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ABSTRACT 

 

Dynamic distributed environments are decentralized systems that provide users with 

querying capabilities over a set of heterogeneous, distributed and autonomous data 

sources (peers). Data Integration Systems, Peer Data Management Systems (PDMS) 

and Dataspaces are examples of such systems. They are composed by peers that 

belong to a specific domain and are linked to each other by correspondences 

(semantic connections). Nonetheless, a challenge inherent to dynamic distributed 

environments is the query reformulation process between a pair of peers. When a user 

poses a query at a peer, in order to acquire more information, the query should be 

reformulated in accordance with the neighbor peers schema. In this process some 

problems as semantic loss and query degradation can arise.  

The semantic loss and query degradation are problems related to the loss of 

semantic concepts during query reformulation. In the other hand, in such a semantic 

environment instead of a semantic loss the query can have a semantic enrichment by 

aggregating semantic related concepts during reformulation. In this sense, the user’s 

query can be enriched and semantically richer results can be delivered.  

Information Quality criteria has been used in some works to evaluate the level 

of quality of the distributed dynamic environment’s elements such as, peers, data and 

query answer. These criteria are dynamic measures provided by the system and serve 

as scores that can be constantly evaluated to get the actual level of quality. 

In this work we present four Information Quality criteria that measure the loss 

and enrichment of semantic concepts during query reformulation among peers. We 

present an example of our analysis and the algorithms that implement the evaluation 

of the presented criteria. We also give our definitions to the semantic loss and query 

degradation problems. Finally, we present the experimentation we have done with the 

SPEED PDMS and the obtained results. 

 

Keywords: Query Reformulation, Information Quality, PDMS, Distributed Dynamic 

Environment, Semantic Correspondences 
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RESUMO 

Ambientes dinâmicos e distribuídos são sistemas descentralizados que fornecem aos 

usuários recursos de consultas sobre um conjunto de fontes de dados heterogêneas, 

distribuídas e autônomas (peers). Sistemas de Integração de Dados, Peer Data 

Management System (PDMS) e Dataspaces são exemplos de tais sistemas. Eles são 

constituídos por peers que pertencem a um domínio específico e estão ligados entre si 

por meio de correspondências semânticas. No entanto, um desafio inerente em 

ambientes dinâmicos e distribuídos é o processo de reformulação de consulta entre 

um par de peers. Quando um usuário coloca uma consulta em um peer, a fim de 

adquirir mais informações, a consulta deve ser reformulada de acordo com o esquema 

dos peers vizinhos. Neste processo podem surgir alguns problemas como a perda 

semântica e a degradação da consulta. 

A perda semântica e degradação da consulta são problemas relacionados à 

perda de conceitos semânticos durante a reformulação. Por outro lado, em um 

ambiente semanticamente rico, ao invés de uma perda semântica, a consulta pode ter 

um enriquecimento semântico por meio da agregação de conceitos semanticamente 

relacionados durante a reformulação. Neste sentido, a consulta do usuário pode ser 

enriquecida e resultados semânticos mais ricos podem ser recuperados. 

Critérios de qualidade da informação têm sido usados em alguns trabalhos para 

avaliar o nível de qualidade dos elementos de um ambiente dinâmico e distribuído 

como, por exemplo, peers, dados e a resposta da consulta. Estes critérios são medidas 

dinâmicas proporcionadas pelo sistema e servem como uma pontuação que pode ser 

constantemente avaliada para obter o nível real de qualidade. 

Neste trabalho, apresentamos quatro critérios de qualidade da informação que 

medem a perda e o ganho de conceitos semânticos durante a reformulação da 

consulta entre os pares de peers. Nós apresentamos um exemplo da nossa abordagem 

e os algoritmos de avaliação de critérios. Também damos as nossas definições para os 

problemas de perda semântica e degradação da consulta. Por fim, apresentamos a 

experimentação que fizemos com o PDMS SPEED e os resultados obtidos. 

 

Palavras-chave: Reformulação de Consultas, Qualidade da Informação, PDMS, 

Ambiente Dinâmico e Distribuído, Correspondências Semânticas 
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CHAPTER 1 

 

“No pain, no gain.” 

Introduction 

 

In this chapter, we give a brief introduction about the aspects that have motivated and 

characterized this work. We also present the goals of this research, as well as the 

dissertation structure. 

