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Abstract: This paper presents the structure and implementation of the electronic diction-
ary of geologic terms (GeollSSTerm) as a special-purpose taxonomy of basic geologic
concepts and terms. GeolISSTerm can be an elementary electronic resource in the process
of domain formation in the Geologic Information System of Serbia (GeolISS). As such,
it is the core of GeolISS through which validation, classification and specification of at-
tributes of the observed and the interpreted takes place.

GeolISSTerm is a result of the work on the project The Development of Geologic Terminol-
ogy and Nomenclature for the Geologic Database of Serbia carried out by the Faculty of
Mining and Geology, University of Belgrade, funded by the Ministry of the Environment
and Spatial Planning of the Republic of Serbia. A short history of GeollSSTerm and an
overview of the structure and the way of arranging terms, in view of the terminological
resources and the position of the GeolISSTerm dictionary in the semantic spectrum is fol-
lowed by a description of the approach to the development of the geologic terminology and
the structure of the vocabulary using the UML (Unified Modeling Language) model. The
concept of domain control in the Geologic Information System of Serbia has been explained
in detail. Software solutions for browsing and searching the dictionary online and the solu-
tion for domain control, namely, integration into GeolISS are illustrated by screenshots of
the interface. The possibilities of exporting the vocabulary to standard ontology languages,
such as the OWL, modelled on the GeoSciML initiative are planned to be provided. The
electronic edition of the dictionary is complemented by the printed version.
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1. Introduction

The physical implementation of the Geologic
Information System of Serbia (GeollISS) in mid-
2006 marked the beginning of development of
the geologic terminology and nomenclature. The
main aim of the development of this electronic
resource was the creation of a standard dictionary
of geologic terms for the purpose of providing
logically consistent description, interpretation
and classification of geological units, geologic
structure, mineral and hydrological resources
and other geologic features in the domain of ap-
plied disciplines by using GeollSS.

The development of the electronic dictionary
of geologic terms intensified in 2008 as part of
a separate GeollISS project named The Develop-
ment of Geologic Terminology and Nomencla-
ture for the Geologic Database of Serbia. The
goal of this project was to add information on
the existing geologic concepts and terms and
expand the dictionary by adding new ones, pri-
marily those from specialized fields of geology
that were not present in the initial version to a
satisfactory degree. The work on the dictionary
continued after the project ended and the current
version containing around 3800 concepts in Ser-
bian and English is a functional geologic termi-
nology resource that will be capable of meeting
the needs of the Geologic Information System of
Serbia — GeollISS (Blagojevi¢, 2007). Experts in
a variety of geologic disciplines have contributed
to the work on terminology'. Although GeolISS-
Term has been developed for the purpose of data
processing, the electronic dictionary is comple-
mented by a print edition (Trivi¢, 2011).

Special attention has been paid to the struc-
ture of concepts and the manner of their orga-
nization in the terminological resources and the
GeolISSTerm dictionary, as well as to their posi-
tion on the semantic spectrum (Section 2). In ad-
dition to a detailed description of the approach to
the geologic terminology and the UML model of

!http://geoliss.ekoplan.gov.rs/term/OProjektu.aspx
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vocabulary structure, Section 3 presents the con-
cept of controlling the allowed values of domains
in the geologic information system. The devel-
oped software solutions are shown in Section 4.
It features a description of not only the tools used
to develop the dictionary and the application for
browsing and searching its content online, but
also the component for domain control, namely,
integration into GeolISS. The application of Ge-
olISSTerm as a bilingual resource is illustrated
by automatic map symbolization in Serbian and
English. The directions for further development
of this important terminological resource are
proposed in the closing section.

2. Terminological resources

The resources intended for data processing
can be organized in a variety of ways and serve
different purposes. The primary, although not the
only function of GeolISSTerm is controlling the
allowed values of domains. A controlled vocab-
ulary is a carefully selected collection of terms
(words and phrases) chosen to suit a special pur-
pose determined by its author. These vocabular-
ies are used for tagging information in databases
and documents, making it easier to locate them
when performing searches.

Depending on their content, structure and
organization, vocabularies, as terminological
resources can, in a general sense, be viewed as
indexes, glossaries, taxonomies, thesauruses and
ontologies. Although the boundaries between
these types are not always clear-cut, each is an
extension of the one that precedes it. The seman-
tic scale (Figure 1) is based on the ontological
spectrum from Daconta M.C. (2003) and Debo-
rah L. McGuinness (2003). The starting point in
the lower left corner is an index, as the simplest
list of terms (usually arranged in the alphabeti-
cal order), followed by a glossary, which, like an
index contains definitions of terms.

Glossaries are lists of terms with definitions
that can be monolingual, bilingual or multilin-
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gual. In the case of a multilingual linking of terms,
parallel multilingual or bilingual lists, namely,
lists of paired terms are often made. These lists
usually do not contain definitions of terms.

