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Abstract 
Comprehensive use of data and knowledge obtained within different disciplines is nec-
essary for the scientific substantiation of activities in the Arctic zone and for a system 
analysis of the possible consequences of this activity. Information resources created so 
far allow the access to a variety of data on the Arctic. The authors propose the solution 
for task of data consistency ensuring in the field of combined presentation and use of 
data and knowledge of interdisciplinary research. The proposed solution is based on the 
joint use of relational database and ontology. The developed structure and mechanisms 
of the database maintenance provide a uniform representation of the information about 
results of the researches executed in the framework of various disciplines. The ontology 
is a high-level global schema of the information system and it provides a dictionary that 
is used to formulate a database query in terms of a subject domain. In this work, 
ontology is implemented as a system of small fragments - ontology design patterns. The 
patterns use makes it possible to perform efficient preliminary database indexing, which 
ensures faster execution of user queries. 
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Introduction     
 
     In the last decades, qualitative changes 
in approach to the Arctic research have 
happened. The Arctic and subarctic territo-
ries are becoming a zone of expanding eco-

nomic activity of the human community. 
The experience accumulated by mankind 
shows that this activity can substantially 
change the existing ecosystems of the ter-
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ritories. For the Arctic zone, the danger of 
irreversibility of the consequences of hu-
man activity is particularly high. In this 
regard, it is extremely important to predict 
and analyze the possible consequences of 
any activity in the Arctic zone. To solve the 
tasks of analysis, adequate information sup-
port is needed, which is to provide the user 
with accessible data and knowledge on the 
problem of interest to him. 
     To date, there are many information 
systems that provide efficient storage and 
access to data related to various aspects of 
the Arctic macrosystem. The macrosystem 
is the aggregate of different systems (bio-
logical, social, technological and others) in 
interaction. Some of them were presented 
at the Session “Arctic Data and Informa-
tion Science meets System Science” of the 
Arctic Science Summit Week 2017. 
     Among the presented solutions are: 
Metadatabase “Global Index of Vegetation-
Plot Databases” (GIVD) [1] in which you 
can find metadata about major vegetation-
plot databases of the world, including data 
on Arctic territories; “PolarData Catalogue” 
[2] which is a database of metadata and the 
data that describe indexes and provides ac-
cess to diverse data sets generated by Arc-
tic and Antarctic researchers. Very promis-
ing is the projects “Arctic Data Ecosystem 
Map” [3] aimed to establishing a map of 
the arctic data management “universe”. The 
map should provide information on proj-
ects, several services and relationships, as 
well as geographical localization of infor-
mation entities. The Fennoscandian Ore 
Deposit interactive map and Database 
(FODD) are presented on the Geological 
Survey of Finland web-site [4]. The results 
of the geological surveys of Finland, Nor-
way, Russia and Sweden are accumulated 
in the FODD. This information resource is 
essential from the point of view of the 
mining industry development in the west-

ern part of the Arctic zone of the Russian 
Federation (AZRF). 
     Recently, several Russian developments 
focused on the integration of information 
on scientific research exist. They are e.g. 
web-server of the Siberian Branch of the 
Russian Academy of Sciences [5], the in-
formation system “Archives of the Russian 
Academy of Sciences” (IS ARAN) [6], the 
information-analytical system “Natural Re-
sources of Karelia” (Vdovitsin et Lebedev 
2012). Variant of the information base 
structure for support of the academic and 
university science interaction were offered 
earlier by the authors of this paper (Oley-
nik et Shtivelman 1998). The work of the 
team of authors, which includes Serebrya-
kov V.A., Bezdushny A.N., etc. is devoted 
to the project “Integrated Information Re-
sources System (ISIR) RAS” using Se-
mantic Web technologies (Bezdushny et 
al. 2006, Bezdushny et Serebryakov 2010, 
Serebryakov 2014). 
     However, existing information resources 
do not fully ensure the effective sharing of 
data and knowledge obtained in the vari-
ous subject areas (ecology and mining geo-
physics and  oceanography, demography, 
sociology and others). The creation of tools 
for informational support of interdiscipli-
nary research in the Arctic remains an 
urgent task. In the context of this work, 
knowledge is a result of cognitive activity 
which was systematized and recorded in a 
form suitable for further use. Printed fact 
sheets, papers, report materials, models, 
algorithms and etc. are the possible forms 
of knowledge representation. 
     In this paper, we consider the combined 
use of the relational database management 
system (DBMS) and ontology based infor-
mation system for the creation of informa-
tion support tools to interdisciplinary re-
search and various activities in the Arctic.  
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Material and Methods 
 