 This chapter is organized as follows: Section 1.1 discusses the motivation of the 

work; Section 1.2 introduces the work goals and Section 1.3 presents the dissertation 

organization. 

1.1. Motivation 

The exponential growth in the use of computers to share information has led to a large 

range of data sources (peers) available through networks.  These peers are usually 

heterogeneous in the way they share information, the topology organization and the 

technologies in use. During the last years there have been some attempts to integrate 

the information from these autonomous and heterogeneous peers namely, Data 

Integration Systems [Halevy et al. 2006; Lóscio 2003], Peer Data Management Systems 

(PDMS) [Arenas et al. 2003; Herschel & Heese 2005; Pires 2009] and Dataspaces 

[Franklin et al. 2005]. These systems are called DDE (Dynamic Distributed 

Environments) and their main objective is to provide query processing over the 

distributed sources. In this work we focus on a specific type of DDE, a PDMS. 

 The DDE, usually, have a set of interconnected peers which export its schema in 

order to share information. Some of them facilitate the integration tasks by the use of 

ontologies to express the meaning of their schema. In a PDMS, the queries are 

continuously reformulated from a peer to another neighbor peer. One main challenge 

in these environments is the query reformulation process. The query reformulation is 

the method of reformulating a query based on another peer’s schema. Because the 

dynamic nature of the system, peers can enter and leave the network at any time, 

change its schemas and switch among clusters of peers. Consequently, during query 

process some problems may arise such as: peer unavailability, incomplete results, 
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empty results, inconsistencies between peers’ schema concepts and high response 

time. These problems may cooperate to an inaccurate query answer, i.e., the query 

result may not fill the user’s need. Some authors such as Souza [Souza 2009] proposed 

a semantic query reformulation to minimize some of the mentioned problems. 

 When the user poses a query on a peer it is first executed locally and then 

reformulated to its neighbor peers in order to get more information. During the 

reformulation process the query is adapted in conformance with the neighbor peers’ 

schema, i.e., the query is reformulated considering the concepts of the neighbor peers’ 

schema. 

 We identify some specific problems that may emerge during query 

reformulation process in a PDMS: 

 Semantic loss: if a query Q asks for concepts A and B at peer P1, during query 

reformulation to its neighbor peer P2, the concept B may be absent in peer P2 

implying in semantic loss; 

 Query degradation: query reformulation is done over a set of interconnected 

peers. In that way, a high overall number of semantic losses can be suffered by 

the query meaning that, the query answer could not satisfy the user’s 

expectation. Therefore, the query reformulation process had a query 

degradation by the accumulated semantic losses suffered; 

 Empty results: the query submitted by the user can generate a set of 

reformulated queries with empty results. 

If these kinds of problems do happen, it could be not interesting for the system 

to continue with the query reformulation. If these problems do not happen, we can 

partially say that the query semantics is maintained, i.e., the query concepts from the 

original query are present in the neighbor peers. Although, the semantics of the query 

is not only defined by the query concepts, but also by the environment context that 

the query is executed [Souza 2009]. In this work we aim to measure the loss and 

enrichment of a query only in the query concept level. On the other hand, in such a 

semantic environment, instead of a semantic loss the query can undergo a semantic 

enrichment by aggregating semantic related concepts during reformulation. In the 

neighbor peers schema we can find extra semantic related concepts to the ones issued 

by the user query. For example, a peer may not contain the concept Vehicle, but may 

have the concept Car which can be considered a subconcept of Vehicle. In this sense, 

the user’s query can be enriched with semantic concepts and may retrieve more 

semantic results to the user query.  

In the literature [Batista 2008; Yeganeh et al. 2009; Heese et al. 2005; Bonifati 

et al. 2008] we found some authors that have used Information Quality (IQ) to 

measure the quality of DDE elements, i.e., peers, peers schema, query answer, 
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correspondences/mappings or data. IQ is a set of criteria that can be used to evaluate 

the quality of such elements and assist the system in many processes such as: selection 

of relevant peers, measuring peers’ availability and accuracy of the data [Olson 2003]. 

