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Abstract: Traditionally, data views are seen as static, syntacyjicalirect, data sets. The semantics of the data is not etpkcicoded
in Relational Databases (RDB) but implicitly on the apgiicas. However, the needs to create context-aware browsitfods in
changing scenarios are demanding more flexible mechanizas views need to be semantically enriched for capturiagehl world
changes. In this paper, we evaluate the definition of a cdanakgata model for the automatic ontology-based buildihdada views.
Our tests show that our approach increases the flexibilitgfofmation systems while decreases their maintenands.cos
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1 Introduction this context, Chen et al. demonstrated the usability of
. o ) flexible, multiple views-based system to support
The corporate environment is increasingly dependent onyareness for cooperative desigh. [Nevertheless, they
the speed and accuracy of information retrieva). [ 4 not tackle the problem that raises in complex scenarios
Reliable and up-to-date data, along with the necessaryecayse of the intractability of the implicit semantics.
knowledge needed to interpret it, are probably the most : . .
By making the semantics of RDB explicit, we propose

important r r in thi nar. . ) :
portant resources s scenariog, 3 o reduce maintenance costs and to increase the flexibility

Operational data retrieval has a key role in corporatet ¢ data retrieving in information svstems. Since Resource
information systems as they act as an interface to data an a retrieving in | : yStems. Sin Ul
escription Language (RDF) makes it possible to define

information. In this context, classical database olesigr&he meaning of data in a machine readable fob &
strategies, based on the a priori definition of data views to 9 X ; ’
seems that the semantic web technologies could be

be finally integrated in the design of the global databases . : .
are not appropriate for the design needs of modern, highl)F]e”DfUI in the alignment of RDB towards the semantic

dynamic information system@d]. dimension of data Yiews manageabiIiFy. _

An efficient system for retrieving information mustbe A lot of attention has been paid to the semantic
flexible, being able to adapt to changes in the information€nrichment of data stored in RDB,[7]. The evolution of
system life cycle2,3,4]. New operational data, new data RDF into Web Ontology Language (OWL) allows a richer
analysis and changing the understanding of data aréemantic description based on Description Log. [
common, and naturally accepted, as well as the fallibility OWL is a formal language for representing ontologies in
of knowledge is {]. However, adapting information the Semantic Web8]. This language has been used in
Systems to Changing environments genera”y requires a |d@’1any SpeCIf!C scenarios for the construction of flexible
of manual effort 2, 3]. data semantic model§,[10,11].

The recoding of traditional information systems is Interest in mapping relational data to RDF is
required when the interpretation of data chandgsIp increasing for the purpose of publishing linked d&td] [
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In this direction, SPARQL is the World Wide Web explicit in context. However, the implicit relevance of the
Consortium (W3C) recommended query language forkind of data stored in the RDB keeps hidden to the
information retrieving from RDF documents. In the software. The importance of the context-awareness in the
semantic web vision, SPARQL is considered theapplication layer of view-based initiatives is mentioned
theoretical equivalent to SQL in relational databadd$.[ by Hong et al. in their survey of context-aware systems
However, as Hert et al. did in 201Q3], we consider that [15] and, more recently, by Namiot et all§]. Later on,
converting relational data to RDF is often not feasible.  Bolchini et al. have proposed CARVE, a methodology for
The semantics of data is not explicit in RDB. Then, context-aware view definitior?]. CARVE is based on a
we propose not to transform databases into semanticallgontext model, on guidelines to define partial views and
aware data but to define an ontology-driven descriptiveon a set of operators for view composition in context.
programming method for data retrieving. In this paper, weThis methodology means an step forward in flexible data
formally define the semantic structure of generic dataviews generation but the linkage between context-aware
views. Our design is based on the description of thedata view definition and the view-based semantic formal
relationships of the data viewg with the set of data definition is not well addressed in the literature until now.
columnsD;, such that our aim is to define a conceptual
data model not in the syntactic but in the semantic
dimension of data.
Thus, when updating the understanding of the domain2.2 Ontology-Based RDB Schemas
of discourse there is no need to recode the data retrieving

procedures but to transform the semantic representation , .
of retrievable data. As a consequence, the automatid "ansforming the vast amount of data, currently residing
generation of data views is achievable and data ard" Relational Databases, into semantically aware data

actually charted taking into account the relevance and th&ructures has been previously identified as a necessity [
actual meaning of data. 7,8,9,17,18,19]. Ontology-based RDB schemas have

