e.g.,
of rule-based systems).Generalization/specialization:
these properties are basic aspects of the human cognition
process [51]; the KR languages have mechanism to cluster
concepts into hierarchies where the high-level concepts rep-
resent more general attributes than the low-level ones which
inherit the general concepts attributes but are more specific,

presenting additional features on their own.Reasoning:
the capability of inferring the existence of information not
explicitly declared by the existence of a given statement.
Classification: given an abstract description of a concept,
there are some mechanisms to determine if a concept can
have this description. This feature is a special form of rea-
soning. Object orientation and generalization/specialization
help human users in understanding the represented knowl-
edge; reasoning and classification guide an automatic sys-
tem in building a knowledge representation as the system
knows what it is going to represent.

There are many points in common and several differ-
ences between our system and approach from the ones de-
scribed before; in particular we propose a complete frame-
work to manage, share and reuse ontologies. In addition
our system has several features, such as editing functional-
ities and Web Service to share ontologies outside the P2P
network. The several peers in our system have a general
knowledge base as a support for knowledge organization
together with a common model based on linguistic proper-
ties to build ontologies in order to have a common schema
and a standard language for knowledge representation. In
the landscape planning field, the use of a novel approach
for representing and organizing knowledge is an innovation
itself.

3 What to read and how to interpret: a
methodological approach

In the previous sections, we have shown the need for new
criteria and methodologies to read, interpret, and evaluate
the characteristic signs of a landscape belonging to the past.

First, we should stress that landscape reading and inter-
pretation lead to three basic questions. The first question
refers to the territorial context: the discussion of landscape
has an ontological nature and refers to several signifiers.
The second question has a semiotic nature: the discussion
of landscape is based on the representation of a territorial
context (the real world) that consists of signs. The last
and surely most theoretical question is epistemological and
refers tomeanings(concepts).

From a strictly operational view, these three questions re-
flect many procedures. All general territorial sciences, from
geography to urban planning, start with the generation of a
model of reality in order to evaluate the meaning given to
things and then conclude with an intervention in the real-
ity itself. Signs,meanings, andsignifiersare the triad upon
which the representation sciences are based, and these ideas
are tightly connected with each other. A sign produces mod-
els of intervention; targets and values followed by a planner
affect and boost the building of meanings; meanings de-
termine the criteria and modalities of intervention, which
will affect reality and will change it; changing the reality
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changes the meanings; different meanings imply different
signs, which produce new representations of reality.Thus,
to interpret or define a landscape is to translate and sim-
plify the space complexity into decoded signs, meanings,
and signifiers.

Giving a meaning to an object (signifier) is not an easy
action. The meanings include two concepts suggested in
[25]: a denotativeelement and aconnotativeelement. To
denote an object means to deduce the function (meaning) of
said object (signifier); we have an immediate communica-
tion because the denotative meaning not lead to ideologies,
meta-narrations, or meta-discussions. On the contrary, the
meaning has a connotative function when it expresses an
ideology in a potentially implicit or hidden way. Accord-
ing to Eco, for example, the connotation of an architectural
work is “the global ideology that has governed the archi-
tect’s work” [25]. It is the implicit meaning to which the
sign leads. It is the meanings that refers to symbols, values,
cultural products, and intangible culture.

Finally, we can assess the idea that through forms it is
possible to recognize the story of objects, the things that re-
main from past societies. The analysis of signs requires a
presupposition of the desire not to lose the traces and evi-
dence of a surviving landscape. The analysis is propaedeu-
tic to all policies of safeguard or planning-management, be-
cause a landscape never changes entirely, but instead trans-
forms by altering its elements [65]. Any object of a land-
scape, once recognized, gains the value of a sign. The sign
should not simply be recognized as it is, but should be in-
terpreted.

The interpretation of landscape signs should not be lim-
ited only to recognizing single elements (through decom-
posing praxis), but instead should refer to the context to
which the signs belong (relationship with the whole) or the
ways in which they have meaning and functionality. The
reading of landscape signs should not be targeted to the re-
building (recovery) of a given landscape, but should instead
be undertaken in order to understand the meaning of signs
themselves. This will allow us to place them into planning
interventions as living objects that are suitable for the con-
text and present needs. We can thus integrate two funda-
mental needs for territorial organization: the need for re-
assessment and the need for conservation of identified land-
scapes [26, 71]. The denotative and connotative meanings
of an object are the starting points for the interpretation of
the landscape concept expressed by the European Conven-
tion. The assumption that a landscape is a determined part
of a territory where man and nature operate allows the ob-
jects (landscape elements) to be considered in their material
form as a group of physical, ecological, economic, and so-
cial signs to be interpreted. The image of a landscape repre-
sents the beginning of a knowledge route targeted to explain
the function of the objects characterizing a place. Moreover,

the Convention also underlines the idea that the portion of
the territory should be considered as it is perceived by the
population. This implies that the interpretation of the ob-
jects transcends their functional and material characteristics
to include the analysis of the symbols and values given to
the places.