In this sense, the reformulated query analysis in PDMS using IQ can play an 

essential role in tracking the loss and/or the enrichment of a query during its 

reformulation process among peers. The semantic loss problem affects directly the 

meaning of a query by the loss of semantic concepts during reformulation. In this way, 

it is important to have a mechanism that measures this kind of loss. Likewise, the 

query can have some kind of enrichment because extra semantic related concepts 

have been found during reformulation. A semantic query routing mechanism [Freire et 

al. 2012; Arivazhagu & Srinivasan 2012; Faye et al. 2007], for example, can make use of 

the analysis results and, together with others variables such as the environment 

context and peer availability, decides if it is worthwhile to continue or not with the 

query routing. It is important to mention that we do not propose a routing process or 

an improvement to an existing routing process. Our focus is the proposal of IQ criteria 

to measure the loss and enrichment of semantic concepts from the reformulated 

query. 

1.2. Goals 

The main objective of this work is the analysis of the reformulated query using IQ 

criteria in a PDMS in which queries are reformulated from a peer to other peers in the 

network.  

1.2.1. Specific Goals 

 To specify and implement IQ criteria for the analysis of the loss and 

enrichment of semantic concepts from the reformulated query in a 

PDMS called SPEED; 

 To provide IQ measures of the loss and enrichment from the 

reformulated query; 

 To clarify semantic loss and query degradation concepts; 

 To do the experimentation of the query reformulation IQ analysis in the 

SPEED PDMS. 

1.2.2. Expected Contributions 

The expected contribution of this work is the reformulated query 

analysis using IQ criteria to provide IQ measures for the loss and 

enrichment of semantic concepts during query reformulation. Also a 

discussion and definitions to the semantic loss and query degradation 

problem will be given. 
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1.3. Dissertation Organization 

This work is organized in six chapters as follows: 

 Chapter 2 discusses the main concepts that compose the foundation of our 

work. Among them are concepts related to DDE, ontology, PDMS, query 

reformulation, IQ and the SPEED system; 

 Chapter 3 details the state of the art in the problems that come up with query 

reformulation and the approaches the authors had proposed to deal with the 

problems; 

 Chapter 4 presents and specifies our analysis to the reformulated query using 

IQ criteria and also shows examples of its application; 

 Chapter 5 gives the details of our implementation as well as the 

experimentation and results in the running environment SPEED; 

 Chapter 6 concludes the work and discusses the contributions and some future 

works. 
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CHAPTER 2 

 

“All men by nature desire knowledge.” 

Aristotle 

Background Definitions 

 

Our main objective in this chapter is to present the concepts related to dynamic 

distributed environments and, particularly, to PDMS. We review some subjects 

inherent for this work such as ontology, query reformulation, query degradation, 

information quality, SemMatcher and query reformulation on SPEED. 

This chapter is organized as follows: Section 2.1 introduces dynamic distributed 

environments; Section 2.2 gives a brief view of ontology; Section 2.3 explains peer data 

management systems; Section 2.4 describes the query reformulation process; Section 

2.5 discusses information quality; Section 2.6 explain the semantic matching and query 

reformulation on our running PDMS, the SPEED system; Finally, Section 2.7 points out 

some considerations. 

2.1. Dynamic Distributed Environments 

A Dynamic Distributed Environment (DDE) can provide users with query capabilities 

over a set of heterogeneous and autonomous data sources [Souza et al. 2012]. A DDE 

is a distributed environment with the main feature of being dynamic. By the term 

dynamic, we mean the system may change at any time. As an example of such 

changes, Lynch & Shvartsman [2003] have listed the following behaviors: a 

participating data source (peer) can leave and join the network at any time; a data 

source can change its shared information and/or its logical/physical location; the 

computational performance of a data source may change; the network topology can 

change and the network may fail and suffer timing variations.  

 As examples of DDE we can mention Data Integration Systems [Halevy et al. 

2006], Peer Data Management Systems [Herschel & Heese 2005] and Dataspaces 

[Franklin et al. 2005]. A PDMS are composed by peers that belong to a specific domain 

and are linked to each other by mappings (responsible for connecting semantic related 

peers and make information exchange feasible).  
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The conception and implementation of dynamic distributed environments is a 

non-trivial problem. In practice, substantial effort is required to make applications 

resilient to changes (in logical and physical settings) and to manage system evolution, 

for instance, schema evolution [Curino et al. 2008]. 

 In this work, we explore the IQ analysis during query reformulation in a Peer 

Data Management System (PDMS). The experiments and tests of our analysis are 

executed in an existent PDMS environment, the SPEED system [Pires 2009]. In Section 

2.3 we discuss the essential aspects of PDMS. 