We have constructed a functional prototype of the been proposed for specific scenarié} §nd distributed

data views generator for evaluating capabilities of data€nvironments{,8,20]. _ _
data model' Our Comparison W|th a traditiona' for enhan(ﬂng relatlonal da'[f:lbasels. The|r pr0p05a| was
implementation of Relational Database Managemen®ased in structuring and manipulation tools that take more
Systems (RDBMS) shows that our approach could bedqmam mformatyon into account and' prqwde the user
beneficial for data retrieving in information systems whenWith an appropriate level of abstraction in the studied
an accurate semantic description of the RDB exists. scenario 21]. Nevertheless, the applicability of their tools
The paper is organized as follows. First, the relatedWas restricted to the area of immunogenetics. Almost
work is briefly reviewed. In sectioB, we explain how our ~twenty years later, Sun and Fan recalled that the semantic
method works and in the next section we formally define€xtraction is essential for the semantic interoperabiity
our conceptual data model for describing the semantics ofulti-enterprise business collaboration and they progose
data views. In sectio, we analyze usability issues of & method for acquiring semantics from heterogeneous
information gathering in the implementation of a data schemas7]. Sun and Fan proposed a unified
prototype. A scenario of proof and validation of the Syntax-independent conceptual model that showed to be
proposal is described, as well. The discussion of result&xtensible and flexible in multi-enterprise business
focuses on data retrieving using our approach and thé&ollaboration environments7]. Further, Guido and
traditional SQL-based report generation using RDBMS Paiano proposed to take the integration of information
tools. Finally, conclusions and future work are analyzedSystems as a whole to a semantic dimensih [
in section6. More recently, Song et al. proposed SIL (a Semantic
Information Layer) as mediation media among
heterogeneous database systen®).[ A dynamic
2 Related Work multi-strategies_ ontology alignme.nt. with automa'gic
matcher selection and dynamic similarity aggregation
. ) allowed them mapping data sources for retrieving
2.1 View-Based Semantic Browsing distributed data. All these have been important
contributions in data retrieving. However, these studies
Defining and using views in information seeking tasks hasare not focused on the semantic enrichment of RDB data
been the focus of several researchers. Dichev and Dichewdews but on overcoming the gap of conceptual
proposed a view-based semantic search and browsingeterogeneity. To our knowledge, the semantic web
model [L4]. Their proposal is based on the semantic technologies have not been widely used in the generation
description of views derived from user tasks or goals. Theof data views and it seems there is no consensus yet on
customization of the user interface for retrieving datahow to fully take RDB into the semantic dimension of
improves since information about the user profile is madedata management.
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2.3 RDB Semantic Mapping 2.4 Description Logic

Description Logic (DL) is defined as a family of

M ing | d h | formalisms for knowledge representation. Relevant
any mapping languages and approaches were explore ncepts, for an specific knowledge domain, are defined

leading to the ongoing standardization effort of the W3C . . e . .
carried out in the RDB2RDF Working Groupl(]. Zgg iwci\r)iéjj:lg éré]declarlng specific properties of objects

RDOTE is a sound proposal for the automatic and custom
mapping and transportation of data residing in RDB 'moand roles A conceptis a description gathering the

RDF [19. common properties among a collection of individuals;
Agus et al. incorporatedconcept hierarchyas  from a logical point of view, it is a unary predicate.
background knowledge for the OWL ontologies Inter-relationships between these individuals are
extraction on top of RDBY]. The RDB20WL language represented by means of roles (which are interpreted as

[10] reuses the OWL ontology structure as a backbone fominary relations).

mapping specification by placing the database link A knowledge base, in this context, is a finite Seof
information into the annotations of ontology classes andterminological axioms (often called T-Box) and a set of
properties. assertional axioms or assertions (often called A-Box). A

Hert et al. have worked in updating data stored in DL system is characterized by four aspe@§|{

RDB from the semantic dimension of data management. 1 The set of constructs constituting the language used for
They emphasized in the importance of formalizing a  1jiding theconcept expressioradrole expressions
semantics-based RDB management towards flexibility  The kind of assertions allowed in the T-Box (assertions
[13. Wu et al. have been working in semantic query, g concepts).

search and navigation services by dynamically mapping 3 The kind of assertions allowed in the A-Box
SPARQL queries to SQL queries. Their proposal (assertions on individuals).

considers using a concepts-ranking mechanism to provide 4 The inference mechanisms provided for reasoning on
more accurate and reliable search results for the USErs the knowledge bases expressible in the system.

