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Abstract. Query answering has been addressed as a key issue in dynamic dis-
tributed environments such as Peer Data Management Systems (PDMS). An
important step in this process regards query routing, i.e., how to find peers (data
sources) that are most likely to provide matching results according to the se-
mantics of a submitted query. To help matters, we argue that semantic infor-
mation like contextual information, combined with Information Quality (IQ)
provided by IQ measures, may be employed together to enrich query routing
processes. In this work, we propose an instantiation of a metamodel which
combines both concepts as a means to produce semantic knowledge to be used
in query routing processes. We also present an example of such instantiation.

1 Introduction

Peer Data Management Systems (PDMS) are P2P applications, which provide data
sharing and query answering capabilities considering that data sources are organized
in a network of peers [12; 6]. In a PDMS, data sources (peers) are connected with
each other through a set of semantic mappings in such a way that peers directly con-
nected are called semantic neighbors. In this light, query answering in a PDMS
means to provide capabilities of answering a query considering that such query is
submitted over one of the peers and there is a set of mappings between the peer and
their neighbors.

A key issue in query answering in PDMS regards query routing, i.e., the process of
identifying the most relevant peers among the ones available in the network according
to a given submitted query. This process is not easy due to the large number of peers,
the dynamic setting and the heterogeneity of the sources that compose the system.
During query routing, some conditions such as peers’ unavailability or even a low-
degree history of answers are important criteria that may be considered in the peer
selection or the estimated routing paths.
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Some works have been proposed to improve the query routing process by using
semantic information in peers’ clustering [8] and quality criteria (e.g., completeness
of mappings) to select relevant peers [6; 10]. In our work, we propose the use of
semantic information, combined with Information Quality (IQ) provided by IQ
measures, in order to enrich query routing processes. We argue that the use of such
semantic information may reduce the query search space by considering only peers
that may contribute with relevant answers, i.e., answers that match the semantics of
the submitted query as well as the user preferences. Specifically, we propose a model,
which combines semantic information and IQ as a means to produce semantic
knowledge to be used in PDMS query routing processes. Such model is based on a
metamodel defined in Souza et al. [11].

In a general way, semantic information concerns the information that helps to as-
sign meaning to elements (e.g., schema elements) or expressions (e.g., queries) that
need to be interpreted in a given situation [11; 8]. On the other hand, information
quality (IQ) is a multidimensional aspect of information systems and it is based on a
set of criteria, which are used to assess a specific IQ aspect [2, 7; 14]. In our ap-
proach, we are interested in semantic information provided by ontologies [1; 5] and
context [13; 3].

This paper is organized as follows. Section 2 introduces the semantic knowledge
metamodel. Section 3 proposes a model to enrich query routing processes. Section 4
points out some considerations and highlights important topics for further research.

2 Semantic Knowledge Metamodel

A metamodel can be viewed as a model of a modeling language [4] that defines the
semantics for the main concepts that should be used to build other models. In order to
provide means to build specific models that combine IQ with semantic information,
we have built a metamodel, described in Souza et al. [11]. The metamodel has been
developed as an ontology. The reasons underlying this choice are: (i) ontologies are
formalized by means of Description Logics (DL) which provides expressiveness and
reasoning mechanisms [1] and; (ii) ontologies may enable sharing and reusability
[12].

The main concepts underlying the metamodel are Semantic_Information and In-
formation_Quality. Both are subconcepts of Information. The former concerns infor-
mation provided by ontologies, defined here as Ontological_Information, and context,
defined as Contextual_Information. The latter concerns information obtained through
1Q metrics. Both concepts (Semantic_Information and Information_Quality) are sup-
posed to be identified and used when associated with a specific Situation, which is
composed by a set of Processes. A Domain_Entity is defined as anything in the real
world that is relevant to describe the domain we are dealing with. Contextu-
al_Elements are used to characterize a given domain entity. Besides, a Measure is
defined as a score value characterizing a particular IQ criteria. In this sense, combin-
ing both semantic information and IQ in a given situation may lead to relevant Se-
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mantic_Knowledge. To this end, rules and axioms are being developed as a way to
allow inference and consistency conditions check.