     Research results of the various institu-
tions of the Kola Science Center of the 
Russian Academy of Sciences [7] was 
used by the authors as a “test information 
source” of interdisciplinary data and knowl-
edge. The tools for information support of 
interdisciplinary research of the Arctic are 
the two types of systems that complement 
each other. The first is a relational database 
of researches results from various scientif-
ic fields.  
     The classic top-down approach was ap-
plied for development of the database struc-
ture. At the first stage we define a set of 
basic information entities which should be 
represented in the database. The authors 
proceeded from the assumption that the 
“point of intersection” of investigations of 

various disciplines is an object under re-
search (research object). It can be either a 
real physical object, or an abstract virtual 
object. Each research (research project) is 
carried out by the researcher (research team) 
in order to investigate some specific prop-
erties of the research object. The properties 
under investigation determine the subject 
of research. The researcher gets results us-
ing certain methods and research tools. The 
initial conceptual model of the interdisci-
plinary research database being created in-
cludes five basic entities cover to research: 
“object”, “subject”, “researcher, “method” 
and “result”. The relation between these 
entities is realized by the introduction of 
the entity “project” (Fig. 1.). 

 

 
 
Fig. 1. ER-diagram of basis information entities for interdisciplinary database. 
 
 
     The choice of the relational model is 
determined by the orientation to the data-
base distributed realization with horizontal 
and vertical fragmentation. This, on the one 
hand, will increase the efficiency and fault 
tolerance in data management, and on the 
other hand, in some cases, will speed up 
the response of the system to user queries. 

Data on the research should be entered into 
the database directly by their authors, or 
by “authorized” representatives of research 
teams. 
     The Django 1.8 web framework, the 
Python 3.5.2 programming language were 
selected as the tools for development of the 
database. The framework  Django signifi-
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cantly facilitate the development of complex 
web-applications on the language Python. 
     An essential disadvantage of databases 
is the use of explicit values of attributes 
both for providing links between tables and 
for targeted access to stored data.  
     In recent decades, ontology has been 
used to structure, formalize and unify the 
representation of knowledge for the pur-
pose of its repeated and flexible use in in-
formation systems. As noted, in particular, 
in (Lapshin 2010), the term "ontology" first 
appeared in the work of T. Gruber (Gruber 
1991), in which various aspects of the in-
teraction of intellectual systems between 
themselves and with human were consid-
ered. Nowadays, ontology is considered as 
a declarative knowledge description, made 
in a formal language and provided with a 
certain classification of specified knowl-
edge, which allows a human to conven-
iently perceive it (Lapshin 2010). Resource 
Description Framework (RDF) [8] and 
Web Ontology Language (OWL) (Grau et 
al. 2008) are used as the means of describ-
ing ontologies. RDF allows to describe an 
ontology as a set of triplets of the form: 
“subject-property-object”. OWL provides 
great expressive possibilities and at the 
same time ensures formal decidability of 
ontologies, described by it. This provides 
extensive inference capabilities on the on-
tologies described with OWL. 
     The main advantage of using ontology 
as the basis for knowledge storage is the 
description of the subject area in the form 
of a logical theory that includes the con-

cepts of the subject domain and relations. 
The disadvantage of ontologies in infor-
mation-analytical systems is the lower per-
formance of query execution than when 
using relational DBMS. This is cost of the 
expressive possibilities offered by ontolog-
ies and the absence of a "rigid" data scheme. 
     The use of ontologies in information 
systems can be carried out in two ways. The 
first one is using an RDF triple store with 
an ontology loaded into it. In this case, the 
ontology is treated as an RDF document 
consisting of a set of triplets. The RDF 
repository allows to access its content by 
executing SPARQL queries (Kollia et al. 
2011). Another way is to combine an on-
tology with a relational database to provide 
ontology-based database access (ODBA). 
In this scenario, the ontology is a high-
level global schema and provides a diction-
ary that is used to formulate the query in 
terms of the subject domain. Based on the 
specified mapping scheme, this request is 
rewritten into a traditional SQL query and 
passed to the DBMS for execution. Thus, 
the ontology is used to provide access to a 
data source represented by a given database, 
whereas it does not contain data itself. 
     To develop an information support sys-
tem for interdisciplinary research, it was 
decided to use the ODBA approach taking 
into account a predictably large amount of 
data, which would require a good query 
performance. Ontology in this case will 
play the role of semantic representation of 
the information source. 