[18]. More recently, Aufaure et al.2f3] propose using ) o

continuous queries, data summarization and matching for OWL was designed such that it is able to encode
working with data semantics in data retrieving processesdatabase schemas expressed in the most interesting
The authors emphasize the importance of context andemantic Data Models and Object-Oriented Data Models
techniques they propose to integrate have been broadl8:20. OWL was used as the basic representation
used in semantic web initiative$3, 22, 20]. Nevertheless, language of the terminology we defined.

the lack of an experimental evaluation of results makes

arguable the business intelligence inspiration of their

proposal. 3 Outline of Method

In general, we consider that 1) RDB mapping into the
semantic web should not be syntactically limited to
one-to-one relations between database tables an
ontology concepts and that 2) the implicit semantics
enrichment of RDB should be taken into account and
made explicit. Further, the translation of SPARQL queries
into SQL is far from trivial when the use of grouping or
mathematic functions is needed to calculate actual value
for data fields defined in the logical design of RDHL].

The basic types of @oncept languagare concepts

The motivation behind our work is to support data
Hatrieving procedures in terms of the semantics (meaning)
of data views. Our work is inspired on the design of
ontologies for OLAP data integration, previously
developed by one of the authors (Nummenmaa) with
Niemi et al. B]. In previous work, we published partial
gesults in the definition of ViewOnto, an ontology for the
semantic description of data viewa7][28]. In this paper,
S we now formalize the conceptual data model behind the
This Illmltatlon' could be related to the fact that design of ViewOnto and we analyze the results of the
mathemgmc funct_|ons and aggregates have not beefssessment of the model usability  through
actually included in the SPARQL language until a few experimentation.
months ago24. Anyway, two independent studies have " The framework which supports the implementation of
shown that RDB to RDF mapping systems executingine model we propose is structured in three layers with
SPARQL on relational databases are several orders Ofjgerent levels of abstraction. The top layer is defined as
magnitude slower than executing the semanticallya terminologys which is used for describing data views
equivalent SQL query directly on the RDBM34. of relational databases. This terminology is stored as the
Instead of migrating available legacy data in relational T-Box of the OWL-encoded ontology that we call
database into ontologies, it seems an option to keep usingiewOnto The middle layer is structured as one A-B@x
SQL for what it has proved to be good at and to explicitly for each RDB which is used in the information recovery
link concepts from the semantic dimension of dataprocessesf; instantiates the formal semantic schema in
manageability to relational databases. an specific context i. Lastly, instances of data items (the

(@© 2016 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

1334 NS 2 F. Fernandez et al. : A conceptual data model for ...

actual data) are retrieved from RDB in the bottom layer Y.
A set of web services in Y interpret the mapping of the
semantics, formally declared i, to the actual data of a 1:m . 4

specific Bi These web services provide data to an
automatically generated user interface for browsing data Country

and for generating and exporting data reports. Figure
illustrates how these three layers interact among eact i '
other in the case of World trade data (RDEade.

Continent

m 1n

Product

n:1

) n:1
Main-Group Sub-Group

ViewOnto TBox

%

filteredBy

Fig. 2: RDB Model of worldtrade data

4 Modeling the Semantics of Data Views

ViewOnto ABox
for RDB Trade

In this section, we introduce a conceptual model for
representing the semantics of data views. A formal
schema is used to describe abstract properties of data
views, their data items, and semantically enriched
Fig. L: Interaction among layers of the framework in the case of félationships among data items and relationships among
the RDBTrade data views.

data of RDB Trade

World trade data is used to illustrate our method. This4 1 Basic Modeling Language
data contain auto-generated import/export figures.
Figure2 shows the Syntactic RDB Schema. The example _ . . .
aims to demonstrate the different relationships among th&-€t Us first introduce the notational conventions used in
semantic and syntactic layers of language formalized withh€ definitions. Letters,, B are used aatomic concepts
ViewOnto The implementation of a prototype for the andC, D for concept descriptiong-or roles we use the
defined ontology-based procedure to retrieve informatiod€tt€rs R S In concrete examples of our study case,

was tested using this data. Results are analyzed in sectidfP"CEPt namestart with an uppercase letter followed by
5, lowercase letters (e.gview, Datalten), role names start

In our example, the data items stored in the rpB With a lowercase lettere(g., relatedTp and individual

characterize products, importers, exporters and trade@@mes are all uppercased., TRADE, EXPORTER

among them. As a whole, our data gathering procedure, /AN intérpretatior consists of a non-empty sét (the
works as follows: domain of the interpretation and an interpretation