Further arrangement of the resources on the
semantic scale (from weakly to strongly repre-
sented semantic descriptions) is aimed at the in-
troduction of relationships among terms, namely,
concepts represented by concrete terms. The
primary and basic relationships among concepts
represented by the terms are: hypernym and hyp-
onym that can also be viewed as the broader and
the narrower term respectively. The terms in the
hierarchy are linked via the is a relation which
can be:

* The hyponym of the same type as the hy-
pernym

* The hyponym is part of the hypernym

* The hyponym is an instance of the hypernym

Strong semantic description
Ontology

A formal representation
of knowledge which
includes the
vocabulary containing
a set of concepts ,
Thesaurus gemantic relationships
Ataxonomy  petween those
expanded o concepts and simple
include reasoning about a
_ additional  certain domain
2777 semantic
refationships

)
(D)

().
)]
9

Taxonomy
A hierarchical
organization of terms

Glossary
an index containing
definitions of terms

Index
a list of terms specific
to a certain field

Weak semantic description

Figure 1. Semantic scale of terminological resources

A taxonomy is a hierarchical classification of
concepts, things, objects, beings, events or prin-
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ciples that are classified. A trunk or tree is a struc-
ture that makes it possible to define a hierarchical
relation between concepts. The parent-child rela-
tions within a tree represent the hyponym - hy-
pernym relationship between the concepts related
to terms. More elaborate relationships between
concepts that include meronyms, antonyms, de-
rived terms, etc. cannot be represented by using
a tree structure, which is why graph structures
are applied to describe semantic relations. Such
structures are encountered in many thesauruses,
semantic networks and ontologies.

Taxonomies in the broadest sense of the term
involve the study of the general principles of sci-
entific or systematic classification. The notion of
a taxonomy or systematic classification usually
implies an ordered classification of plant and ani-
mal world, following the supposed natural rela-
tions existing in it. In information science, tax-
onomies are products of engineering rather than
just an abstract result of human thought. The
understanding of taxonomies in information sci-
ence is therefore different and they are viewed
as classifications of entities in the form of hier-
archies in accordance with the assumed relation-
ship between real world objects represented by
these information objects.

Thesauruses are above taxonomies in the se-
mantic spectrum. They can be defined as vocab-
ularies structured in such a way so as to display
equivalence, homography, hierarchy and associa-
tion relations among terms in a clear manner and
allow their easy recognition through standard in-
dicators. The primary role of a thesaurus is to fa-
cilitate finding documents and achieve consistency
in the indexing of stored documents or records in
a database. In order to meet this requirement, the-
sauruses usually link the approximate meaning of
one term to that of another. The terms are most
often confined to a single domain, for example
military equipment. The controlled vocabulary
has been conceived to support finding informa-
tion, while at the same time providing assistance
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to the individual who associates the terms, namely
indexes a document (or a file) in the database or an
individual who wants to find or search information
with the help of the same terms used for indexing.
All this leads to the conclusion that thesauruses are
primarily intended to be used by humans, although
they are used in the IT environment.

The definitions of the boundary between a
thesaurus and an ontology in the literature dif-
fer, ranging from those stating that ontologies
and thesauruses are one and the same, the differ-
ence being only in their respective purposes, to
the ones that regard ontologies as only those re-
sources that allow derivation of new knowledge
from the existing pieces of knowledge.

It should be kept in mind that both in the lit-
erature and in practice, the notion of ontology
often includes structures ranging from simple
taxonomies with minimal hypernym or hyponym
structure, taxonomies containing words and syn-
onyms, conceptual models featuring complex
knowledge all the way through to theories of
logic with rich, complex, consistent and mean-
ingful knowledge.

Based on all of the above, it could be said
that an ontology defines the words and concepts
used for describing a field of knowledge, thereby
standardizing meanings. Ontologies are used by
humans, databases and applications sharing in-
formation from the same domain. They code the
knowledge from a single domain, as well as the
knowledge that covers several domains. In this
way, ontologies make it possible to reuse coded
knowledge. An ontology consists of:

— Classes (or general templates of entities)
belonging to different domains of interest

— Instances (individual entities)

— Relations between these entities

— Properties and the values of properties of
these entities

— Functions and processes that these entities
are included in

— Constraints and rules that refer to these en-
tities
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Therefore, an ontology can be viewed formal
representation of knowledge which includes the
vocabulary containing a set of concepts, seman-
tic relationships between those concepts and
simple reasoning about a specific domain. It can
also be regarded as a data model describing a
certain field, namely, a domain and is used for
drawing inferences on the basis of the informa-
tion stored in the objects within that domain and
the interconnections existing between them. On-
tologies are used in important fields of computer
and information science, such as artificial intel-
ligence, semantic web, information systems, etc.,
as a form of representation of knowledge about
the world or some part of it. Generally speaking,
ontologies describe: objects at the basic level,
classes as sets, collections or types of objects, as
well as attributes as properties, the characteris-
tics or parameters that can be shared by objects
and the relations interconnecting objects.

The electronic lexical database SWN (Serbian
WordNet), as a semantic network of words of Ser-
bian (Krstev et al., 2008) is indispensable in terms
of the development of terminological resources
with a rich semantic description. The first network
of this kind was built for the English language at
Princeton and provided the basis for the creation of
WordNet for many other languages. The versions
of WordNet built as part of European projects Eu-
roWordNet and BalkaNet, among which the Ser-
bian variety have been aligned with the Princeton
WordNet, which allows their use in many multilin-
gual applications (Obradovic et al., 2008).

WordNet has become a de facto standard for
semantic networks based on the premise that in
the human mind, words, as the fundamental ele-
ments of language, group around concepts, ab-
stract ideas, namely, mental symbols. Concepts
include objects belonging to a certain category,
domain or a class of entities, interactions or phe-
nomena. One of the domains included in the
English WordNet is geology, represented by 625
concepts. However, the selection and range of
geology-related concepts and the relationships
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between them did not meet the specific require-
ments of GeolISS.