 
 
Results 
 
Relation database of interdisciplinary research 
 
     The set of the basic information entities 
is presented in Fig. 1. All of them have hi-
erarchical, in fact – recursive, structure. For 
example, an instance of the top level entity 
“researcher (research teams)”, as a rule, is 

some research organization. The organiza-
tion consists of various research units, 
which can also be composite entities. At the 
lower level of the hierarchy of “research-
er” is a researcher-person. Special relations 
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(tables) are introduced into relational struc-
ture for the correct representation of recur-
sive and multiple relationships of concep-
tual level. Therefore, a researcher-person 
should only be associated with the research 
unit of the lower level (e.g. laboratory). 
His belonging to larger research units (e.g. 
department or branch which include labo-
ratory) and, ultimately, to the research or-
ganization will be derived from hierarchi-
cal relations between corresponding units. 
The proposed scheme allows to connect a 
person with several organizations and cor-
rectly to describe temporary research teams. 
A similar principle is also used when rep-
resenting hierarchical relationships between 
entities of other classes. The developed re-
lational structure provides storage of struc-
tured information about the objects of the 
Arctic zone, researchers (research teams) 
who investigate these objects from various 
points of view, research projects, methods 
and results of research.  
     Four levels of administration for the 
maintenance of the database. The first level 
is a system (database) administrator who 
response for the “technical” side of the sys-
tem. 
     The second level is administrator of the 
general data. He manages shared data, in-
cluding user management, form and modify 
database structure (if it is needs), input and 
systematize basic objects of research, regis- 

trants a new research teams  and etc. 
     The next level is administrator of an or-
ganization (research team) data. They res-
ponses for structure and maintenance of 
data about their organization (team). This 
group can grant the rights to the projects 
administrators (which are controlled by the 
organization) or maintenance this projects 
data by themselves.  
     Administrators of the projects are re-
sponsible for maintaining the data about 
"their" projects. They use a common data 
(objects, organizations, funding sources) 
entered into the database by administrators 
of the higher levels and load information 
about concrete projects (subject, methods 
and results of the research) into database. 
     Database users are divided into two cat-
egories: authorized users and guests. Re-
searcher can contribute to the database in-
formation about himself after registration 
in the system approved by the administrator 
a certain level. In this case he is authorized 
user. Guest can use database without regis-
tration. The guest cannot enter the infor-
mation into the database, but can search 
and view data of interest.  
     The test version of the database was 
implemented for Russian-speaking users. 
The main goal of the first implementation 
is a practical test of the efficiency and ef-
fectiveness of the solutions proposed by the 
authors. 

 
 
Implementation of ontology-based database access to the database 
     
     Consider the general structure of the 
developed ontology of the interdisciplinary 
research and its application as component 
of ODBA system. The ontology consists 
of several modules, defined in accordance 
with the level of abstraction of their con-
cepts and the functional purpose of module 
contents. Each module is a file containing 
a separate ontology, described by OWL 
(Fig. 2). The Information Artifact Ontology 

(IAO) [9] is an extension of one of the 
most widespread upper level ontologies - 
the Basic Formal Ontology (BFO) (Grenon 
2003). Elements from BFO are used to de-
scribe abstract objects, processes and events 
that are invariant to subject domains. Ele-
ments of IAO represented processes of 
obtaining information, their participants, as 
well as information sources and information 
carriers. 
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Fig. 2. Module structure of ontology of the interdisciplinary research. 
 
 
At the same time, they not only form a con-
ceptual system, but also define the domain 
knowledge representation methods which 
are correct in accordance to the conception 
of IAO. 
     The main part of the developed ontology 
is a set of Ontology Content Design Pat-
terns (CDP) (Gangemi 2005). Each CDP is 
represented as a mini-ontology and solves 
one ontological modeling problem. The pat-
terns contain concepts and relationships, 
defined in the IAO. The use of CDP is the 
basis of eXtreme Design methodology (XD-
methodology) (Blomqvist et al. 2010, Ma-
solo et al. 2003) for ontology development. 
Segmentation of the ontology into separate 
patterns allows to save its user from ma-
nipulating the entire conceptual system. In 
addition, as the authors of the XD-method-
ology emphasize, this allows to ensure the 
quality of the ontology being developed, 
since each pattern is a proven solution that 
has proved its effectiveness. 

     To apply developed patterns for domain 
concepts representation user chooses a suit-
able CDP and makes its specialization, 
which consists in determining the heirs of 
its elements. Selection is based on a set of 
qualification questions associated with each 
pattern. They are formulated in natural lan-
guage and indicate what information can 
be obtained by using an ontology contain-
ing corresponding pattern. 
     As an example, consider the “Investiga-
tion specification” pattern. The UML dia-
gram of its classes and relations is shown 
in Fig. 3. 
     This pattern allows a user to define parts 
of the research specification: description of 
the objective of the study (Objective speci-
fication), actions (Action specification), ob-
ject (Investigation object specification) and 
subject (Investigation subject specification) 
of the study and the applied method (Study 
design). 

 

 
 
Fig. 3. UML schema of CDP “Investigation Specification”. 
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     For this pattern, the following qualifica-
tion questions were defined:  
 What method is planned to be used to 

study this object? 
 What are the objectives/plan/method of 

research? 
 In what studies was planned to apply 

this method/pursue this goal?  
 