) i i . function, which assigns to eveatomic concept A set
1.Row data is available in the RDB through specific SQL oAl - Al and to every atomic rolR a binary relatiorR' C
queries. o . . A' x A' [26]. In the case oflatatype propertiegroles that
2.A conceptual definition of the data views is made take values in the domain of datatypes likéeger, string)
explicit by defining the corresponding asserting gl - Al « AIID [26], where D represents a specific
axioms in a specific A-Box ofiewOnto dataﬁype
3.A generic application renders the appropriate user gyniax and semantics of these axioms can be found in
interface  for browsing, filtering and charting T4pje1. An interpretatior is called a model of an axiom
information. Rendering process takes into account thet j; satisfies the statement in the last column of the table.
semantics of data views and its mapping into  Ap equality whose left-hand side is atomic concept
syntactically correct SQL sentences. (role) is calledconcept(role) definition A set of axioms
The interaction among the layers of the framework of the formR C Swhere bothR andS are atomic is called
replicates seamlessly when working with more than onerole hierarchy Such a hierarchy obviously imposes
database. Our prototype is a generic implementation ofestrictions on the interpretation of roles. Axioms of the
the user interface for data retrieving. Its implementaigon form C C D for a complex descriptio@ are often called
described in sectioh. general inclusion axioms
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Table 1: Terminological and assertional axioms View V, Identifier I, Descriptor D Dataltem $
Name Syntax | Semantics Rela.tionship RandFilter F are the basic concepts of the
Conceptinclusion| CCD | C'C D' terminologyy .

Role inclusion RCS RCS R,RsER )
Concept equality | C=D | C' =D Both, the relationships among viewsRj and the
Role equality R=S R=S8 relationships among data itemRg) are sub-concepts of
Concept assertior] C(a) aeC the generic relationshigRj.

Role assertion R(a,b) | (@,b)eR

S5, 9, SES 3)

Semantic datatypes include the conceptteDataltem

Sy NumberDataltem § ImageDataltem $

With respect to the formal apparatus, we strictly BooleanDataltem S and StringDataltem § All these

follow the concept language formalism accepted by thedata items are sub-concepts of data ited). (The
DL community 6. A list of the DL concept appropriateDataltemis decidable by the corresponding

constructors used in our approach is shown in Table  field type in the syntactic layer. By instantiating these
concepts, a more accurate behavior is automatically

achievable in the user interface of the data view generator
(see section 5).
Table 2: DL Concept constructors g .
Name (syntax) Semantics FPCF:1<d<mil1<i<n (4)

Top (T A . .
Bc())rt)t(()m)u) > There aren different valid filters for each of them

It tonCrD, T oD supported datatypes of the filteredata items For
ntersectior( ) instanceJessThangreaterThanequalToare validfilters

i I I
3;;?2 (Curzémction c{:aLeJ% Vb.(ab) cR S bcC'} for numeric type data items Meanwhile, startsWith
(YRC) " contains, endsWith are valifilters for string type data
Existential {acA"3b.(a,b) cR AbeCT} items.
guantification -
(3RC) A2. Concept Equality:
Exact number| {ac AT|{bc AT|(a,b) e R'}|=n}

restriction(=nR) VIOSORMODMOINMF = L (5)

Concepts/, S, R, D, |, Fare disjoint sets.
SNSNSNSNS =1 (6)

Conceptssy, S, S, S, S are disjoint sets.

4.2 Encoding the Semantics of RDB Data Views A3. Concept Definition:

It is shown how the T-Box o¥/iewOntocan be expressed V== 1litlen
in the formal logic of OWL. ViewOnto provides a = ImappedTaVisldentifiedByl M
trﬁrerpr:gglogy to be used by a general data retrieving _ lisidentifiedByr1 visDescribedByp 1 (7)

In the following, we formally define the translation of VisRelatedByR,
the description of RDB data views to the formal logic of

an OWL knowledge base. A View V is defined as the concept with one (and only

one) title, mappedToand isldentifiedBy roles. V is
Definition 1: Translation. identified by andentifier I. FurtherV may be related (or
LetV be the data views of an information system andnot) with one or moreDescriptors Dand Relationships
let D be the set of data items in those data views.betweenViews R by instantiating thésDescribedByand
Translation is defined as the mapping\ofandD into a  isRelatedByoles, respectively.
terminologyy for describingV, D, and the relationships ) ) o
V x D andD x D. | == ltitle MVisldentifiedBySm
The axioms defining are grouped in four categories: = lisldentified By (8)
= lisAlternativerVisRelated ByRp
Al. Concept Hierarchy:
A semanticldentifieris defined as the conceptvith one
V,D,I,SRFCT (1) (and only one) instance of the roléde, identifiedByand