On the semantic scale populated by differ-
ent terminological resources and properties, the
current implementation of GeollSSTerm is po-
sitioned between a taxonomy and a thesaurus,
although the data model allows storing richer se-
mantic relations. Further development will be fo-
cused on enriching the semantic relations exist-
ing between the concepts already included in the
vocabulary, such as meronymy, antonymy, etc.,
as well as “is_used for”, “is derived_from” and
those specific to geology, which will improve the
position of GeolISSTerm on the semantic scale,
promoting it to the status of an ontology.

3. The GeollSSTerm data model

3.1. The approach to the development of

geologic terminology

The initial ideas about the development and
role of terminology in the geologic information
system revolved around a variety of views, from
the opinion that lists of geology terms for each
domain should be made or favouring the idea of
simply taking the terms from Geologic Terminol-
ogy and Nomenclature edited by Kosta Petkovic,
through to the belief that taking the glossary from
Glossary of Geology (Bates, and Jackson, Ed.,
1995) would be the best course of action. These
ideas ultimately resulted in a partial analysis of
the book Geologic Terminology and Nomencla-
ture (Petkovi¢, 1975) and an analysis of the terms
used when making certain sheets of the General
Geologic Map (GGM) (fieldwork logs, map leg-
ends and the descriptions found in them) and an
analysis of the available terminology compiled
for geologic information systems (U.S. Geologi-
cal Survey - USGS, California Geological Survey
- CGS, British Geological Survey - BGS, Interna-
tional Union of Geological Sciences - [UGS).

The results of these analyses showed Geologic
Terminology and Nomenclature (Petkovi¢, 1975)
to be undoubtedly the most comprehensive local
geologic publication, but it also demonstrated
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that it abounded in synonyms, terms with dif-
ferent, often contradictory meaning, homonyms
of the same meaning, archaisms whose etymol-
ogy is not clear enough or is even unknown,
imprecise definitions of certain terms, etc. The
terminology used in the GGM is very abundant,
but the descriptions made at the geologic ob-
servation points are sometimes too elaborate or
too short and cryptic, the explanations contain a
rather large number of commonplaces, without
references to concrete data.

As far as the terminologies developed for
geologic information systems are concerned, the
American standard of scientific vocabulary for
the digital geologic map database (Soller, D.R.,
2004) is the most thorough and in many ways it is
a terminological system. It focuses not only on the
classification of the geologic material, but also on
very precisely defined terms that are used to de-
scribe the properties of that material, including its
genesis. The terminology of the Geological Survey
of Canada, originally developed independently of
others (Struik, et. al., 2002) features a strict petro-
logic classification of rock material together with
the properties collected from different, primar-
ily cartographic documents. This is how a simple
search, comparison and grouping of rocks or the
units where they are present is made possible, in
the database models that support ontologies, on the
bases of a single key word or a number of proper-
ties. This approach was later incorporated into the
terminological system in the United States too.

The classification of rocks of the British
Geological Survey (Gillespie, and Styles, 1999;
Hallsworth, and Knox, 1999; Mcmillan, and
Powell, 1999) is outstanding from the petrologic
and practical point of view of geology, since it
features almost all the criteria for the determina-
tion and multihierarchical classification of rocks
(genesis, composition, structure, texture).

IUGS (International Union of Geological Sci-
ences) publications related to the classification of
volcanic and plutonic rocks (Le Maitre, et. al.,
2002), the stratigraphic guide and stratigraphic
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terminology (Salvador, 1994), as well as the
chronostratigraphic division (Gradstein, et. al.,
2004), have been widely accepted by national
geologic communities and academic institutions.
As such, they provide both good resources of
terms and guidelines for the development of geo-
logic terminology.

The above-mentioned publications made it
clear that:

* the terminology, in the geologic information
system, cannot consist of a list of geologic terms
only, but that every term or concept must be
clearly and unequivocally determined, namely,
defined and that only then it can have a commu-
nications role;

* analytical requirements of comparison,
correlation, grouping and searching geologic
similarities and differences, details and unique
features of rock material, geological units and
structures call for assigning the central role to
terminology in the information system;

* older, inherited terminology must be in-
cluded in the GeolISS vocabulary, because that
is the only way for the original concepts from the
historical geologic documents to be entered into
the digital database, to track their evolution, i.e.
possible changes of meaning over time;

* the progressive and recursive nature of the
observation and interpretation process has a hier-
archical, namely, family tree structure; from the
initial generalization to gradual distinguishing
between specific categories that provide more
detailed information about the geologic material
(Soller, 2004).

3.2. GeolISSTerm as a controlled vocabulary

In view of the function that the geologic vo-
cabulary has in GeolISS and the international
practice, GeollSSTerm is organized as a taxon-
omy with a definition for each term, synonyms
and bibliographical references of the sources
from where the terms were taken, as well as the
equivalent terms in other languages (currently,
only English equivalents are present, see Exam-
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ple 1). The size of the vocabulary, namely, the
number of concepts is not finite, but the current
version features around 3800 basic, universally
accepted geologic terms with the highest fre-
quency of use in practice, with almost as many
English equivalents.

The relationships between the concepts repre-
sented by the terms are: hyponymy and hyperny-
my that can be regarded as referring to a broader
and a narrower term respectively. The relations
can be further expanded by including synonymy,
where the basic term becomes associated with
the terms of the same meaning. The relationships
include establishing a link to the terms in other
languages too.

