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ABSTRACT

Ontologies improve IR systems regarding its reaiewand
presentation of information, which make the task fiofding

information more effective, efficient, and interiget In this paper
we argue that ontologies also greatly improve thgreering of
such systems. We created a framework that usefogmitto drive
the process of engineering an IR system. We deeélop
prototype that shows how a domain specialist withaowledge
in the IR field can build an IR system with inteiiae

components. The resulting system provides supportiers not
only to find their information needs but also tdend their state
of knowledge. This way, our approach to ontologgtdad

information retrieval addresses both the engingeraspect
described here and also the usability aspect destelsewhere.

Keywords
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Retrieval System Design.

1. INTRODUCTION

Ontology is a representation vocabulary that cheraes the
knowledge of a domain [1]. Ontologies have beenduise a

variety of areas as a support for creating morelligent systems
[2]. According to Chandrasekaran et al. [3], “IRs®ms, digital
libraries, and Internet search engines need dowgiologies to
organize information and direct the search protdsformation

systems are taking advantage of ontologies to parfand

enhance a broad range of tasks (e.g., knowledgactixin and
retrieval). Nevertheless, the use of ontologiesiineering a
system is less well researched. This is the aspegpgested by
Guarino [4] when he introduced the concept of adggldriven

information systems. In this paper we describeattvhitecture of
Hermeneus, which is a framework to build IR systethat

addresses how ontologies support the engineerinbeofystem.
Hermeneus uses ontology to drive the process atingean IR
system. We describe the implemented prototypesthatvs how a
domain specialist, without knowledge in the IRdietan build an
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IR system with interactive components.

Hermeneuscontains four modules responsible for indexing and
retrieving ontology instances, inferring additionaformation,
and presenting visual components that allow ugenstéract with
the system. Because we index ontology instanceteadsof
information without context, users can formulatmastic queries
(e.g., ‘author: Fonsec§ using concepts defined in the ontology.
The ontology, which is graphically available, aéstables users to
change modes of visualization of the result set.,(ivisualize
retrieved instances grouped by any concept defimedhe
ontology). As our approach retrieves instances, (semantic
content), users can refine their searches usingepief retrieved
content dynamically. For instance, when gettingresight while
browsing a retrieved instance, a user can clickheninstance to
refine the search automatically. Furthermore, bseauhe
ontology is described in a formal language thatuides axioms
for specifying relationships between concepts, Her@ous enables
users to visualize and interact with additional\kleaige.

In the next section, we introduce Hermeneus anseation 3 its
modules and components are described. Section demiee a
prototype developed to validate our framework. \Mscuks
Hermeneus in section 5 and in section 6 we dessob® similar
works. Finally, we present our conclusions andrieituork.

2. HERMENEUS

The main goal of developing an IR system is tolitaté the

access of the end-user to the desired informatiéonever,

building such IR systems requires background in Harther,

designers should know how to translate the domaowiedge

into terms that can lead to an implemented sysferying to

address these issues, we propose a framework Seg an
ontology to drive the process of building an IRteys. We called
our framework Hermeneus, which in Greek meansnterpreter
or translator, following Kuhlthau [5] who considdréhat the IR
system is one intermediary that should facilitéie tiser to move
from the initial state of information need to theag state of
resolution. Hermeneus intends to allow domain spists,

without skills in IR field, to build IR systems anlden make the
domain knowledge accessible through a search Td@.domain
specialist, after building the ontology and its kitedge base, can
simply configure the modules belonging to the Hearews

architecture. We show the general idea in Figurentiere a
domain specialist who have developed the ontologg the

knowledge base can configure the required modutesss to



generate an IR system. Basically, all modules nedthve access
to the ontology and the knowledge base. The inferamodule
requires additional configuration due to the neitgsd defining
rules in order to extract additional informatiorftek configuring
such modules, semantic indexes are built autontigticihe
resulting IR system intends to provide an intexagcgnvironment

allowing users not only to search the domain kndgéebut also
to develop their information needs.
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Figure 1. Domain specialist configures Her meneus