     Next, consider the implementation of 
ODBA using the developed ontology. In 
this case ontology contains only expres-
sions described classes (concepts) and re-
lations between them (Tbox). Expressions 
about concrete instances of classes (Abox) 
are generated from results of execution 
SQL queries. Such generation as well as 
rewriting the initial query is based on map-
ping that determines a correspondence be- 

tween DB schema and Tbox of ontology. 
Thus, the main work in ODBA implemen-
tation is to define a mapping that is per-
formed semiautomatically or manually by 
a knowledge engineer. 
     For each of the developed patterns, DB-
scheme fragment was defined. The mapping 
of ontology elements and data schema was 
performed in accordance with W3C Rec-
ommendation “A Direct Mapping of Rela-
tional Data to RDF” [10]. Fragment of the 
scheme corresponding to the CDP "Investi-
gation specification" is shown on Fig. 4. As 
an implementation of OBDA system, Ontop 
was used (Kontchakov et al. 2014). Key 
features of Ontop are its solid theoretical 
foundations, a virtual approach to OBDA, 
extensive optimizations, and its support for 
all major relational databases. 
 

 

 
 
Fig. 4. DB schema for CDP “Investigation specification”.  
 
   
     For each pattern, a set of mapping rules in Ontop format was developed. Each rule 
corresponds to one database table and includes a target - a set of triplets and a source - 
SQL query, the results of which are used to generate the triplets. For example, consider 
the rule for the “Study design” table, linked by the foreign key with the “Investigation 
specification” table: 
 
mappingId       [study_design] 
target           :study_design-{id} a   obo:study_design;  
           :study_design-{id} obo:is-part-of   :investigation-specification-{is_part}. 
source            select "id", "is_part" from "public"."study_design" 
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     This rule cretate two triplets (“some-
thing” – “is an instance of” – “study_de-
sign”, “something” – “part of” – “study_de-
sign”) from a SQL query. Note that map-
ping is also used by the Ontop system for 
rewriting SPARQL query.  
     An effective way to increase the per-
formance of executing SQL queries is to 
build indexes for DB tables. In case of pat-
terns, it makes sense to create indexes on 
the basis of their qualification questions. It 
is assumed that answers to them will be of 
primary interest to a user. Building indexes 
in this case assumes the formation of a 
SPARQL query corresponding to the quali-
fication question, its rewriting via an ODBA 
system into an SQL query, and an analysis 
the execution plan of the last one. 

     To assess the effectiveness of using in-
dexes built on the base of qualification que-
ries, an experiment was conducted. It in-
cluded estimation of the execution time of 
a series of SPARQL queries using the 
Ontop system over a test set of data before 
and after its indexation. The test suite vol-
ume was 6300000 rows in each of the 
tables that correspond to the “Investigation 
specification” pattern. As the RDBMS, 
PostgreSQL 9.6.3 was used. 
     The series consisted of 20 SPARQL 
queries, corresponding to the previously dis-
cussed qualification question “What meth-
od is planned to be used to study this ob-
ject?”. Prior to indexing, the average execu-
tion time of one query was 1700 ms, after 
indexing - 210 ms. 

 
 
Discussion 
 
     A combination of the database and the 
ontology allows us to present the contents 
of a data source at a conceptual level. Such 
combination will provide a familiar diction-
ary for generating queries for a user. 
     When rewriting the ODBA query, the 
system will perform its logical analysis and 
extension of the final SQL query based on 
the results of the logical deduction. A high 
speed of SQL query execution is provided 
by a relational database. ODBA allows us to 
use several heterogeneous data sources for 
querying when defining mapping schemes. 
This simplifies the horizontal scaling of the 
received information system. 
     A drawback of the proposed approach is 
the presence of some restrictions on expres-
siveness of the ontology description lan-
guage. However, this is a necessary condi-
tion for ODBA systems which ensure an ac-

ceptable complexity of rewriting the origi-
nal query into so-called first order queries 
(FO-queries) (Kontchakov et al. 2014). This 
reduces logical inference capabilities, but it 
doesn't really matter in our case. 
     The used approach of developing the on-
tology of an interdisciplinary research by 
defining separate patterns makes it possi-
ble to simplify its application by the user. 
When using a particular pattern, the user 
operates a limited conceptual system, which 
addresses to one specific task of ontologi-
cal modeling and its results are clearly de-
fined as the set of qualifying questions. The 
use of patterns makes it possible to pro-
vide predictability of queries and makes it 
possible to efficiently index the database 
tables. The conducted experiments showed 
that indexing significantly improves the 
speed of such requests. 
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