In the next section, we instantiate this metamodel by building a model which aims
to deal with PDMS query routing issues.

3 A Model to Enrich Query Routing Processes

According to the metamodel described in Section 2, we have been working in a model
layer which aims to deal with semantic information and IQ as a means to enrich
PDMS query routing processes. To this end, we have particularly considered contex-
tual information (e.g., peer availability, user preferences) and IQ criteria related to
peers (e.g., reputation, access frequency, reliability). The idea is to use such informa-
tion and the produced knowledge to assist the task of selecting a subset of candidate
peers to route a query to. As a result, a set of peers, called relevant peers, are defined
as the ones to send the query. We present the main concepts of the model in Figure 1.
Such model is indeed a conjunction of pertinent entities (in this case, peers and que-
ries) and the contextual and IQ elements related to them.

Contextual_Information Information_Quality

iz CompozedBy™ \improves”

Contextual Element iwBuiltFrom™ Quality Criterion Process

isRelatedTo™ weompogedby™ \isa

isNeighborOf* Situation Query

Fig. 1. Overview of the Model Main Concepts

As an illustration, consider a PDMS scenario composed by peers which integrates
data from the Education knowledge domain. In this setting, we use ontologies as uni-
form representation of peer schemas. Since peers are grouped within the same
knowledge domain, we use a domain ontology as background knowledge to identify
the set of correspondences (i.e., mappings) between pairs of neighbor peers ontologies
(schemas) [9]. Queries are submitted using SPARQL! language and are reformulated
considering the set of such existing semantic correspondences between source and
target neighbor peers.

Particularly, we consider three peers, named P1, P3 and P4, which are semantic
neighbors, as depicted in Figure 2. Our goal is to route a query Q that has been sub-
mitted at P1 to each semantic neighbor (P3 and P4). Figure 2 also shows query Q1

' http://www.w3.org/TR/rdf-sparql-query/
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submitted at P1 and query Q13 (reformulated from original query Q1) that is for-
warded to P3. In this example, P4 is unavailable at query submission time, thus it is
out of the relevant peers list. Since P3 is available and its reputation is under a defined
threshold, it is chosen to receive the reformulated query. Therefore Q1 is submitted in
P1 and routed to P3, according to the availability information (as an example of con-
textual element) and to the reputation measure (as an example of IQ criterion).

isReformulationOf

isReformulatedIr
isExecutedIn

isNeighborOf

hasSituation

Unavailable
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Available

Fig. 2. NNlustration of a Query Routing Process Using the Proposed Model

For the sake of space, this illustration is quite simple. However, it aims to show
some of the important usages of IQ and semantic information in order to enrich a
query routing process: (i) it helps to identify the most relevant data sources (peers)
that may contribute with answers to a given query; (ii) it allows to minimize network
traffic from reducing exchanged messages among peers; and (iii) acquired contextual
elements and IQ metrics may be stored in a knowledge base for later access, helping
to identify trends in other future query routing processes.

With respect to the integration of query results obtained from the diverse peers and
some quality problems resulting from the processes of reconciling and merging data
are out of the scope of this work. They are subject of other researches that are being
developed in our group.

4 Conclusions

Due to the complexity of PDMS query routing, the usage of semantic information and
1Q is becoming more and more a necessity, instead of an optional requirement. These
systems are highly dynamic and the semantic knowledge around this process is rather
important to select the most relevant peers to send a query and produce results, which
best meet the users’ needs. In this sense, this work has presented an instantiation of
the metamodel proposed by Souza et al. [11] considering query routing processes. We
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have also presented an example to show the benefits of combining semantic infor-
mation and IQ measures.

As further work, we plan to refine the model as well as to define rules/axioms for
the inference of semantic knowledge. This model will provide the combined use of
semantic information and IQ and will be used in query routing process of a PDMS.
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