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Abstract. Query routing is a key issue in dynamic distributtironments
such as Peer Data Management Systems (PDMS). Timemabity of the
environment and the amount of heterogeneous amthantous data sources
available in the system have made hard the tagiding relevant results to
user queries. We argue that the semantic knowl@dgend this process is
rather important to select the most relevant peéersend a query and produce
results which best meet the users’ needs. To azhaen deal with such
knowledge, we combine two important aspects: semamfiormation and
information quality. In this light, we present ans@ntic-based query routing
approach for PDMS and highlight important issuelated to this problem.
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1. Introduction

The increasing use of the Web and the developmieobramunication infrastructures
have led to a demand for high-level integration ditributed, autonomous and
heterogeneous data sources. This fact caused thear@amce of diverse distributed
environments such as Peer Data Management SysteDMS) [Souzaet al. 2011;
Kantereet al.2009]. In a PDMS, data sources (peers) are coedhegith each other
through a set of semantic mappings in such a wal pkers directly connected are
called semantic neighbors. In this light, queryvegrsng in a PDMS means to provide
capabilities of answering a query considering thath query is submitted over one of
the peers and there is a set of mappings betwegpettr and each one of its neighbors.

A key issue in query answering in PDMS regardsyjueuting. Query routing
is defined as the process of identifying the mektvant peers among the ones available
in the network that are most likely to provide nhémg results according to the
semantics of a submitted query. This process iseasy due to the large number of
peers, the dynamic setting and the heterogeneityeofources that compose the system.
During query routing, some conditions such as paanavailability or even a poor
history of answers are important criteria that rhayconsidered in the peer selection or
in the estimated routing paths.

In our work, we argue that the semantic knowlepigeluced by combining both
semantic information and Information Quality (I@@ncbe used in order to improve the
guery routing process. The idea is that the obtbssnantic knowledge may reduce the
query search space by considering only peers thgtaontribute with relevant answers,
l.e., answers that match the semantics of the gtdunguery as well as the user
preferences.

This paper is organized as follows. Section 2opmices some important
concepts related to this work; Section 3 presentsnaain contributions. The related
works are discussed in Section 4, and Section &itbes the current stage of the work.

2. Fundamental Concepts

This section introduces some concepts underlyirsggvibork, particularly PDMS and the
query routing problem, semantic information and 1Q.

2.1. PDMS and the Query Routing Problem

In PDMS, queries submitted at a peer are answerttddata residing at that peer and
with data that is reached through mappings thatpaopagated over the network of
neighbor peers. Therefore, the query routing proile PDMS occurs every time a peer
receives a query and has to decide, based ond& kmowledge, to which of its
semantic neighbors it should forward the query. amoid flooding, i.e., the query
propagation among the entire network of peers, iftnportant to develop a process that
may select relevant peers based on the circum&dhae surround the process on the
fly. The circumstances regard the entities arotedsictivities that compose the process,
for example, the submitted query and its semantios, available peers, the user
preferences, the existing mappings among the pbensgs, and all the factors that can
be acquired at each step of the process.



2.2. Semantic Information

In general, semantics is the study of meaningh@fmessage underlying the words or
underlying certain elements that need to be ingdedr in a given task or situation
[Souzaet al. 2011]. Due to the heterogeneity and to the dyniiynodé a PDMS setting,
the use of semantics in the form of ontologies ematext has proven to be helpful in
tasks such as query answering and peer clusténiigis work we are mainly interested
in semantic information provided by context.

We defineContextas a set of elements surrounding a domain entitgterest
(e.g., user, query, and peer) which is considezyant in a specific circumstance during
some time interval [Souzet al 2011; Vieiraet al. 2010]. Vieiraet al (2011) makes a
distinction between the concepts of contextual el®n(CE) and context. The former is
any piece of data or information that enables tratterize an entity in a domain. The
latter is the set of instantiated contextual elemdhat are necessary to support an
activity at hand.

Contextual elements may improve the semantic pné¢ation of an entity by
restricting or modifying the meaning of an elemaatording to a circumstance [Souza
et al. 2009]. Regarding query routing, the contextuabinfation is related to any
information that may influence the process actgitsuch as query execution, peers
selection, query reformulation, query forwardingl @uery results presentation.

2.3. Information Quality

The notion of IQ has emerged during the past yaats shows a steadily increasing
interest [Duchateau and Bellahsene 2010; Roth aadimhan 2007]. 1Q is usually
characterized by multiple dimensions or criteridneve each one captures a high-level
aspect of quality. The role of each one is to assesl measure a specific 1Q criterion
[Wang and Strong 1996]. For our purposes, we ve# the general definition of 1Q —
‘fitness for use’ - which encompasses the aspdajsality.