The validation, classification and specification
of the value of attributes, namely the fields in the
database tables are done via controlled vocabular-
ies derived from GeolISSTerm. The examples of
the vocabularies derived from GeolISSTerm are
petrologic classification, mineralogic classifica-
tion, geochronological scale and a lexicon of geo-
logical units. These are followed by the vocabu-
laries, extracted from the terminology, belonging
to the fields of structural, economic, engineering
geology and hydrology that can be browsed at:
http://geoliss.ekoplan.gov.rs/term/recpj.aspx.

3.3. GeollSS vocabulary structure

In order for the vocabulary to be able to meet
all previously derived requirements and be func-
tional within GeolISS, the UML model with a
special structure was developed (Figure 2). The
class Recnik (Vocabulary) in the model is a lexi-
cographic superclass whose instances are inher-
ited. GeoloskiRecnik (GeologicVocabulary) has
been implemented as an abstract class, since the
class Koncept (Concept), above all, allows enter-
ing general geologic concepts and terms common
to all geologic disciplines and centralizes individ-
ual classifications (petrologic, mineralogic, strati-
graphic, chronostratigraphic). The term “concept”
itself (lat. conceptus — notion) naming the central
class has been used in its original meaning to re-
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fer to an abstract or a general idea of an assumed
or concrete instance (Angeles, 1981).

The hierarchical structure of the vocabulary
(Figures 2 and 3) is made possible through invo-
lution i.e. recursive relation modelling the rela-
tion hypernym—hyponym in such a way that any
(hyponymous) term in the vocabulary hierarchy
can appear only once and have just one hyper-
nym. Moreover, every term can have an equiv-
alent in one or more foreign languages via the
MultijezickiLeks (MultilanguageLex) class. The
class AdminTerm is used for the terms that do not
belong to the realm of geology, but are necessary
for the functioning of GeollSS. The relations be-
tween different terms (e.g. derived from, having
broader meaning than, lexical variant, etc.) can
be recorded in the class RelacijeTermina (Ter-
mRelations). Written source/s from which con-
cepts or terms were taken, together with their
meaning are entered into the class Bibliografija
(Bibliography) and the author who added the
new vocabulary entry is registered through the
Metapodatak (Metadata) class.

ESRI Classes::Object
+OBJECTID
LF Metapodatak
Recnik - 1"*0”
-InstancalD o "
Metazapis/D Bibliografija
AdminTerm -RepozitorijumID -BiblioRefID
_Naziv -Autor
;I\rl\‘adl_nstancalD -Opis Naslov
azv - -zdavac
-RedniBroj -Godinalzdanja
+Sinonimi -TipReference
+Parametri - - -Edicia
+TerminlzvanUpotr GeoloskiRecnik Tom, Knjiga
-Serija
0..1
+odKoncepta
MultiJezickiLeks Koncept N
-OriginallnstancelD -NadinstancalD -
-SequenceNo -RedniBroj 0.1
-Synonimys 0. ftSinonimi

DeprecatedTerm ] -TerminlzvanUpotr

+ekvivalent 0.. +ma +kaKonceptu
‘ MlneraloskaKIaS|f|kacija ‘ ‘HronostratigrafskaSkal#
| PetroloskaKiasifikacija | [ StratigrafskiLeksikon |

Figure 2. UML model of the structure of the
GeolISS vocabulary (ESRI profile)
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| & Geoloiki reénik
DEXeRadzEHI

Geoloska terminologija | nomenkdatura

-- Recnik geoloskih metapodataka

El- Osnovri geoloski temmini

El- Geoloka jedinica

-- Tip jedinice

=t Rang jedinice

- Nije odreden

=8 Supergrupa

i Grupa
N

=-Clan

- Kompleks

[ Biozona

B~ Supersvita

- Zona polarteta

B~ Deo geoloZke jedinice

- Oblici i nadini pojavijivanja gecloskih jedinica
- Opéti tipowi geoloskog sastava

- Geolo2ki procesi, sredine | geneza

Figure 3. An example of the hierarchical structure of
the dictionary of geologic terms

The structure of the individual entry “formaci-
ja” shown in Figure 3 is given in Example 1.

Example 1.

Name: Formacija

Definition: Formacijaje osnovnajedinicalitostrati-
grafske klasifikacije koja predstavlja stensku masu sa
jedinstvenim sedimentoloskim i paleontoloskim kara-
kteristikama, formiranim u uslovima jedinstvene de-
pozicione sredine nekog vremena.

Direct hypernym in the hierarchy : Grupa

Translation of the term: Formation

Translation of the definition: A persistent body
of igneous, sedimentary, or metamorphic rock, having
easily recognizable boundaries that can be traced in
the field without recourse to detailed paleontologic or
petrologic analysis, and large enough to be represent-
ed on a geologic map as a practical or convenient unit
for mapping and description; the basic cartographic
unit in geologic mapping (NACSN, 1983). The for-
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mation is the fundamental unit in lithostratigraphic
classification. A formation is a body of rock identified
by lithic characteristics and stratigraphic position; it is
prevailingly, but not necessarily, tabular and is map-
pable at the Earth’s surface or traceable in the subsur-
face (NACSN, 2005).