(@© 2016 NSP
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isAlternative Further, a conceptmay instantiate the role The declaration of the data type determines a set of
isRelatedBy(or not) in the range of instances B. All filters applicable for thelata item Thus, the declaration
instances ofdentifiedByandisRelatedByoles that apply  of valid filters in the definition of &ataltemadds a more

to | take values in the range of the set of instances of theestrictive condition for filtering over the match between

conceptsSandRp, respectively. the semantic and syntactic level of language.
D = = 1title MvdescribedBy5m A4. General Inclusion:
= ldescribedBy5 9 Corresponding roles are properly restricted with
= lisAlternativer VisRelated ByRp proper datatypes.
A Descriptor is defined as the concepb, which T C vtitle.string (15)

instantiates once (and only once) the roléle,  The roletitle identifies concepts with astring expression
describedByndisAlternative The rolesdescribedBynd iy natural language.

isRelatedByonly take value in the range & and Rp

instances, respectively. All these restrictions are T C VmappedTastring (16)
mandatory in @&escriptor. T C VisAlternativeboolean a7)
S=— 1title M T C VfieldNamestring (18)

= 1fieldNamerVisFiltered ByF (10) T E VjoinCondstring (19)

T C VsqlCondstring (20)

A Dataltem defined as the conce® instantiates once
(and only once) the rolestle and fieldname Further,S  The rolesglCondsets the sentence in the SQL syntax
may instantiate (or not) the roldsFilteredBy If corresponding to the “WHERE” condition used in the
instantiated, one or more declarations isFilteredBy  information recovery processes.

apply toSbut it is mandatory for all of them to be in the

; i ! T C VclientFiltering.bool 21
range of the instances of the concEjiter (defined below L velientFilteringboolean (21)
in axiom14). When to filter in the client side or the server side of the
, . application is decided by setting the value of the role
R == 1title M= 1joinCond (11) clientFiltering.

The implications of the defined terminology for the

A Relationshipis a conceptR, characterized by one . ; ) .
automatic generation of data views are analyzed in

instance (and only one) of the rolgge andjoinCond As

a generic relationship iry, R establishes a semantic section 5.
liason among other concepts.
R, C Vrelated ToV = lrelated To (12) 4.3 Describing Views of the RDB Trade

The conceptinterViewRel (R) refers to a relationship We have given a general/abstract formalization of our
among two different data view andV; : i # j. EveryR, conceptual data model. The semantic terminology of the
is a relationshigR (axiom?2). The rolerelatedTolinks the ~ data views of a particular RDB is created by instantiating
relationship R (associated t&; by the roleisRelatedBy  ViewOntoin an specific scenario. This is shown in this
to a different View V,. R, may instantiate the role section through the formal description of the A-Box for
relatedTo (or not) as many times as necessary.theTradestudy case, partially shown below:
Meanwhile, there is only one instance of the role P
relatedToin the definition of an instance ¢,. Concept Assertions:

V(TRADE).

Rp C= 1relatedTorvrelatedTo(l LU D) (13)  V(EXPORTER).

. . [(TRADEID).
The concept InterDataRel (Rp) is defined as the D(TRADEVALUE).

relationship (see axior®) of oneldentifier or Descriptor

A with a differentldentifier or Descriptor B One (and BEFI\/IRISA\ODIE'I?EORUN'\}ATI\BIE)
only one) instance of the rolelatedTodefinesRp and D(EXPORTERNAME).
this role takes value in the range of the set of the conceptgn(TRADEm s).
Identifier or Descriptor. The concepA referencedp by &(TRADEVA_LUE_S).

means of the rolesRelatedBysee axion8). S(TRADECOUNTS).
F = 1title 1 = 1sglCondr = IclientFiltering  (14) S(IMPORTERS).
S(EXPORTERS).

A Filter is a concepF with one (and only one) instance of R/(T_E).
the roleditle, sqlCondandclientFiltering. F is defined for  Rp(TV_TC).
setting which are valid filters for data items.
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Role Assertions:

titte(TRADE,“OFFICIAL TRADE").
isldentifiedBYyTRADE, TRADEID).
identifiedByTRADEID,TRADEID_S).
describedBfMPORTERNAME, IMPORTERS).
describedBEXPORTERNAME, EXPORTERES).
describedB{TRADEVALUE, TRADEVALUE _S).

describedBfTRADECOUNT, TRADECOUNTS).

title(TRADEID_S, “Identifier”).
title(IMPORTERS, “Imported by”).
title(TRADEID_S, “Id").
title(TRADEVALUED _S,"Amount”).
isDescribedB§TRADE, IMPORTERNAME).
isDescribedB{TRADE, EXPORTERNAME).
isDescribedB{TRADE, TRADEVALUED).
isDescribedBTRADE, TRADECOUNTD).
isRelatedB{TRADE,T_E).
isRelatedB{TRADEVALUED, TV_TC).
relatedTqT_E,EXPORTER).
relatedT@TV_TC, TRADECOUNT).
isAlternativé TRADEVALUE false).
isAlternativé TRADECOUNT, true).