In dynamic distributed environments such as PDNJ8has received significant
attention in the literature over the past decaderd are two major reasons for that (a)
the phenomenal growth of information sources ab&ldor query, and (b) the highly
accessible nature of this information by a divesseof users [Arazy and Kopak 2011].
PDMSs are vulnerable to poor IQ in some aspects asdHerschel and Heese 2005;
Roth and Naumman 2007]: peer (data source), péenst, mappings, data and query
answers. In fact, considering a PDMS, quality aatean give trust to the system and
enhance its processes. In query routing processxmple, peer quality measures such
as relevancy and reputation can be used as a gbaiaeneter to select the best peers to
forward a given query.

3. Contributions

In this section, we present the main contributiohthis work regarding a query routing
process and a model to represent information qualid contextual information in
order to improve relevant peers’ selection.



3.1. A Semantic-based Query Routing Process

The goal of the process is to select the best s@keers that are able to answer a
submitted query. Thus, during the process, eachthaereceives a query accomplishes
the following activities:

* Query Execution executes the query locally and stores the qaesyer in a
result list maintained by itself;

* Peer Selection identifies candidate peers from its semantiagimeors and
selects relevant peers (i.e., target peers) fravséh of candidate peers based on
contextual information of domain entities (usereyuand peer);

* Query Reformulation reformulates the query to each relevant peesidening
the target peer schema and the acquired conteitiamation [Souzeet al.
2009];

* Results Integratior integrates the result list received from itgyhbor peers;

* Query Forwarding- forwards the query to the chosen target pe@sgoving the
contextual information acquired in the process.

A TTL (Time-To-Live) mechanism based on time wantd semantic information
will be defined to limit the query routing proce¥ghen the TTL is reached, the result
list maintained by the current peer is integrated #s result is routed back, following
the reverse path of the received query.

In our approach, the semantic information and i€used in order to make the
process decisions more specific. Thus, in eachegmactivity, the circumstances that
surround the system entities (e.g., peers) areyzaedlin two perspectivesontextand
IQ. Three types of context are consideredi{@® user contexfprovided by his profile
and defined preferences; (ihe query contextacquired through its semantic analysis
and (iii) the peer contextidentified by peer availability and the assodatpiality
criteria.

Regarding 1Q, there are some criteria which haaenlkconsidered and specified
as follows: (i)Reputation concerns the degree to which the information sb@arce is in
high standing. In our approach the reputation iGotecan be assessed by calculating
the percentage of queries answered and querieansatered by a peer in a given time
interval; (ii) Relevancerefers to the suitability of data to queries sitbed by users.
Usually, this criterion is subjective and user-degent, since only the user can
determine whether something is relevant or not. ndieoli et al. (2009) considers
relevance as a measure of semantic similarity twbe query concepts and the
concepts existing in target peer schema. In oukwee extend this definition, allowing
the user to set weights (importance scores) to eanhept that is being queried in a
given query; (iii)Query Degradationwe define the concept of query degradation by
extending the concept of semantic loss presentddeimeroudis and Lekeas (2007).
The query degradation criterion is a metric obtdibg the product of the percentage of
concepts that may not be lost in a query reformangbrocess of quer§ from peerP;
to peerP; and the mean of similarity scores between the quBogueried irQ and the
concepts present in a target pBern the routing process, for each candidate pPgep
forward the query (i.e., neighbor of the peer theateives a query), a global quality
score Global_IQ(Ry)) is calculated taking into account the defined duadriteria. A
quality threshold will be defined to avoid querynf@rding to peers that have a
Global_IQvalue below the threshold.



To help matters, Figure 1 depi@ query routing examplgcenaricin a PDMS
composed bgix peers P1, P P3, P4, P5 and P6. In tlesenario, suppose that a qu
Q has been suhitted at peer F and that the system quality threshold value i.. After
receivingthe query, P1 executit and must select the relevant peers to send thg
based on the circumstance that surrs the system entitieat runtime. Thus, the
context (ofuser, query, peer) arlQ of neighbor peers are analyzéfbnsidering tat
P3 is unavailabland the relevance values of P2 and P4 are abowgutiigy threshol,
the query Q is reformulate(QR;2, QRy4) and forwarded onlyo peers P2 «d P4. In the
same way, after recang the query, P4 executes the query, based on the
circumstance, decidde forward th reformulated query (Qf) only to P6 because F
has a relevance value below the quality thres. At each peer that receives a que
the query answers (QAare integrated and routed backthe peer thasent the query.
This activity will be repeated until reeing the peer that originatede quer.