Landscape interpretation is also affected by the duality
between local and global regions. By pursuing the exploita-
tion of local identities, it may be necessary to refer to spe-
cific contexts and involve communities in the process (and
also symbolic meanings of landscape recognition; on the
other hand, it clearly expresses the desire to find a com-
mon language leading to landscape recognition. According
to this interpretation, it is possible to define general criteria
and intervention modalities.

3.1 An interpreting hypothesis of the Cul-
tural Landscape

The recent European Union policies give great impor-
tance to the cultural landscape. Indeed, no precise definition
of cultural landscape exists in the European documents (al-
though a definition can be deduced from reading the docu-
ments themselves). In most cases, a cultural landscape is set
up in contrast to a natural one. Therefore, we can infer that
it represents the landscape formed by the signs expressed
by human beings. It is a tangible expression of the culture
of its past and present dwellers. This is a concept similar to
the anthropological idea of the “tangible culture of a civi-
lization” [18], which can be expressed as either a historical
“document-monument” [46], or an “artificial memory” [47].

Moreover, the nature-culture distinction is no longer
acceptable since human intervention can be found every-
where. From this point of view, the natural elements be-
come part of the cultural sphere. The landscape plays a cul-
tural role not only via the signs left by men on it, but also
through the meaning given to it. Therefore, the nature is so
full of meaning and value, it becomes a completely cultural
phenomenon. Of course, the term cultural is not intended to
mean tangible culture (anthropic evidence), but rather cul-
ture in the semiotic sense. According to this idea, “all the
landscape, independently from the fact that it has been set-
tled or is actually settled, is phenomenon of meaning and
so culture” [68]. Thus, any atrophic-geographic landscape
has a cultural meaning since it represents the heritage of sit-
uations, functions, and phenomena that have occurred and
followed each other in the course of time. This process has
left evidence that can be interpreted as the expression of the
culture that produced it.
Landscape, as Salzano [62] says, can be interpreted as “the
historical product of human culture and work on nature.”
(see also [74, 42]). In addition, the international documents
foster the symbiosis between landscape and cultural her-
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itage. In fact, some international documents confuse the
two words and use them almostas synonyms.

Considering cultural landscape in the above way, the
study and interpretation of landscape becomes wider and
richer in meaning since we do not restrict our set of signi-
fiers to those signs left by man on the territory.

3.2 The definition of a glossary for sig-
nifiers formalization in cultural land-
scape

In the process of ontology development, building aglos-
sary of termscan be seen as a first step toward landscape in-
terpretation, or rather as a first attempt to formalize a shared
knowledge. The sharing process is one of the harder issues
both in our context and, generally speaking, in the process
of ontology formalization. This difficulty has been solved
by finding an explicit consensus in the expert’s community.

Therefore, the choice of signifiers and meanings related
to the cultural landscape arises from the analysis of shared
international documents and legal tools that directly or in-
directly affect the landscape itself [75, 32, 41, 33, 74, 36,
76, 77, 42, 73, 34]. In this way, we define all the elements
that characterize landscape, the relations between them, and
their connotative and denotative meanings. We stress that
almost all of the Charters and Conventions on this subject
include a space designated for definitions. In most cases,
the meanings given are connotative in nature and express
ideologies and themes concerning practices of good gover-
nance. Landscape planning, cultural policies, and measures,
conservation, protection, repairs, and safeguards are among
the concepts expressed in those documents, and their mean-
ings are addressed to targets of landscape quality. They de-
fine the meanings of the concepts that can be considered as
cornerstones of the cultural route followed through time by
the theory of territorial, environment, and landscape plan-
ning. They specify the meaning of cultural expression, cul-
tural diversity, inter-culture, authenticity, and identity, as
well as those more strictly connected with the natural sphere
(e.g., biological diversity, ecosystem, and habitat).

Apart from the epistemological contribution of an expla-
nation of the meanings (concepts) linked to the theory of
landscape planning, the international documents offer a sat-
isfying ontological framework based on the definition of the
meanings. Using the proposed methodology, all these com-
ponents with their specializations (i.e., signifiers and mean-
ings) have been arranged in a complete glossary and shown
in specific tables (7,5,6,7,8) and graphs (7,8,9,10,11) pre-
sented in Appendix A.

From a methodological point of view, the glossary has
been divided into five basic parts with figures and tables. In
these tables the concepts, their meanings (definitions), and
references are reported. On the other hand, the figures de-

mostrate each concept together with its relations with the
other concepts. In the first part of the glossary (see Table
7 and Figure 7) we show general concepts about landscape
and measures to manage it, as defined in ELC. In order to
formalize the elements of acultural landscape(see Table
5 and Figure 8) we worked out a hierarchical systematiza-
tion. Upon reading the documents, we first identified mean-
ings adaptable to any cultural context. Then, we formalized
the meanings related to objects like cultural monuments,
cultural sites, cultural industries, activities, cultural goods,
and services. Later, the cultural landscape was investigated
with different typologies: thehuman-cultural heritage,nat-
ural heritage, andrural landscape. The key idea is that
the forms of a cultural landscape arise from the territorial
physical structure as well as several rules surrounding the
use of social energy to transform the territorial structures
following each other over the course of time. We should
therefore consider productive activities as well as those el-
ements belonging to a man-made territory (e.g., historical
nuclei, architectural models, and buildings).