By classification of these concepblg) assertions of

considered @escriptorin the View TRADE (more than
one table are related to thdew). Likewise, the table
exporteris related to thé/iew EXPORTER as well. The
definition of the A-Box of ViewOnto for an specific
scenario is easily updated by making changes to the
corresponding OWL file.

No prescriptive programming but the update of the
corresponding instance afiewOntois required in order
to adaptViewOntebased data retrieval tools to changing
scenarios and to keep using these tools with different
RDBs. The scope of possible changes includesw
operational data new data analysisand changing the
understanding of dataBelow, the scope of the possible
changes is discussed, giving examples in the context of
the study case.

New operational dataThe domain of discourse is
extended by defining newiewsand/or newDescriptors
of existingviews The process involves 1) the definition of
new Descriptors data itemsthe corresponding semantic
relationshipsandfilters and 2) the re-definition of the role
mappedTaof involved views (the liaison of the semantic
description of data with the SQL syntax). Alternatively,
the rolemappedTamay point out to a web service that
encapsulates the syntactic access to the actual data. This
way, any data access optimizing tools -like making use of

the A-Box into the T-Box, an automatic inference processstored procedures_ may be transparenﬂy used.

is able to determine that:

1.The View TRADE is identified by theldentifier

TRADEID.

2.TRADE is described by the Descriptors
EXPORTERNAME,

IMPORTERNAME,
TRADECOUNT and TRADEVALUE.

For instance, theview TRADE in our study case
retrieves information about trades per exporters. For
doing so, the rolenappingTautilizes a grouping function
and it defines a calculated field for totalizing the amount
of money that any exporter receives. If including the
number of trade operations is considered useful for data

3 TRADEVAL UE is considered fundamental data in the analysis, the user needs to update the corresponding role

interpretation of TRADE as a View but
TRADECOUNT is not (because of the true/false

value of the role isAlternative).

4.When analyzing theView TRADE, the View
EXPORTER pops up as containing potentially
relevant information. In the same way, the correlation
among figures of th®escriptor TRADEVALUE and
the Descriptor TRADECOUNT is understood as

significant for decision making.

mappedTo of the view TRADE and to define the
correspondingdescriptor, data itemand the applicable
filters andRelationship®f the newDescriptorwith other
Descriptorsin the scenario. Alternatively, by having the
accurate definition of the necessarpescriptors
hiding/showing any of them only requires to set the role
isAlternativeto the proper value.

New data analysidf the reinterpretation of a specific
View is possible from a different point of view, it makes
sense to assess the definition of each of the possible

Each View becomes into a unique instance in interpretations as a differenview. The definition of any

ViewOnto However, this instance is determined (in the of the Viewsin this case requires similar effort. The steps

syntactic layer) by combining one or more field names,to follow are like those described in the case refw

grouping functions and calculated fields frantables in  operational data

SQL syntax. l.e.tradeValueDand tradeCountmight be Further, custonfilters may be defined taking into

calculated by using the SQL functiosan{() andcouny), account the nature of the operational data. For instance, a

respectively (to be specified in the raleappedTwf the  custom filtercould be defined for filtering exporters per

ViewTRADE). region (by using the data of the continent that they belong
Actual data of aview Vis seen in a tabular data report. to). This filter could be used for classification. By

Mathematically, it means the matrix derived from a set of defining thiscustom filtey clusters of exporters’ data may

n rows of data (filtered or not) in one or more of the  be generated as new, usefigws

semantically relevant data items identifying and desogbi Changing the understanding of datBepending on

V. the interpretation of data, it could be necessary to create
In general, on&iewmay be related with one or more new Views Descriptors Filters, Relationhipsbetween

tables, and viceversa. l.e., the name of exporters id/iews and Relationhips between Descriptors In a
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different scenario, some of the definitions may be A-Boxwere covering the real needs of potential users. It
deprecated as well. Further, the labels that identify themmeans that even when the ontology they used was not of
may change. For instance, every value that the tidle  their own design, they were able to successfully retrieve
takes in the instance &fiewOntocould be translated into  pertinent data views.
another language. This way, the usability of the retrieved  95% of the students proposed minor changes to the
data for users that speak the alternative language will belata views (mainly changes in the set of values of the role
substantially increased. title), corroborating that it is common to find different
interpretations of the reality. Meanwhile, 31% of the
students proposed major changes (i.e., deleting/creating
5 Model's Experimental Assessment new data views). All major changes were feasible by
transforming the ontology into &ustom A-Box The
A prototype was built in order to evaluate the feasibility of successful adaptability ofiewOntowas considered as
the proposed model. The implementation basically followspartial validation of its flexibility and facility of
these steps: maintenance.