Circumstance
(context+1Q)
‘ / Relevance (08)

Relevance (0.75)
i Available

Circumstance i Relevance (0.74)
(context+1Q) ! Available

Figure 1: /n Example Scenario for Query Routing

3.2.A Model to RepresentSemantic Information and Information Quality

In order to allonwsemantic information anlQ usage, it is importarit define howthese
related concepts are represented and (possiblg)spad.For this purpose, we have us
the metamodel presentedSouzaet al. (2012).Such metamodel has been develope
a way to provide constructors ttcan combine semantic information (e.g., ontoloc
and contextual information), and Information Qualif(lQ) provided by IC
measurements. By combining such concepts, it ainpsdduce semantic knowledge
be used in data integration settings. The dd metaeonstructors (i.e., me-concepts)
can be reused in other models for specific purpdn our proposal, we have genera
a model for the query routing process basesuch metamodel constructo

Figure 2depicts the model with itmain concepts and thelationshipsamong
them. The concepts and relationships which aretiftegh by the prefixmetabelong to
the metamodel and are being reused in this r
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Figure 2. Model to Query Routing Process

The main concepts underlying the model that anee@ from the metamodel are
Semantic_Informatiorand Information_Quality subconcepts ofnformation In this
work, the former concerns information provided @gntextual _InformationThe latter
concerns information obtained through 1Q metrinformation_Qualityis composed by
a set of criteria Quality Criterion) such asRelevance Query Degradationand
Reputation The conceptMeasure concerns the values provided by quality criteria
metrics Metric). A domain entityis anything in the real world that is relevant to
describe the domain of interest. In our processdetermined three domain entities:
peer, queryanduser Also, we defined whiclProcesswould be the most important in
our setting. Theuery routingprocess has been defined as the one of our iht€resry
execution, peer selection, query reformulationyltssntegration and query forwarding
are activities belonging to the query routing psscd-or the sake of simplicity, only the
peer selectioractivity is represented in the mod&lementis used to characterize a
Domain_Entity Quality measures and contextual elements arestyfeelement.
Elements under a given circumstance which are dersil as relevant become
contextual elementseer_Availability and Global _1Q represent contextual elements
that are acquired at runtim@eer_Availability indicates if the peer is available to
receive a query an@lobal_IQrepresents the final 1Q score obtained from peatityu
criteria assessmen§emantic_Knowledgeoncerns the knowledge obtained from the
contextual elements and domain entities that compthe circumstance of an
instantiated activity at hand.

\isa

Peer_Availability




4. Related Work

Despite the fact that there are a lot of researshesiing the importance of 1Q for the
improvement of query answering in PDMS [Greztral. 2010, Heeset al. 2005], only
few works discusses the use of 1Q aspects and xdoateinformation specifically in
query routing.

Zhugeet al. (2005) deals with data inconsistency proposinguali®y of Peers
(QoP) method. They also propose methods basetieondtion of routing graphs for
estimating query completeness. System P [Roth aadmdnn 2007] provides a
completeness-driven query planning. Its objects/&oiforward queries by considering
peers and mappings that promise large result sektsreppings with low information
loss. Herschel and Heese (2005) use a PDMS artigefHeeseet al. 2005], which
extends the classical PDMS along three dimensi@hsal{ty, Web and Semantics),
enabling more efficient lookup of information soegcand improving query routing.
Other works offer a dynamic approach for clustepegrs in semantic groups by using
IQ [Loseret al. 2003] and IQ and contextual information [Montanelfiial. 2010] in
order to create a search space for query.

Different from the referred works, our approachirdess a set of quality criteria
(reputation, relevance, query degradation) and estumél information (e.g., user
preferences, peer availability) to be used in alwoed way to enhance query routing
processes. It also presents a model to represese ttoncepts that will be used in the
approach development.

5. Current Stage of the Work

At this moment, we are working on the formalizatiohthe specified query routing

process. A quality threshold will be defined to beed as a reference during the
selection of relevant neighbor peers. The modehddfto represent 1Q and semantic
information will be refined by specifying some rsl@xioms for the inference of the

semantic knowledge. To evaluate our proposal sotperaments will be accomplished

in a semantic-based PDMS, named SPEED [Riras 2009].
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