Synonyms (English): none

References: North American Stratigraphic Code
Grupa autora 2005. AAPG; Internacionalni stratigraf-
ski vodi€ i re¢nik stratigrafskih termina. Jovanovic,
R., Jovanovi¢, D. 2007 Naftagas, Novi Sad ; Petrolo-
gy: The Study of Igneous, Sedimentary and Metamor-
phic Rocks. Raymond, L.A. 2002 McGraw-Hill. 736
str., New York.; Geolosko kartiranje. Dimitrijevic,
D. M. 1978 lIzdavacko-informativni centar stude-
nata, 486 str., Beograd.; Sedimentologija Grubié, A.,
Obradovi¢, J., Vasié, N. 1996 Univerzitet u Beogradu,
436 str., Beograd.; International Stratigraphic Guide.
Hedberg, H. D. (Ed.) 1976 J. Wiley & Sons. - Inter-
science publication, 200 str., New York; NASC (North
American startigraphic Code). The North American
Commission on Stratigraphic Nomenclature 2005
The American Ass. of Petroleum Geologists. Tulsa-
Oklahoma.

The derived relations are descendants and an-
cestors in Serbian and English.

3.4. Modelling property domains

In order to control property values in GeolISS,
it is necessary to ensure extraction of the sets of
terms representing the allowed values for indi-
vidual properties, which is done by creating the
appropriate domains. The domains can be lists of
terms or a hierarchical tree of terms, but in both
cases we are dealing with the terms included in
the vocabulary. Figure 4 shows the UML domain
management model. The abstract class MetaAd-
min is inherited by other classes in the model.
The Domain class is where all the data necessary
for a description of some domain are registered:
whether it is a list or a hierarchical tree, from
which dictionary the data are taken: geologic,
administrative, numerical (in which case there
is an allowed range of values), which geologic
discipline it belongs to and so on. The role of the
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class DomainNode is to determine which terms
are incorporated into a domain. This is the class
where an individual node and the kind of its in-
tegration into a domain are specified. There are
four possibilities:

— That node only,

— The node and its children (direct descen-
dants),

— Only the children of the selected node
(without the selected node) and

— The node and all its descendants.

The first three kinds are typical of lists of terms,
while the fourth is generally used for hierarchi-
cal domains. Since several instances of the class
CvorDomena (DomainNode) can correspond to
a single instance of the class Domen (Domain), a
domain can consist of several branches of the vo-
cabulary. The majority of domains are generated
on the basis of the geologic vocabulary (78), but
a smaller number is generated from the adminis-
trative vocabulary (22) and from meta data about
the GeolISS entities (11).

The class Svojstvo (Property) models the
metadata about the physical and logical attributes
in the database, while the class Entitet (Entity)
comprises instances of all spatial and classes of
attributes and also their subclasses, namely sub-
types. Among the metadata provided by the rela-
tionship class SvojstvoEntiteta (EntityProperty)
is the domain (Figure4).

The instances of the class Entitet (Entity) are
for example: MappedUnit, GeologicAge, Geo-
logicMaterial, ExodynamicPhenomenon, etc.
Moreover, the instances of the class Svojstvo
(Property) are: Colour, Composition Category,
ChemicalComposition, etc., while the relation-
ship class SvojstvoEntiteta (EntityProperty)
connects the instances of entities and proper-
ties. For example, the property Composition
Category is present in the entities MappedUnit
and GeologicMaterial, and takes the values
from the domain dComposition Category in
both cases.
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ESRI Classes::Object
+OBJECTID : esriField TypeOID

ﬁl

MetaAdmin

-InstancalD
-RepozitorijumID
-Komentar

ﬁl

Domen Svojstvo Entitet
_NazivDomena -NazivAtributa | |-Naziv
-InterniNaziv -InterniNaziv | |-InterniNaziv
-IzvorVrediDomena -TipPretrage [ |-Grupa
-TipDomena -TipPodatka | |-NazivAtributaPK
-TipUredjenja -MaxStrDuzina | |-Vrednost
_OblastID -KonceptID -VrednostStart
-sSQL -PreuzetPKOdEntiteta
-GeoloskiTipPodatka -TipEntiteta
-MinimalnaVrednost -Implementacija
-MaksimalnaVrednost -NadInstancalD

. -RedniBroj
9.% H 0. -NazivAtributaSubtip
o Term SvojstvoEntiteta 0 1

-EntitetID
-SvojstvolD

CvorDomena -RedJniBroj

-DomenID -Dozvolien_NULL

-KonceptID -Implementacija

-Tip -Kardinalnost

-sSQL -TipRelaciieMetazapisa
-PodrazumevanaVrednost
-Domen

Figure 4. UML model for GeolISS domain
management (ESRI profile)

The generation of instances belonging to the
class Domen (Domain) is illustrated in Example
2 featuring the basic parameters of the domain
dKategorijaSastava (dWaterPropertyType) used
for all hydrologic phenomena and objects for
classification by water type.

Example 2

Domain: dTipPoSvojstvuVode

Domain Value Source: Koncept (geoloski
recnik)

DomainType: Integer (prenosi se primarni kljuc)

Layout type: Lista

Field: Hidrogeologija

Definisanje sadrzaja ovog domena se ostvaruje
preko primeraka klase CvorDomena:

Klasifikacija podzemnih voda na osnovu porekla
(svi ¢vorovi ispod njega bez njega): Podzemne vode
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hidrometeorskog porekla, Juvenilna voda, Kosmicka
voda, Konatna voda, Metamorfna voda;

Voda u nadkritiénom stanju (samo taj ¢vor);

Voda u vidu vodene pare (samo taj ¢vor);

Hemijski vezana voda (svi ¢vorovi ispod njega
bez njega): Zeolitna voda, Konstituciona voda, Kri-
stalizaciona voda;

Fizicki vezana vode (svi ¢vorovi ispod njega bez
njega): Adheziona voda, Adsorbovana voda, Apsor-
bovana voda, Higroskopna voda;

Kapilarna voda (samo prvi nivo ispod njega i on):
Kapilarno lebdeca voda, Kapilarno podizu¢a voda

Slobodna voda (samo taj ¢vor);

Voda u vidu leda (samo taj ¢vor);

Klasifikacija podzemnih voda na osnovu minerali-
zacije (svi ¢vorovi ispod njega bez njega): Malomine-
ralizovana voda, Mineralizovana voda, Rasol;

Mineralna voda (samo prvi nivo ispod njega i on):
Termomineralna voda, Lekovita voda, Termalna voda,
Industrijska mineralna voda.