3. THEFRAMEWORK ARCHITECTURE
We propose a framework that uses an ontology twedthe
process of creating an IR system. In addition, dhtology also
supports the construction of interactive componeftsording to
Guarino [4], “ontologies refer to an engineeringtifact,
constituted by a specific vocabulary used to dbsca certain
reality, plus a set of explicit assumptions regagdihe intended
meaning of the vocabulary words.” As an engineentifact,
ontologies may be used to generate or validaterrirdtion
systems components [6]. Our framework contains foodules:
indexing retrieval, inference andpresentation The ontology and
its knowledge base should be created by the dospegialist —
the actor who has the required knowledge aboudtimeain. It is
important to emphasize that the ontology should deéned

according to specific principles and rules widetgtad in the
literature [4, 7, 8].

3.1 Indexing module

Theindexing modulaises an ontology and its knowledge base to i

create automatically semantic indexes composed riblagy
instances. Basically, this module reads the onjolsg as to
identify its concepts and relations — a class asdrespective
properties define a concept. Then, théexing moduldoads the
instances stored in the knowledge base in ordendex their
content. Inverted index is the most common strecfar indexing
a text collection so as to speed up the searctasg [9]. We
adapted the inverted index structure to store sémiaformation.
This approach adds a new dimension to the (semantierted
index structure that allows the identification efrhs for specific
contexts quickly. Furthermore, Hermeneus createsemantic
index for every concept defined in the ontology acte index
stores instance contents specifically about oneeunand the
concepts it has direct relation with. These indexessides
supporting semantic queries, enable users to visutthe result
set in different perspectives (e.g., visualize rmsult set grouped

not only by institutions and its researchers bsb &y researchers
and their respective institutions).

3.2 Retrieval module

The retrieval module is responsible for retrieving ontology
instances from the semantic indexes as a resporseiser need.
Before being sent to the user, retrieved instaacesanked. The
raking process is another important feature of thtrieval
module We use the similarity measure -callembordinate
matching[10]. As this module handles semantic queries &ed t
indexes contain the context for each term, we simpktrict
possible retrieved instances to those that conéxiactly the
semantic content described in a semantic queryalBecwe use
just the subset of instances that hold the semarficessions, we
did not change the original similarity measure.eantic query
is composed of concept description and respectved (e.g.,
“author:pachect). Figure 2 describes in EBNF the format of
queries applied to a search.

search := query | semantic_query
query ::=term{term}

semantic_query ::= concept “:” term { term } ;" { concept “:” term {term } ;" }
concept ::= <classes described in the ontology>
term ::= letter {letter }- | digit { digit }-
letter :="a" | “b”| ... |2’
digit :=“0"| 1" “2"| 3" | “4" | 5" | 6" | ‘7" | “8"|"Y"

Figure 2. EBNF describing aquery in asearch

3.3 Presentation module

The presentation moduleconfigures an interface that takes
advantage of the ontology in order to create arerauative
environment for IR. This module contains three congmts:
ontology navigatar retrieved instances and additional
information The ontology navigatorcomponentpresents the
ontology in a graphic way, which allows users teigate in the
domain knowledge. The navigator also assists theposition of
semantic queries and allows changes to the visializ of the
result set. This last feature enables users to Eoketrieved
instances grouped by a specific concept, caldral conceptin
addition, theontology navigatoruses distinct shape to facilitate
the identification of theentral conceptind it uses colors for the

“

identification of the other concepts and their extjye values.
The second component, callegtrieved instancesorganizes the
retrieved instances in order to allow users to amsepsemantic
queries dynamically through mouse clicks using géeof such
instances. As a result, instead of formulating sd#inaqueries
manually when getting insights with retrieved imf@mtion, users
can simply click on the desired content and a $ea@finement is
performed automatically. The last one, calletiditional
information component enables users to visualize and interact
with additional information about a specific instan Users can
select a retrieved instance to see additional inddion.
Moreover, such information can also be used tmee#i search —
similarly to theretrieved instancegomponent The additional
informationcomponents directly related to thimference module

which uses inference techniques and rules pregor&d to
extract further information.