In summary, the reading of a cultural landscape refers
to three closely connected aspects: the historical point of
view and landscape development over the course of time;
the facets linked to the landscape’s shape; the functional
and anthropic facets (e.g., use of soil, settlements, infras-
tructure).
Specifically with regard tohuman-cultural heritage(see Ta-
ble 6 and Figure 9), we considered the elements of archi-
tectural and building heritage, intangible heritage, and the
historical centers that include both of these. The meanings
given to the objects in this case are denotative, and they
aim to express the function of the object itself. With regard
to natural heritage(see Table 7 and Figure 10), the bio-
logical resources, monuments, natural areas, and sites have
been defined along with their geomorphological facets. Fi-
nally, rural landscape(see Table 8 and Figure 11) has been
considered as the expression of the connection between hu-
man activities and the environment; in these landscapes, hu-
man capabilities and skills develop in a never-ending search
for balance. They express the functional evolution occur-
ring over the course of time, which evolution is linked to
the work techniques, manner of dwelling, natural dynam-
ics, and social conditions. These are landscapes produced
over a long adjustment period that finally reaches the eco-
logical essentiality and stability given of the man-nature
compromise. From this point of view, landscapes require
the analysis of those elements characterizing both natural
landscapes and anthropic heritage. To formalize the mean-
ings of rural landscapes, therefore, we referred to ecologi-
cal (e.g., forests, hydrography, semi-natural areas) and an-
thropic (e.g. use of soil, cultivated land, settlements, infras-
tructure) factors related to the functional aspects of these
areas.
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4 System architecture

The proposed system has several softwaremodules and,
form a top-level view, they can be organized around some
entities and macro-functionalities. The main entities in our
system are:Peer–it is the the agent in charge of editing
and manage ontologies; each user which takes part in the
network is a peer.Rendez-Vous Peer–its task is to build
the P2P network and manage a list of sharing ontologies
between peers and Web Service.Web Service–it exposes
the ontologies out of the P2P network.

In the following we describe the general architecture of
our system. Figure 1 draws the proposed system architec-
ture; an example of the single macro-modules in each peer
is also shown.

Figure 1. The system architecture

As we can argue from figure 1, apeer has two main tasks:
(i) managing and editing local ontologies and (ii) putting in
share local ontologies. The Rendez-Vous peer has a list of
active peers and a description of their contents. It uses these
information in the knowledge discovery step both between
peers and in the sharing phase with Web Service. In each
single peer a system interface shows the catalog of the on-
tology stored in the ontology repository (i.e. a relational
DB) to the user by means of an appropriate software mod-
ule called OntoSearcher; OntoSearcher performs a syntac-
tic search or a browsing in a directory structure arranged
by arguments to the aim of finding an ontology relevant to
the user interest. When OntoSearcher finds a suitable on-
tology, the OntoViewer builds a graph (a semantic network)
to represent the ontology. A user can modify the semantic
network or build a new one with the peer editing function-
alities. On the other hand a peer must communicate to the
other peer and with the Rendez-Vous one for sharing ontolo-
gies. We use as framework to build our P2P network, JXTA
which uses advertisement in the communication steps. In
the following subsections we describe into details both the
remaining modules drawn in figure 1 and the algorithm used
to build dynamically the semantic network.

4.1 Ontology Extraction and Editing

In our approach we use an appropriate algorithm to ex-
tract from WordNet [50] (the system knowledge base) a
domain semantic network; this net provides a general rep-
resentation of our domain of interest.

Many information systems use a knowledge base to rep-
resent data in order to satisfy information requests and in
our vision it is a good choice for having a common view
of the same general and specific knowledge domain. More-
over in our frameworkWordNet can be a “starting point”
for users because they can extract an initial general ontology
from this knowledge base and expand it to have a special-
ized one; these tasks are explained in the following of this
section.

We implement our ontology by means of a semantic net-
work. This structure is often used as a form of knowledge
representation: it is a graph consisting of nodes which rep-
resent concepts and edges which represent semantic rela-
tions between the concepts. If the users domain of interest
is not in the Ontology Repository, they can build an onto-
logical domain usingWordNet. This step is performed by
the OntoExtractor which is in charge of extract an ontology
(i.e. a semantic network).

We propose a dynamic construction of the semantic net-
work using an ad hoc algorithm which takes into account
theWordNet structure.

WordNet organizes the several terms using their linguis-
tic properties. Moreover, every domain keyword may have
various meanings (senses) due the proprieties of polysemy,
so a user can choose its proper sense of interest using the
tool interface. Beyond the synonymy, we consider other lin-
guistic proprieties applied to the typology of the considered
terms in order to have a strongly connected network.