The domain management interface shown in
Figure 5 has been integrated as part of the GeolISS
software that only the users with administrative
privileges can have access to. A user can create
a domain in an interactive manner and check its
content. The domain browsing tab allows view-
ing a table listing the terms belonging to a domain
(lower left part of Figure 5). However, since there
are hierarchical domains too, tree browsing is
also possible (lower right part of Figure 5).

=% Domeni

a _) >( ﬂ ‘35 2vor domenia ITaheIam\ prikaz Evnmva] Svoj
y
o S — 126 x
Anmana
Nazivdomena  [dTipSastavaledinice Instanca ID ;
Instanca
Interni naziv dTipSastavaJedinice
> Tip
Kod 12

uil;w Pregledanje domena: dTipSastavaledini

4l izabrana stavka

Domen | Tabelami prikaz domena ~ Prelistavanie domena ]

Pregledanje domena kao liste

Cpéti tipovi geclodkog sastava

‘ Pregledanje domena kao stabla
#]- Karbonati

Kopirarie selektivanih redova u Clipboard | 5. pirocans nekebonatne stens

#]- Kalcisko-siikatne stene

[
[
emenii domenia :
firsanca hazin || E ot
= [#- Kvarcne stene
[
[

[ B Karbonati

£ Peliti
1386 Hemogene nekarbonatne stene i Magmatiti
[l Kalcitsko-silikatne stene - Metamorfiti

. 1372 Feromagnezijske stene - Argiliti

Il 1354 Kwarcne stene - Serpertiniti

Il 1352 Peliti Monomineralne stene
137« Magmatiti Sulfidi

1381 Metamorfiti Gvozdevite stene

1377 Argiliti Kregnjacko-semipeliske stene

Figure 5. Domain management in GeolISS
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4. Software solution

The application was developed using MS Vi-
sual Studio and the programming languages C#
and Aspx, while the data were stored in the MS
SQL Server 2008 data management system. This
section features a brief description of the compo-
nents of the software solution which consists of
several elements:

— Standalone application for entering dic-
tionary entries, which can be used not only in the
context of GeollISS, but also as an independently
functioning component

— GeolISS component integrated in the Esri®
ArcGIS® development environment for the GIS
systems (http://www.esri.com/arcgis), as an ex-
tension of the ArcMap tool for cartographic con-
tent management and

— Web application for browsing and search-
ing the dictionary

The data entry interface (Figure 6) displays
the structure i.e. organization of concepts and
terms already existing in the dictionary on the
left-hand side, while the right-hand side of the
interface shows the attributes of the selected
concept, namely, dictionary entry. Given the
structure of the dictionary, its content is not
strictly arranged by theme, but rather following
logically related entities. However, the flexibil-
ity of structure allows the possibility of rear-
ranging the content, forming new semantically
or thematically related groups, as well as sort-
ing and searching the content using different
criteria.

Every entry contains a name, i.e. the term it-
self, its definition, as well as, possibly, synonyms.
The number showing the entry’s place on the list
of terms is provided only for the purpose of cor-
rect sorting in the tree structure. The terms that
are for some reason regarded as unsuitable for
further use are not deleted from the dictionary,
but are taken out of use.

The software makes it possible for autho-
rized users to add new entries in the dictionary,
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where every new entry must contain the appro-
priate definition of the concept with a mandatory
bibliographic reference citing the source from
where the definition was taken. The information
on the metadata, including source of data, pro-
cessing method and comments is provided for
every individual term entry. A correction of a
dictionary entry can be made only by the user
who created it, so that the entry authorship re-
quirement is met.

& Geolozki recnik SAAs a® =5 -
(] X Eng@ BT | Nav Geoloske Kasfikacie
Geologka teminologiia | nomenklatura
- Renik geoloSkih metapodataka Sinonimi:

- Metode opssrvirenjz

Stepen pouzdanosti opserviranja

Metode merenja - kvantifikovanja

Meme jedinice (Sl sistem)

Osnova za kategerizaciu geolodikih opservacia

(- Surha geoloikog opisa

(- Metode procesienjz podataka

- Kertografeka projecia

[EI-Osnovni geolodki temini

Geolodka jedinica

Oblici i naini pojavijivanja geclodkih jedinica

Opéti tipovi geolodkog sastava

(- Geolodki proces, sredine | geneza

- Geologke klzsfikacie

- Osnovnz petrolodka teminologia | Kizsfikacie

Osnovna struktume-tektonska terminclogia i Kasifikacie
Osnovna stratigrafska teminelogija i klasfikacije
Osnovna palecrtolodka terminclogija i Kasifikacie
Osnovna inZenjersko-geolodka terminologia i klasfikacie
- Osnovnz hidrogeolodka temninologia | klzstikacis Rednibroj: |2
- Osnovna skonomsko-gesioéks temminclogis | Kssfikasie . 1_ o1 o
[l Posebna teminclogia i klasfikacie upotrebe: -
Osnovna geomerfolodka teminelogia i klasfikacie Ked.
Osnovna gechemiska teminologija i Klasifikacie
Osnovna hidrehemisica terminclogija i klasifikacie
Osnovna geoekolodka teminologia i klasifikacie
- Tiovi | semantika geolodkih relacia

Definicija:

Figure 6. Term entry interface

The application offers possibilities of a tabu-
lar view of subordinate terms within the selected
node, which is very useful for browsing and
updating related terms at the same level of the
hierarchy.