3.4 Inference module



The inference moduleextracts additional information from
retrieved instances using the ontology and its Kedge base
through inference and pre-configured rules. As th@main

specialist has the knowledge about the domain, stuld

configure the rules. According to Golbreich [11dadyvdnen et
al. [12], rules are useful to represent the destacpart of the
knowledge. Hermeneus accepts personalized ruldsctra be

built in the ontology and instance level. Ontoldgyel rules are
applied directly on the ontology structure. Thiatiee allows the
definition of new relationships between concepts the

specification of different restrictions. For exampih an ontology
describing only direct family relationships (e.grandfather,

mother, father, son), ontology-level rules couldirde indirect

relationships (e.g., uncle, aunt, nephew, niecasicd. Instance-
level rules, also known as query-level rules [1&hable the
extraction of information from ontology instances.( knowledge
base). Instance-level rules can also be formulaiedtake

advantage of ontology-level rules. For example thie family

example above, we can configure ontology-levelgute specify
indirect relationships, so that instance-level sutuld easily
retrieve the cousins and uncles of a specific perso

4. PROTOTYPE DESCRIPTION

We implemented a prototype to show the viability odr
framework using information about paper’s citatioinem the
Journal of the America Society for Information Swie and
Technology. We conceived an ontology (Figure 3) posed of
five classes that definpaper, author, institution journal, and

keyword concepts. Subsequently, we built the knowledgee bas

with the ontology instances. All instances werestnrcted with
content explicit available in the citations excekéyword
instances. In order to createyword instances, we used the
Information  Extraction technique called Named Bntit
Recognition (NER) [13], which extracts entitiesrfrahetitle and

abstract fields. We chose Web Ontology Language (OWL) to

represent our ontology and the Jena Toolkit [14]btold the
knowledge base, configure the inference engine,dmsdribe and
interpret ontology-level rules (Jena Rule Language) instance-
level rules (SPARQL).

The indexing module reads automatically the ontology and the

knowledge base in order to create the semanticxasleOur
prototype has five indexes — one for each concefined in the
ontology. Each index stores instances about afgpeoncept and
instances of direct related concepts (e.g., #wthor index

slournal Of*

éslnstitution isInstitutionOf*

institution

Figure 3. Ontology about papers

contains information aboutauthor, paper and institution
instances). Theetrieval modulejust needs to know the file
location of the ontology (i.e., OWL file) and ofetindexes. The
ontology navigator componenbelonging to thepresentation
module just needs to know the ontology’s file locatiom &s to
present it graphically. Theetrieved instancesand additional
information components, also belonging to thlpresentation
module communicate directly to theetrieval and inference
modules respectively. We used the Jena inferenginerand
configured the rules in thimference componenDur prototype
contains one ontology-level rule that creates a melation
betweenauthor and keyword concept; therefore, we can easily
find the keywords of a specific author. Figure dpijt shows an
example of ontology-level rule expressed in Jenke Ranguage
and an instance-level rule (bottom) that extractsrimation from
the instances using the new relation created bytieogy-level
rule.

[rule1: (?paper NS#hasAuthor ?author) (?paper NS#hasKeyword ?keyword)
-> (?author NS#authorsKeyword ?keyword)]

SELECT ?keywordname WHERE { ?keyword :keywordname ?keywordname .
“?author :authorsKeyword ?keyword .?author :name 'Frederico Fonseca” . }

Figure 4. Example of ontology- and instance-level rules

We implemented a few instance-level rules used ttraet
additional information from the knowledge base.abfdition, as
our approach allows the visualization of retrievatstances
according to aentral conceptwe configured different instance-
level rules for some concepts. When teaitral concepis paper
the additional information componentpresents additional
information about the authors and their institusioany other
central conceptadditional information specifically about the
paper of a selected instance is shown. presentation module
arranges the interactive components in a way tiat aisers to
visualize and interact with all of them in the sasneeen. Figure 5
shows the screen with four different visualizatemeas. The first
one at the top contains the text field where basid semantic
queries can be typed. The second one on the lefivshhe
ontology — theontology navigatorcomponent- where users can
visualize and interact with concepts and their tigfes. This
component also assists users to create and visu@lez, the
yellow circle) semantic queries and to chooseeatral concept
(i.e., square shape) to view the result set iredsfit perspectives.
The third visualization area on the center presémsretrieved
instances allowing users to compose new semanteriegu
dynamically through mouse-clicks on each piecehefretrieved
content. And finally the fourth area on the righthe additional