Our network is built starting from a domain keyword that
represents the context of interest for the user. We then con-
sider all the componentsynsets and construct a hierarchy,
only based on the hyponymy property; the last level of our
hierarchy corresponds to the last level ofWordNet one. Af-
ter this first step we enrich our hierarchy considering all
the other kinds of relationships inWordNet (see table 1).
Based on these relations we can add other terms in the hier-
archy obtaining a highly connected semantic network.

Clearly, even if a knowledge base could be large and de-
tailed, it will never give us a high level of specialization for
every existing knowledge domains. Our approach tries to
give a solution to this problem. In fact users can interact
with our system in order to create a first ontological knowl-
edge representation or they can expand it or create a new
one using the OntoEditor module. Using the OntoEditor
functionalities a user can modify the ontology structure as a
whole adding new terms and concepts in the network, link-
ing terms and concepts using arrows (lexical and semantic
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properties), deleting nodes and arcs. All the ontologies can
be exported inOWL following a schemamodel described in
section 5. The interaction with the semantic network using
the editing tools is archived by means of Java 3D libraries.

The algorithm to extract the semantic network from
WordNet is described in pseudo-code in figure 2.

//------------------------------------------------------
// Semantic network extraction algorithm
//
// INPUT: Main_Synset:
// represents the synset chosen by user
//
// OUTPUT: Synset_List:
// the list returned from the function.
// It contains all DSN synsets
//------------------------------------------------------
Synset_List CreateDSN (Main_Synset)
{

Add Main_Synset to a Synset_List
Load from Wordnet the Category_terms of Main_Synset
Add founded synsets to Synset_List
While (Synset_List is not_empty)
Do {
Load from Wordnet all hyponyms of all synsets

in Synset_List
Add founded synsets to Synset_List

}
Start from head_list
While(Synset_List is not_empty)
Do {
Load from Wordnet all synsets linked to all synsets

in Synset_List using all other linguistic
properties (count outhyponimy and hyperonimy)

}
return Synset_List

}

Figure 2. Semantic network extraction algo-
rithm

4.2 Advertisements and Sharing

The other main functionality of the peer system is the
ability of sharing knowledge using ontology. This system
feature is obtained using advertisements and ad hoc mod-
ules. The advertisement areXML metadata file.

We use a Content Manager Service (CMS) to manage
the ontology files. It is a inter-layer between JXTA and the
application layer; in it we have discovery and pipe services
to implement sharing and downloading tasks. The Presence
Advertisement module manages some types of advertise-
ments related to general info about peers and ontologies.

These advertisements are key information for the
Rendez-Vous Peer; in fact this peer is a collector of all ad-
vertisements and store it in its internal cache. That informa-
tion are collected in a list used for knowledge discovery in
the P2P network and exported to external agents via a Web
Service.

In the following an example of Ontology Advertisement
about the use case described in section 6 is shown.

<peerID>
urn:jxta:uuid-9616261646162614A78746150
3250333F1043B3C6F8415982CFE0D53D29C6FA03

</peerID>
<peername>cultland</peername>
<ontologyname>cultural landscape</ontologyname>
<ontologyfile>cultural_landscape.owl</ontologyfile>
<description>
An Ontology for Knowledge

Representation in Cutural Landscape
</description>
<keyword>
cultural landscape,territorial planning
</keyword>
<advertisementtype>ontologyAdv</advertisementtype>
</ontologyAdv>

5 The ontology Model

The system has a common model for defining ontolo-
gies. In this way all peers have a common view of dis-
tributed knowledge and can share it in a simple way. The
adoption of this model can help external agents (outside the
P2P network) to use the ontologies for their purpose. In
our approach the knowledge is represented by an ontology
implemented by a semantic network.

A formal definition of ontology is proposed in [40]
whereconceptualizationrefers to an abstract model of a
specific reality in which the component concepts are iden-
tified; explicit means that the type of the used concepts and
the constraints on them are well defined;formal refers to
the ontology propriety of being “machine-readable”;shared
refers to the fact that an ontology captures the consensual
knowledge, accepted by a group of persons. We also con-
sider other definitions of ontology found in [55]. This defi-
nition indicates the way to proceed in order to construct an
ontology: i) identification of the basic terms and their rela-
tions; ii) agreement on the rules to arrange them; iii) defi-
nition of terms and relations between concepts. From this
perspective, an ontology includes not only the terms that are
explicitly defined in it, but also those that can be derived us-
ing defined rules and properties. Thus an ontology can be
seen as a set of “terms” and “relations” among them, denot-
ing the concepts that are used in a specific domain.

In this context we consider words, the defined properties
are the linguistic ones and the constraints are the roles of
validity applied on linguistic properties with respect to the
considered term category. A concept is a set of words which
represent an abstract idea.

In the last years several languages have been proposed to
represent ontologies; one of the most used isOWL. We use
the DL (Description Logic) version ofOWL because it has
enough effectiveness to describe the ontology.