Moreover, it allows entering a translation of
the selected dictionary entry into one or more
foreign languages. At this point, only English
is supported, but the structure of the database
and the application itself make it possible to add
translations to other languages.

This form of a tabular view i.e. the interface
for browsing all the descendants (direct and in-
direct) of the selected node is shown in Figure
7. This example features the term “geological
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unit“. The users can filter the entry elements
they selected applying different criteria, namely,
browsing the information sorted in all the col-
umns shown below.

2, Geolozka jedinica ety " o (E=SEaf > )
=
Filter | [ I [ [ P
Definicia Srenmi Prevod Deinton Synomyme Reference -
Stancka mass ko Magnessatraigraph. | Amagnetostatar NASC ot Am_ |

Lateraini i vertik... |Kartirana jedinica | Deo gecloske jedin... | Lateralni i vertik... | Kartirana jedinica | ; Geolosko kartira.

Lateraini i vettk... |Kattranajediica | Part of gedogicunt | Lateral orvertical .. |Mapped Unt Pat |: Geologko kattira
Litologki relativmo. . | Ltologki konstiu... |Conceptual Mod.
Ltoloski relativro... | Litolo3ki kenstu... | Lthologic consttuent | Relatively homog... |Lthologic Membe. . | Conceptual Mod
Litologki relativmo. . | Ltologki konstiu... |Conceptual Mod.
Ltoloski relativro... | Litolo3ki kensttu... | Lthologic consttuent | Relatively homog... |Lthologic Membe. .| Canceptual Mod

LitoloZki relativno... | Litolodki konstitu... | litelogki clan

LitoloZki relativno... | Litolodki konstitu... | liteloki clan

Deo koj zauzima ... | Stratigrafska sek... |stratigrafski deo Deo koji zauzima .. | Stratigrafska sek... |Glossary of geclo.

Deo koj zauzima . | Stratigrafska sek... |Stratigraphic part | Apart of geologic... | Stratigraphic Seq... |Glossary of geclo

Deo koj zauzima ... | Stratigrafska sek... |stratigrafski deo Deo koji zauzima ... | Stratigrafska sek... |Glossary of geclo.

Deo koj zauzima . | Stratigrafska sek... | Stratigraphic part | Apart of geologic... | Stratigraphic Seq.. |Glossary of geclo

Stenska masa un... | Magnafaciia, Hol... |ltozom Stenska masa un... | Magnafacia, Hel... |; Glossary of Geol.

Stenska masa Un... | Magnafacis, Hol... |Lihosome Amass of rock of

; Glossary of Geol

Figure 7. Browsing all the descendants (direct and
indirect) of the selected node

The web application is available at http://
geoliss.ekoplan.gov.rs/term and unlike the
standalone component shown above, which is
intended for GeolISS users only, it allows free
browsing and searching of the dictionary. Thus,
only authorized users are permitted to add new
entries and update the dictionary, while read-
ing, browsing and searching are accessible to
the general public. In Figure 8§ the interface of
the Serbian and English dictionaries, on the left-
hand and right-hand side respectively is shown.
The Serbian and English version look similar.
On the right-hand side, there is a tree structure
providing a hierarchical view of entries, while
detailed information about the selected term
in the corresponding language is to be found
on the left-hand side. In the detailed view, the
term itself, displayed as a subtitle (in the inter-
face form in question “Litodemska jedinica”,
namely, “Lithodemic unit”), the tree structure
showing hypernyms, as well as the definition,
synonyms and the bibliographic reference are
shown. Switching from one language to another
is done by choosing the appropriate tab, namely,
the hierarchical tree structure on the right-hand
side of the interface.
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GEOLISSTERM
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259 0snown geolodki termini
€3 Geokika jedinica

Geolozka terminalogija i nomenklatura
Osnovni geologki termini

1. Geolotla jedinica e s
Tip jedinice =] Litostratiorafska jedinica
[ElBiostratiratska jedinica
Dernicua:

ElLtodemsia jedinica
] Hronostrataratsia jedica
[ElMagnetostratigraiska jedinica
] Litoloska jedinica

@ CIRang

@ (JDeo ge

jedinica generalno ne podleze superpozicionom pravilu @ 1 0blciin

Dominatno  intruzivna i intezivno  deformisana  ili
metamorfisana stenska masa, izdvojena na osnovu litoloskih
svojstava. Za razliku od litostratigrafske jedinice litademska

i geoloskin |

& (1 0p3titiovi geoloSkog sastava
Rererence: @ (5] Geolodki pracesi, sredine i geneza
@ (1 Geobste Kasiiacis

9 (JPosebna terminologia  Kasikacie

International Stratigraphic Guide. Hedberg, H. D. (Ed), 1976. J.
Wiley & Sons. - Interscience publication, 200 str, New York

€« C A © geoliss.ekoplan.gov.rs/term 5

Pocetna Pretraga reénika _Geohronoloaki reénik _Pojedinaéni reénici-Domeni O projektu _Terminologki resursi

GeoLISSTerm

GeoLO3Ki INFORMACIONI SISTEM SRBUE - GEOLOSKA TERMINOLOGLIA | NOMENKLATURA

LIiTHODEMIC UNIT

Gealogical terminelogy and nomendlature
Base geologic term
Geologic unit
Unit type

DEFNITION:

A lithodemic unit is a defined body of predominantly intrusive, highly

deformed, and highly metamorphosed rock, distinguished and delimited S
& () Geologic unit rank

on the basis of rock characteristics. In contrast to lithostratigraphic unit, a
(8 (] Part of geologic unt

lithodemic unit generally does not conform to the Law of superposition.