PR Semantic based

Ontology Havigator Reault (paper) Additional Information

[otology autharfonseca |

=lRetrieval

Fredericn Fonseca's most

Trequent keywords are:

ontelogies, information science,

;| crtology, envineering, science;
# | andt sihe cooperstes with

2 results

tl=} The double role of antologies in information

nce research -
1n philusophy, Ontalogy is the basic description of things in the
world. In information science, an ontology refers ta an engineering artifact,
constituted by a specific vocabulary used to describe a certain reality,
Ontal

- James E. Martin;

Perrsylvania Stats Uriversity,
University Park, Pa 16802 has
published 13 paper(s), written
by 36 suther(s), and its most
irequent keywords are: wek,
weh search, web search
engine, information retrieval,
ontologies

; enal a;
rmation; informatien science; ontalogy;
ontolagy- on systems;

Authors: Frederico Fonseca;

narme)lournal of the American Society for Information
lume)8889;  (issuenumber)3989;

Scien
2. Paper: (iitlz) Toward an altarnﬂtinn of information
systems ontologies: Informati ineering as a

Figure5. Result screen showing: (1) placeto type queries; (2)

ontology navigator component; (3) retrieved instances component; and

(4) additional information component



information component- displays additional information about a
retrieved instance chosen by the user.

5. DISCUSSION

We presented our framework Hermeneus that usesitatogy to
drive the process of creating an IR system. Thelogy also
supports the construction of interactive componenis the
following sections we discuss how the ontology t@nused to
build the required modules of an IR system and hie
interactive components provide support for usetsomdy to find
their information needs but also to extend theiatest of
knowledge.

5.1 Building ontology-based IR systems

Our goal was to create a higher-level frameworkbtold IR

systems by domain specialists without skills in it&search.
Therefore, domain specialists can focus solely o domain
knowledge and not concern with implementation detain

addition, the aim was to shorten the time of deielg IR

applications while also improving their usabilitpdausefulness.
Because domain specialists can build the IR systemselves,
our approach also avoids problems related to coration

between stakeholders (e.g., domain specialist, gdesi
application developer, user-interface designerynadly involved

in a process of creating an IR system. Our framkwsrin

accordance with Hendry and Harper [15] statement siiggests
that “an architecture can reduce the cognitiveadist between
concepts in a problem domain and the software atigins need
in a program.”

Hermeneus builds automatically the required modofesn IR
system taking into account the ontology structured ats
knowledge base. Hermeneus does not depend on dispBc
model. We defined its modules to support the opeatof
interactive components. For example, Hermeneustesea
semantic index for each concept defined in thelogto so users
can visualize the result set in different perspesti Because this
grouping task is performed during the indexing ps%; there is
no impact on performance when changing modes oflimation
on the fly Additionally, because Hermeneus deals with seimant
queries, it retrieves information more preciselyccérding to
Vallet et al. [16], ontologies can overcome theitétions of
keyword-based search and provide better recalpagcision.

We developed Hermeneus to be modular, flexiblefigorable,
and extensible. Its architecture is composed of foadules and
three components that facilitate to adapt to sjpitiEfs required
by a domain. For example, a designer can changedweisualize
the retrieved instances adjusting thestrieved instances

component Domain specialists can configure rules and specif

how the additional information should be presented.our
prototype, for instance, we extended the relatidietween
concepts configuring ontology-level rules and instlevel rules
to extract more valuable information directly frahe ontology
and its knowledge base. Furthermore, because Heuseis
modular, new features can be added to the architeegsily. For
example, a designer can develop a new ranking itigorand
change only theretrieval module or, s/he can add a new
similarity measure and allow domain specialisteioose which
one to use when configuring the framework.