The DL version allows the declaration of disjoint classes
which are used, for example, to assert that a word belongs to
a syntactic category. Moreover it allows the declaration of
union classes used to specify domains and property ranges
to relate concepts and words belonging to different lexical
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(a) Concept (b) Word

(c) Lexical Properties (d) Semantic Properties

Figure 3. Concept, Word and Linguistic properties

categories. Every node, both concept and word, is anOWL
individual. The connecting edges in the ontology are repre-
sented asObjectProperties.

These properties have some constraints that depend on
the syntactic category or on the kind of property (semantic
or lexical). For example the hyponymy property can relate
only nouns to nouns or verbs to verbs; on the other hand a
semantic property links concepts to concepts and a syntactic
one relates word forms to word forms.

Concept and word attributes are considered with
DatatypeProperties, which relate individuals with a pre-
defined data type. Each word is related to the represented
concept by the ObjectPropertyhasConceptwhile a concept
is related to words that represent it using the ObjectProperty
hasWord. These are the only properties able to relate words
with concepts and vice versa; all the other properties relate
words to words and concepts to concepts.

Concepts, words and properties are arranged in a class
hierarchy, resulting from the syntactic category for concepts
and words and from the semantic or lexical type for the
properties. Figures 3(a) and 3(b) show that the two main
classes are:Concept, in which all the objects have been
defined as individuals andWord which represents all the
terms in the ontology.

The subclasses have been derived from the related cate-

gories. There are some union classes useful to define prop-
erties domain and codomain. We define some attributes for
Concept andWord respectively;Concept has:Namethat
represents the concept name;Descriptionthat gives a short
description of concept. On the other handWord hasName
as attribute that is the word name. All elements have anID
within theWordNet offset number or a user defined ID.

The semantic and lexical properties are arranged in a hi-
erarchy (see figure 3(c) and 3(d)).

In table 1 some of the considered properties and their
domain and range of definition are shown.

Table 1. Properties
Property Domain Range
hasWord Concept Word
hasConcept Word Concept
hypernym NounsAnd NounsAnd

VerbsConcept VerbsConcept
holonym NounConcept NounConcept
entailment VerbWord VerbWord
similar AdjectiveConcept AdjectiveConcept

The use of domain and codomain reduces the property
range application. For example the hyponymy property is
defined on the sets of nouns and verbs; if it is applied on the
set of nouns it has as range the set of nouns, otherwise if it
is applied to the set of verbs it has as range the set of verbs.
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In table 2 there are some of defined constraints and we
specify on which classes they have been applied w.r.t. the
considered properties; the table shows the matching range
too.

Table 2. Model constraints
Costraint Class Property Constraint range
AllValuesFrom NounConcept hyponym NounConcept
AllValuesFrom AdjectiveConcept attribute NounConcept
AllValuesFrom NounWord synonym NounWord
AllValuesFrom AdverbWord synonym AdverbWord
AllValuesFrom VerbWord alsosee VerbWord

Sometimes the existence of a property between two or
more individuals entails the existence ofother properties.
For example, being the concept dog a hyponym of animal,
we can assert that animal is a hypernymy of dog. We repre-
sent inOWL this characteristics by means of property fea-
tures shown in table 3.

Table 3. Property features
Property Features
hasWord inverseof hasConcept
hasConcept inverseof hasWord
hyponym inverseof hypernym;transitivity
hypernym inverseof hyponym;transitivity
cause transitivity
verbGroup symmetryandtransitivity

6 The Case Study

We describe and test our methods and techniqueswith
a complete use case in order to put in evidence the sev-
eral features of the proposed model and implemented sys-
tem. The system has been completely implemented us-
ing Java. We remind that the P2P network is obtained us-
ing JXTA libraries while the Web Service uses the AXIS
framework. The P2P network is built starting from the first
peer which creates a group and defines itself as Rendez-
Vous Peer. The JXTA framework uses internal advertise-
ments to represent network resources (i.e PeerGroup, pipe
and services). When a peer wants to enter in a group an
advertisement specifying some information about it must
be sent to the Rendes-Vouz Peer. When it wants share re-
sources, other types of advertisement are sent and collected
by Rendes-Vouz Peer. We define a personalized advertise-
ment managed by the Presence Advertisement module to
have a more punctual description of our ontologies. These
advertisements, calledOntology Advertisements, are stored
in the Rendes-Vouz Peer cache. They are used for ontology
discovery in the P2P network and arranged in a list for the
Web Service to expose the available ontologies out to the
P2P network. Using the windows tabs shown in figure 4,
a user can analyze the network and peer activities checking
the log file in the Main Tab, share ontologies exploring its

folders, create Ontology Advertisements, search and down-
load ontologies using advertisements metadata.

Figure 4. Peer Management Interface

A user interacts with the system editing tools usingan ad
hoc interface is shown in figure 5. We choose as motivat-
ing example the building of ontology in territorial planning
research field and in particular about cultural landscape.

Figure 5. Editor Interface

This choice is motivated by culturaland scientific inno-
vations that have led in recent years to a completely new
interpretation of landscapes. This field is a hot topic in that
research community due to its intrinsic complexity, and the
authors are collaborating in an EU COST project [1].