1.An A-Box matchingviewOntcs T-Box is loaded into __'Next, we discuss the targeted application domain.
the prototype. Figure 3 illustrates the matching of data into thaew

2.The value of the rolétle for everyViewinstance in the .TR'AI‘DE fordthe study case. -Lhe userr] interface of the
A-Box is rendered as a hotspot in the interface. Every!MP'émented prototype combines three aspects, as

. . : . depicted by the squared hints: 1) “Official Trade”, the role

3_r}%fp%2?2&%%%?53;05 eg; [iﬁlentdtgtlgf?;rggl\tgr;. title of the \AeWTRADE, heads the user interface, 2) the
processes in order to request actual data from th alue of the roletitle .Of each Des_crlptor of the View
RDB. The user interface is rearranged and the RADE (with the roleisAlternativein false) heads each

retrieved data are shown. column of the tabular data report, and 3) each row

4.The user makes use of related views, related data item€ONt@ins the actual data comming from the RDEde

and defined filters for expanding the search spectrum.

The users of the application start retrieving data after

loading a copy of an A-Box, preferably created by an OFFICIAL TRADE
Information Engineer with a sound knowledge on the

design of the operational database been used. This A-Bos

is what we call:main A-Box Later on, users customize o Exported by Amount
the semantic description of theewsbased on their own Copextel ] Intel 10400
experience and preferences retrieving data. Changes ar 3 -

saved in what we call austom A-BoxContradictions in Desoft Haier 62000

the interpretation of data may turn up. As a shared and
computationally treatable language is used, a simple
inference process might assist in detecting such Fig. 3: ViewTRADE in the user interface of the prototype
contradictions. Off-line inferencing for supporting the
update process afiewOntoseems to be a natural line of
future work. Data retrieving and browsing is context-aware. When
In a first experiment, 35 PhD students were asked tca user hovers over a data item value and activates the
propose themain A-Boxto be used for retrieving data contextual menu two different options appear in the user
from the RDBTrade We corroborated that there were not view, as shown in Figurd. The user then may ask for
two A-Boxproposals that were actually the same amongrelated data and the user may filter the data in the tabular
those elaborated by the students. Nevertheles#-B8x  data report.
proposals were actually correct, as they required no Figure4 illustrates the steps for browsing data (from
changes in order to be used for retrieving data views. DUeTRADE to EXPORTER and then to PRODUCT) while
to this result, it seems that different accuratethe user goes asking for related data. Data are charted in
interpretations of reality may actually coexist while terms of fundamentalDescriptors (with the role
working with a common scenario. isAlternativein “false’) in the interpretation of the related
In a second phase of the experiment, every studenYViews It is important to note that not only relat&flews
was assigned with oneA-Box of those that were but relatedDescriptors are available when activating the
previously proposed asnain A-Box None of them related tocontextual submenuDescriptorsnot shown by
received the ontology proposed by him/her-self. Then,default in the tabular data report are marked with the role
these students were requested to evaluate the daiaAlternativein “true’. This is the case of th®escriptor
retrieving capabilities of the prototype. labeled “Trade Count” (because of the value of its role
69% of the students considered that the data viewgitle), related to theDescriptor TradeValuef the View
automatically generated after loading the correspondingrRADE.
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sets the ' | acc Tha

Filtered By - firsshald 63500 <« Less Than
value for 2. The user

Products filtering. E chooses the

filter to be
Product Name applied

user asks
for related
products

HDD 4000
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Fig. 4: Semantic navigation in data retrieving

] ) < Data views

t\L_()

Usar User Interface Layer

Figure 5 shows the steps for filtering data in the
tabular data report of the user view while using the A-Box
for the RDB Trade The options of the contextual menu
are automatically generated based on the definec

isFilteredBy relationships with classeBilter defined in e
ViewOnto Retrieving ViewOnto TBox
. . . Processes

Querying an RDF document is considerably slower

than using SQL statements to gather information from a Data Recovery Layer

RDB, as proved on experimentatiogy. In our case,

ViewOntois not populated but used as semantic schema | |

for deciding which SQL statement to execute. This way, x

the efficiency of dgta'retrlevmg is Qot affected. | - p—— ABOXI
The data retrieving process is located as close as .