5.2 Interactive components

Searching is often an exploratory activity whereerasapply
knowledge, intuition, and strategies together wathls to find the
desired information [17]. Our approach uses ontplimgprovide
interactive components that assist users not amling the search
process but also developing their information neg@teontology
navigator componentfor instance, enables users to navigate in
the ontology concepts and their relationships. tFati al. [18]
states that the added value of visualizing an ogtographically
lies in its expressivity because the vocabulanthef domain is
easy to detect. As users interact with the ontglaggy can
compose more valuable queries. This component alvs
define the type of retrieved instances selectingraral concept
so users can have different perspectives of thatrest for the
same query. McGuinness [19] states that ontologybeaused to
derive further views of knowledge, particularlytire exploration
of new navigation purposes. For example, our pyp®tetrieved
11 instances aboytaper concept when searching foseémantic
wel’ terms (thecentral concepts papel); if one wants to see just
the papers that mention thertology instance, related to the
keywordconcept, s/he just needs to select ascérgral concept
the keywordconcept. With this view, the user can easily idgnt
the “ontology instance, related to thieeywordconcept, and the
respective list opaperinstances.

The retrieved instancecomponent which shows the retrieved
instances, allows users to select pieces of swathrines to refine
their searches. For example, searching for geafchi term in
our prototype, we received 172 instances; clickomy “web
searchi content, belonged to a retrieved instance, rdldtethe
keyword concept (i.e., our query isséarch keyword: web
searchy), gave as a result only 61 instances. As usdisuéate
their information needs more dynamically performitigs task
continuously, they can find the desired informatinare quickly.
In the prior example, if we click orséarch enginecontent, also
related to thekeyword concept (i.e., our query isséarch
keyword: web search; keyword: search endinhaje receive just
32 instances — from 172 to 32 instances with twaksl Users can
also visualize and interact with additional infotioa for each
retrieved instance. This is the role of theditional information
componentthat presents information extracted by thérence
module Hatala et al. [20] state that “ontologies anasuprovide
an excellent platform for building a highly-respives context-
aware interactive application.” In our prototypeyr finstance,
users can easily see the author's most frequentdeelg, the list
of people who cooperate with a specific person,taecamount of
published papers related to an institution. Theorimftion
available in this module can also be used as aroetpry
activity, for users can interact with such inforfoatand refine
their queries dynamically. As users learn more &abtheir
problem space when interacting with retrieved con{&, 21],
their information needs often modifies — our comgus give
support for this transition.

6. RELATED WORK

There are some works applying ontology and IR meseso as to
develop better IR systems, but none of them aréagirto our
approach. McGuinness [19] proposes an ontology+erdth
online search for medical documents where userscoarbine a
simple keyword search with content areas describeda



taxonomy. Lei et al. [22] propose a semantic sedrahintends to
make a search simple and effective. Vallet et1#8] describe an
ontology-based IR model where indexes are replaogda
knowledge base. Hyvonen et al. [12] present a séeaortal
with an IR system grounded on ontological concepteir IR
system, based on the multi-facet search paradiges a set of
taxonomies. Nevertheless, in most cases an ontaagybe more
than a taxonomy of concepts, involving in particutanstraints
and interrelations among concepts [1]. Hermenedosvaldomain
specialists without skills in IR to build an IR $gm. The
resulting system enables users to interact with dh&logy,
compose semantic queries, visualize the resultirsatifferent
perspectives, select retrieved content to refirdr thearches, and
interact with additional information.

7. CONCLUSION AND FUTURE WORK

We described our framework called Hermeneus whisésuan
ontology to drive the process of building a IR systwith
interactive components. Hermeneus enables domaniadists
without background in IR research to build such yatem.
Hermeneus contains four modules responsible foeximdy and
retrieving ontology instances, presenting intexgctomponents,
and inferring information. The interactive compotsewere based
on information seeking theory that states that sisgant an
environment where they can intervene and interamenactively
with information. Our framework enables users t@age in a
sequence of interactions not only to facilitate siearch process
but also to help them understand what they areithgofor.

As a future work, we intend to create an environmehere
domain specialists can compose rules visually withmeeding to
understand a specific rule language. A new graphiay to

present the retrieved information to take advantaigsemantic
content will be developed. We also envisage a nmésirawhere
users can define their own ontologies and configuréR system
according to their notion of reality for a specifiomain.
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