In the ontology pre-consensus step, we define our glos-
sary (see Section 3.2) using well-known knowledge sources
mentioned above. In this way, we provide a more detailed
description of the variables affected by several situations re-
lated to our field of interest. A specific ontology forcultural
landscapesis created ex novo using this glossary.
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The complete glossary is provided in Appendix A with
sketches of ontology conceptual graphs about cultural land-
scape(see Figures 7,8,9,10,11). These graphs give a high-
level description of ontology structure, concepts in it and
relations between them.

The related elements and phenomena are individuated by
applying disaggregating and re-aggregating processes to the
cultural landscape components. The cultural landscape im-
age is described by means of its natural (ecological) factors,
built-up (settling) factors, and visual and perceptive factors.
All of these macro-categories are arranged in classes, which
in turn have been divided into features and variables. A
general ontology regarding the landscape was successively
extracted fromWordNet following the steps described in
Section 4.1, starting from the keywordregion(sense3): a
large, indefinite location on the surface of the Earth.

The process of extracting an ontology fromWordNet
begins with an interaction in which the user inserts a spe-
cific term (e.g. region) by means of the user interface and
chooses the proper sense by reading the description of the
related concepts. The system obtains the correct sense and
builds the ontology by following the steps described in the
previous section. We chose to link the new proposed con-
cept of landscape (an area perceived by people whose char-
acter is the result of the action and interaction of natural
and/or human factors[36]) directly to the region synset to
use it as a bridge for ontology merging.

Therefore, we expanded this ontology by providing more
information about the cultural landscape (see Figure 5).
Using our tool, we have the OWL representation shown in
Figure 6.

The built ontology is shared in the network by peer
owner using the Peer Management Interface described be-
fore.

Figure 6. Owl representation of cultural land-
scape ontology

7 Conclusions and Future Works

The sharingand reuse of existing ontologies is a non triv-
ial task. A P2P approach allows the creation of knowledge
communities in which information can be shared and reused
in an effective way. Moreover the specialized knowledge
in the local communities should be used by other sentient
agents to perform their tasks in a more accurate way.

On the other hand the needs of formal ontologies for
knowledge representation involve several aspects of knowl-
edge engineering and sharing systems.

In this article we have proposed a global approach to
solve these problems; we implemented a system for shar-
ing and creating ontologies in a P2P network, the network
knowledge is exported out using a Web Service. Our system
uses a simple and general model for knowledge represen-
tation taking into account a linguistic approach considered
as the natural communication way between human agents.
The ontologies are represented usingOWL.

We want to point out that, from a general point of view,
we have an evolution of concepts during time; this is a cause
of knowledge obsolescence, so there is the need for a con-
tinuous updating. InWordNet, for example, the concept of
landscapeis related only to avisual appearancedimension.
Moreover in all fields of knowledge the research innovation
allows the definition of new concepts. For example the con-
cept ofrural landscapedoes not exist inWordNet; this lack
needs of a knowledge expansion.

Other issues need to be investigated, such as a solution
to the ontology mismatch problem and the definition of an
algorithm for automatic ontology merging to integrate peer
domain ontologies in general knowledge bases used by in-
telligent agents on the Web.

APPENDIX A: Glossary

In this appendix, we provide the defined glossary (see
Section 3.2), divided into its main parts. For each of the
glossary tables, we provide a graph of concepts and re-
lations to better represent the related ontology: the dark-
est nodes are the main concepts and the bold edged nodes
represent concepts that are shared between single glossary
parts (these concepts are repeated through the glossary ta-
bles). The description of each concept is provided in the
glossary tables. We argue that choosing definitions from in-
ternational documents gives a high level of agreement; this
is a basic condition for building an ontology. Since there
are very similar definitions in the analyzed documents, the
authors chose to use the more reliable definition in the re-
search community. Note that the whole glossary was used to
build the ontology, and all single concepts and words were
arranged following the model rules defined in Section 5. We
recognized 62 new concepts and 49 relations between them.
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Figure 7. A portion of the Landscape Ontology Graph

Concept Description Reference
Landscape An area, as perceived by people, whose character is the result of the action and interaction of natural and/or human factors [33]
Landscape policy An expression by the competent public authorities of general principles, strategies and guidelines that permit the taking of specific

measures aimed at the protection, management and planning of landscapes
[33]

Landscape quality objec-
tive

For a specific landscape, the formulation by the competent public authorities of the aspirations of the public with regard to the
landscape features of their surroundings

[33]

Landscape protection The actions to conserve and maintain the significant or characteristic features of a landscape, justified by its heritage value derived
from its natural configuration and/or from human activity

[33]

Landscape management The action, from a perspective of sustainable development, to ensure the regular upkeep of alandscape, so as to guide and harmonize
changes which are brought about by social, economic and environmental processes

[33]

Landscape planning A strong forward-looking action to enhance, restore or create landscapes [33]
Table 4: Landscape Glossary