possible to the data source. Then, data items are Persistence: | ayee

transmitted through the network to the client's user
interface, where they are properly displayed. An overview
of the software architecture of the prototype
implementation is shown in figui@

A second experiment was designed in order to
compare the data retrieving process using our proposal
against using a traditional RDBMS. A group of 256
undergraduate students of Software Engineering2 GB RAM and enough hard drive space was assigned to
participated in the evaluation. All chosen students haveevery student. Each student received the code of a
experience in database design and RDBMSRDBMS implemented in Java and oWiewOntebased
implementation in Java. A computer with an i3 processor,data retrieving prototype, both of them working with the

Fig. 6: Prototype software architecture
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RDB Trade For changes in the Java application, theyviews using one or another method should retrieve the
used the IDE Eclipse. same data.

Each of the students received the same assignment of Table3 and table4 illustrate the mean value dfime
ten data retrieving operations to be implemented, withconsumptionfor each task and its standard deviation.
different complexity in the required SQL syntax and Values are expressed in seconds. Variablesind r
different complexity in the semantics of data. The correspond to the result obtained by students in their first
percentage of operations requiring changes in theattempt to solve tasks usinyiewOnto and RDBS
encoding of the semantics is related with the expressivéespectively. Variables’ andr’ are the same variables
power of ViewOnto Minor changes are related to label andr but during the execution of the experiment in its
changes and setting on pre-defined filters and/osecond phase.
relationships among concepts. Major changes involve the As deducible from the tabular data, the students
extension of concepts into new ones for which SQL obtained the solution faster when using our approach in
expressions are required in order to retrieve actual dat®0% of cases in both phases of the experiment. Making
from the database. Since a well designAdeBox is an analysis offTime consumptionwe conclude that the
expected to be defined asain A-Box it is presumable computing capabilities required for making use of our
that less than a half of different retrieving services will software prototype to changing environments are
require actual changes in the ontology. As a matter ofirrelevant compared to those required when extensions to
fact, in the previous experiment updates to the ontologyiDE Eclipse were used to update the equivalent data
were proposed only in 31% of all cases. The list of tasksreport and/or user interface. The performance of the
was reviewed by three information retrieval specialists insoftware prototype highlights the relevance of the chosen
order to validate their relevance in context. Next, there issoftware architecture (100% JavaScript).
the list of tasks involved in the experiment:

l.Include the trade value of sales per pair of . ; ;
exporter/importer in th&iew“OFFICIAL TlgADIE”. Table 3: Experiment resuits in phase one
2.Delete the column “count of trades” per pair of Task| v [o(v) | r [ o)
exporter/importer in th&iew“OFFICIAL TRADE". T1 | 75 8 92 | 18
3.Filter data retrieved in théiew“OFFICIAL TRADE” T2 | 58 | 22 75 4
for an specific exporter. T3 | 44 7 83 | 10
4 Retrieve detailed data of the previously specified T4 | 44 | 16 | 122| 12
exporter. T5 | 49 | 16 | 135| 8
5.Retrieve the products exported by this exporter. T6 | 43 | 10 | 41 2
6.Filter the list of trades for total amount of sales greater T7 | 403 | 35 | 420| 32
than a specified value. T8 | 445 | 24 [ 905| 49
7.Define an alternativiiew “Trade Stats per Year” for T9 [ 394 42 | 574| 32
counting trades of each importer per year. T10 | 51 9 70 8

8.Define “Trades with” as the relationship of every
exporter with those importers to whom that importer
has had a trading relationship.

9.Allow filtering the View resulting on activating the
RelationshigTrades with” for those exporters from a

specific country. Table 4: Experiment results in phase two
10.Filter the data view “Trade Stats per Year” for a

specific year or later. P Task | V | o(V) | ' | o(r)

T1 74 4 72 15

All students were instructed in how to use the two T2 | 56 4 /1 5
alternatives under evaluation for completing their task 12 j‘; g 16;’4 194
assignments. In a first phase of the experiment, half of the TE 27 = 119 5
students were asked to complete tasks by making use of T6 a1 > 22 >
the RDBMS report generation capabilities and the other T T394 T 29 3611 30
half of the students were required to complete their T8 Ta25 T 23 82 47
assignments by making use of the prototype of our 9 386 39 545 35
approach. In a second phase of the experiment, all 10 1 &1 5 =0 =

students were asked to get all tasks solved again but using
the alternative softwardime consumptiowas computed

for each task / each student. The amount of computing
resources used in each case was computed as well. It was It seems that costs of maintaining and keeping up to
a requirement for the students that the resulting datalate the data model decrease. The experiment results
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