Rererence:

International Stratigraphic Guide. Hedberg, H. D. (Ed), 1976. J. Wiley &

Sons. - Interscience publication, 200 str, New York.

Figure 8. GeolISSTerm on the web — browsing the
dictionary in Serbian and English

The search by key word can be performed
in Serbian and English and is available at http://
geoliss.ekoplan.gov.rs/term/PretragaRecnika.
aspx. The user chooses the key word, for ex-
ample, “rang”, after which the system finds the
corresponding terms in Serbian and English.
The search is of the “*rang*” type, meaning that
the system will find all the terms containing the
string of letters “rang®. Figure 9 shows the terms
in Serbian: Rang jedinice, Rangiranje ugljonos-
nih jedinica, with the terms in English to the left:
Arranged fabric, Range value, Fold range, Size
range). The user selects one of the proposed
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terms and then obtains detailed information
about it, in Serbian and English, side by side. The
definition, synonyms, references, hypernyms and
hyponyms, given as hyperlinks leading to more
detailed information are displayed in both lan-
guages, in addition to the term itself.

Srpski English

[Rang jedinice Arranged fabric
Rangiranje ugljonos ih jedinica a i

Range value
The fold range
The size rang

Rang jedinice (Kategorizacija geolokin jedinica prema njinovem Geologic unit rank (A partial ordering property of Geelogic unit. Order of

rasprostranjenju il prisustvu drugih geclogkin jedinica unutar krupnije”  geclagic units based on extent of unit or inclusion of other geologic

geolodke jedinice (npr grupa, formacija..). ) units. Examples include: group, formation, bed, etc.

Sinonimi: Kategorija geoloske jedinice, kategorija kartirans jedinics. Synanyms: Geologic Unit Category, Geologic Unit Level, mappsd Unit
category, mapped Unit level

Hadredeni koncepti; Geoloska > Osnovni Geological terminology and nomenclature > Base

geolodki termini > Geolodka jedinic: geologicterm = Geologic unit

koncepti: Kompleks, Nije odreden, Supergrupa, Supersvita,  Hyponyms: Complex, Non estimated, Supergroup, Supersuite, Polarit
Zona polarieta, Biozona 20ne, Biozone

Reference:

GealoZko kartiranje. Dimitrjevi, D. W., 1978. lzdavatko- nformativni centar studenata, 486 str. Beograd

NASC (North American stamioraphic Cade). The North American Commiszion on Statigraphic Nomenclature, 2005, The American Ase. of
Peiroleum Geologists, Tulsa-Oklahoma

Figure 9. A search by key words

5. The application in cartography

The labelling and annotation of the carto-
graphic material is made possible both in Ser-
bian and English thanks to the relations between
Serbian and English equivalent terms, on the one
hand and the strong links between the dictionary
and the content of the GeolISS database on the
other. The steady rise in importance of multilin-
gual annotation reflects the growing need for in-
formation exchange with foreign companies and
geologic associations.
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Figure 10. An example of automatic map annotation
in English and Serbian

The importance of efficiency and flexibility
of database searches and finding information on
the web is growing by the day, therefore the use
of GeollSSTerm for expanding the queries in
the field of geology can play an important role
in their improvement (Stankovi¢ et al., 2010). In
view of the rich morphology of Serbian, one of
the ways of improving the searches related to the
geology resources on the web would be through
the integration of the morphological dictionary
of Serbian (Vitas et al. 2003) and GeollSSTerm
by adding inflectional class codes to the terms
featured in GeollISSTerm.

6. Conclusion

The development and use of the standardized
terminology in digital databases is in many re-
spects a novel field that is bound to evolve over
time, as more experience is gained in that area.
The significant steps and progress that have been
made in Serbia in the domain of geology, under-
standably, suffer from all the shortcomings that
accompany such a pioneering project. This is the
first time that a consistent glossary that includes
the basic geologic classifications in the field of
fundamental and applied geology has been inte-
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grated into a geologic information system. The
absence of unified, unequivocal and universally
accepted classifications that can satisfy all the
needs of geology as a science must certainly be
emphasized. Thus, the expansion of the range of
terms included in GeolISS will continue to be a
fundamentally and operationally important task,
aimed primarily at a clearer determination of the
geologic content and improving the quality of

INFOtheca, Ne 1, vol XII, August 2011

geologic data. Immediate and end users of the
information system can undoubtedly be instru-
mental in achieving that goal, above all, geolo-
gists, but also all other experts focusing on the
geoscience-related research. The possibilities of
exporting the vocabulary to standard ontology
languages, such as OWL, modelled on the Geo-
SciML initiative (http://www.geosciml.org/) are
planned to be provided.
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