Figure 8. A portion of the Cultural Landscape Ontology Graph
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Concept Description Reference
Cultural landscape Landscapes as cultural heritage result from and reflect a prolonged interaction in different societies between man,nature and the

physical environment. They are testimony to the evolving relationship of communities, individuals and their environment. In this
context their conservation, preservation and development focus on human and natural features, integrating material and intangible
values

[67]

Cultural diversity The manifold ways in which the cultures of groups and societies find expression. These expressions are passed on within and
among groups and societies. Cultural diversity is made manifest not only through the varied ways in which the cultural heritage of
humanity is expressed, augmented and transmitted through the variety of cultural expressions, but also through diverse modes of
artistic creation, production, dissemination, distribution and enjoyment, whatever the means and technologies used

[70]

Cultural content The symbolic meaning, artistic dimension and cultural values that originate from or expresscultural identities are those expressions
that result from the creativity of individuals, groups and societies, and that have cultural content

[70]

Cultural expression An expression that results from the creativity of individuals,groups and societies, and thathave cultural content [70]
Cultural activities, goods
and services

Activities, goods and services,which at the time they are considered as a specific attribute, useor purpose, embody or convey cultural
expressions, irrespective of the commercial value they may have. Cultural activities may be an end in themselves, or they may
contribute to the production of cultural goods and services

[70]

Cultural industry An industry producing and distributing cultural goods or services [70]
Cultural Site A work of man or the combined works of nature and of man, and areas including archaeological sites which are of outstanding

universal value from the historical, aesthetic, ethnological or anthropological points of view
[68]

Cultural Monument An architectural work, works of monumental sculpture and painting, elements or structures of an archaeological nature, inscriptions,
cave dwellings and combinations of features, which are of outstanding universal value from the point of view of history, art or science

[68]

Groups of buildings Groups of separate or connected buildings which, because of their architecture, their homogeneity or their place in the landscape, are
of outstanding universal value from the point of view of history, art or science

[68]

Cultural policies and
measures

Policies and measures relating to culture,whether at the local, national, regional or internationallevel that are either focused on culture
as such or are designed to have a direct effect on cultural expressions of individuals, groups or societies, including on the creation,
production, dissemination,distribution of and access to cultural activities, goods and services

[70]

Protection The adoption of measures aimed at the preservation, safeguarding and enhancement of the diversity ofcultural expressions [70]
Conservation The complex of attitudes of a community that contributes to making the heritage and its monuments endure. Conservation is achieved

with reference to the significance of the entity, with its associated values
[67]

Interculturality The existence and equitable interaction of diverse cultures and the possibility of generating shared cultural expressions through
dialogue and mutual respect

[70]

Human cultural heritage The complex of man’s works in which a community recognizes its particular and specific values and with which it identifies. Identi-
fication and specification of heritage is therefore a process related to the choice of values

[67]

Monument An entity identified as of worth and forming a support to memory. In it, memory recognizes aspects that are pertinent to human deeds
and thoughts, associated with the historic time line. This may still be within our reach, even though not yet interpreted

[67]

Site The combined works of man and nature, being areas which are partially built upon and sufficiently distinctive and homogeneous to
be topographically definable and are of conspicuous historical, archaeological, artistic, scientific, social or technical interest

[29]

Authenticity The sum of substantial, historically ascertained characteristics: from the original up to the currentstate, as an outcome of the various
transformations that have occurred over time

[67]

Identity The common reference of both present values generated in the sphere of a community and past values identified in its authenticity [67]
Restoration An operation directed on a heritage property, aiming at the conservation of its authenticity and its appropriation by the community [67]
Project of restoration The project, resulting from the choice of conservation policies, is the process through which conservation of the built heritage and

landscape is carried out
[67]

Architectural heritage An entity with the following permanent properties: the monuments, groups of buildings and sites to be protected. The architectural
heritage constitutes an irreplaceable expression of the richness and diversity of Europe’s cultural heritage, bears inestimable witness
to our past and is a common heritage of all Europeans

[29]

Table 5: Cultural Landscape Glossary

Figure 9. A portion of the Human Cultural Heritage Ontology Graph
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Concept Description Reference
Heritage The complex of man’s works in which a community recognizes its particular and specific values andwith which it identifies. Identi-

fication and specification of heritage is therefore a process related to the choice of values
[67]

Cultural-Anthropic Mon-
ument

An entity identified as of worth and forming a support to memory. In it, memory recognizes aspects that are pertinent to human deeds
and thoughts, associated with the historic time line. This may still be within our reach, even though not yet interpreted

[67]

Site The combined works of man and nature, being areas which are partially built upon and sufficiently distinctive and homogeneous to
be topographically definable and are of conspicuous historical, archaeological, artistic, scientific, social or technical interest

[29]

Authenticity The sum of substantial, historically ascertained characteristics: from the original up to the current state, as an outcome of the various
transformations that have occurred over time

[67]

Identity The common reference of both present values generated in the sphere of a community and past values identified in its authenticity [67]
Restoration An operation directed on a heritage property, aiming at the conservation of its authenticity and its appropriation by the community [67]
Project of restoration The process, resulting from the choice of conservation policies, through which conservation of the built heritage and landscape is

carried out
[67]

Architectural heritage An entity with the following permanent properties: the monuments, groups of buildings and sites to be protected. The architectural
heritage constitutes an irreplaceable expression of the richness and diversity of Europe’s cultural heritage, bears inestimable witness
to our past and is a common heritage of all Europeans

[29]

Architectural monument A building and structures of conspicuous historical, archaeological, artistic, scientific, socialor technical interest, including their
fixtures and fittings

[29]

Groups of buildings A homogeneous groups of urban or rural buildings conspicuous for their historical, archaeological, artistic, scientific, social or
technical interest which are sufficiently coherent to form topographically definable units

[29]

Historical center A human living settlement, strongly affected by a physical structure coming from past, recognizable as symbolical of a community
evolution

[65]

Intangible cultural her-
itage

The practices, representations, expressions, knowledge, skills as well as the instruments, objects, artefacts and cultural spaces
associated therewith that communities, groups and, in some cases, individuals recognize as part of their cultural heritage. This
intangible cultural heritage, transmitted from generation to generation, is constantly recreated by communities and groups in response
to their environment, their interaction with nature and their history, and provides them with a sense of identity and continuity, thus
promoting respect for cultural diversity and human creativity

[69]

Intangible cultural her-
itage domains

The “intangible cultural heritage” is manifested inter alia in the following domains: oral traditions and expressions, including lan-
guage as a vehicle of the intangible cultural heritage; performing arts; social practices, rituals and festive events; knowledge and
practices concerning nature and the universe; traditional craftsmanship

[69]

Intangible cultural her-
itage safeguarding

The measures aimed at ensuring the viability of the intangible cultural heritage, includingthe identification, documentation,research,
preservation,protection, promotion, enhancement, transmission, particularly through formal and non-formal education, as well as the
revitalization of the various aspects of such heritage

[69]

Table 6: Human-Cultural Heritage Glossary

Figure 10. A portion of the Natural Heritage Ontology Graph

Concept Description Reference
Natural Heritage An entity defined by physical, biological, and geological features; habitats of threatened plantsor animal species and areas of value

on scientific or aesthetic grounds or from the point of view of conservation
[68]

Natural feature A physical and biological formation or groups of such formations, which are of outstandinguniversal value from the aesthetic or
scientific point of view

[68]

Natural area A Geological and physiographical formation and precisely delineated areas which constitute the habitat of threatened species of
animals and plants of outstanding universal value from the point of view of science or conservation

[68]

Natural site An entity with universal value from the point of view of science, conservation or natural beauty [68]
Biological diversity The variability among living organisms from all sources including, inter alia, terrestrial, marine and other aquatic ecosystems and the

ecological complexes of which they are part; this includes diversity within species, between species and of ecosystems
[66]
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biological resource A genetic resource, organism or parts thereof, populations, or any other biotic component of ecosystems with actual or potential use
or value for humanity

[66]

domesticated or culti-
vated specie

A specie in which the evolutionary process has been influenced by humans to meet their needs [66]

Ecosystem A dynamic complex of plant, animal and micro-organism communities and their non-living environment interacting as a functional
unit

[66]

habitat The place or type of site where an organism or population naturally occurs [66]
protected area A geographically defined area which is designated or regulated and managed to achieve specific conservationobjectives [66]

Table 7: Natural Heritage Glossary

Figure 11. A portion of the Rural landscape Ontology Graph

Concept Description Reference
Rural landscape The area outside the larger and moderate-sized cities and surrounding population concentrations.Generally characterized by farms,

ranches, small towns, and unpopulated regions
[35]

Ecological factor The study of animals and plants in relation to their environment. Human ecology deals with human communities in relation to their
environment

[60]

Forest and semi-natural
areas

A complex ecosystem in which trees are the dominant life-form [27]

Hidrography The measurement and description of the physical features and conditions of navigable waters and adjoining coastal areas, including
oceans, rivers, and lakes

[46]

Water courses A natural or artificial water-course serving as water drainage channel. Includes canals [32]
Water body A natural or artificial stretch of water [32]
Geomorfological feature The structural framework of landscape, weathering and soils, mass movement and hillslopes, fluvialfeatures, eolian features, glacial

and periglacial phenomena, coastlines, and karst landscapes
[46]

Historical settling factor Colonization by agricultural workers and their families of virgin [52]
Artificial surface An Area of other than housing buildings, in-door spaces, stables, garages, workshops, lay-by and storing areas, often also bad land

with ruderal vegetation, part of farms. The farms are often located in outskirts or close to rural settlements with agricultural function.
Concentration of agricultural buildings in areas of various sizes was associated with collectivization of agriculture

[32]

Arable land A lands under a rotation system used for annually harvested plants and fallow lands, which are permanently or not irrigated. Includes
flooded crops such as rice fields and other inundated croplands

[32]

Mobility facility Motorways and railways, including associated installations (stations, platforms, embankments) [32]
Table 8: Rural Landscape Glossary
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