2.2. Ontology 

The SPEED system makes use of ontologies to represent its peers’ exported schema in 

order to share information. In the literature, there are many definitions to the term 

ontology. The most known definition in the Computer Science field is the one provided 

by Gruber [Gruber 1993] “ontology is an explicit specification of a conceptualization”. 

Ontologies define a common and structured vocabulary for information exchange 

[Russell & Norvig, 1995]. They are also known as a database domain knowledge [Noy &  

McGuinness 2001]. 

 Ontologies are common on the Web, serving for different purposes such as 

data source description, disambiguation between terms and knowledge inference. 

Some of the reasons of ontology building are [Noy & McGuinness 2001]: 

 To share common knowledge among people or software agents; 

 To reuse domain knowledge; 

 To analyze domain knowledge. 

Sharing common knowledge can be used if, for example, a set of different data 

source make use of the same data described by the ontology. Then, users or artificial 

agents can retrieve and integrate information from these different data sources. For 

instance, users of an application can get information from the data sources which 

consume data from the ontology that shares its knowledge among other data sources. 

Reusing domain knowledge is one of the main characteristics of ontology 

building. For example, if an animal museum has all descriptions of its collection of 

exposing animals described by an ontology, other museums interested in animal can 

make use (reuse) of these information without necessarily building his own animal 

ontology. 

Analyzing domain knowledge is required for a formal analysis of terms 

established in certain domain knowledge. When building an ontology is desirable that 

only well established terms be part of the ontology, i.e., only terms that are well 

known in the specific domain. 
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An ontology’s structure is composed by concepts. The main entities can be 

represented by attributes and relationships with other concepts in the domain, for 

example, the concept Paper may have a relationship with the concept Journal Paper. 

Examples of those relationships can be “subconcept” and “superconcept”, “part of”, 

“close of” [Souza  2009], “equivalence”, and “aggregation”. Figure 1 illustrates a basic 

ontology structure. 

 

 

 

 

 

 

 

 

Due to different types of peers data model representation and the semantics 

expressed by them, some efforts were made to use ontologies as peers’ schema in a 

PDMS [Guarino 1998, Xiao 2006, Li et al. 2011]. The Ontology Web Language (OWL) is 

a format that facilitates the machine interpretability of the content expressed by a 

data source [W3C, 2004]. In an OWL representation we can describe properties, 

cardinality, classes and relationships such as: subconcept, disjointness. In our PDMS 

SPEED the peers’ exported schemas are represented in OWL and RDF (Resource 

Description Framework) [W3C, 2004b]. Xiao [2006] introduces a new definition for the 

blending of a PDMS with ontologies which have as key purpose the peers’ schema 

representation in a uniform notation. This kind of system is called Ontology-based Peer 

Data Management System (OPDMS). 

2.3. Peer Data Management System 

Peer Data Management Systems (PDMS) are systems that rely on a P2P architecture 

[Barkai 2000] for data management and information exchange. In that way, these 

systems inherit some of P2P characteristics as: high scalability, dynamicity and central 

point absence. They provide users with query capabilities over data distributed in 

heterogeneous and autonomous peers. One of the main architectural characteristics of 

a PDMS is the absence of a global schema used for minimizing the heterogeneity 

among peers. In these systems though, the schema heterogeneity is overcome by 

Figure 1 A basic ontology structure. 
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mappings between pairs of peers. PDMS are also considered the evolution of data 

integration systems [Heese et al. 2005].  

 The primary difference between a PDMS and a data integration system is that 

the latter depends on a dedicated node that offers a global view on all participating 

peers’ schema. In contrast, in a PDMS there is not a global schema: each peer has its 

own schema and one or more mappings to the neighbors’ schema. 

With respect to data management, PDMS should cover the following aspects 

[Sung 2005]: 

 Data localization: peers should be able to identify and localize data 

stored by other peers; 

 Query processing: when a query is posed to a peer, the system should 

be capable of finding other peers that may contribute with relevant 

information to the query result; 

 Data integration: Once the query is sent to the peers that can contribute 

to the query result, the data retrieved from each peer must be 

integrated and returned to the user. Even if the peers have a different 

schema; 

 Data consistency: in case of replication or cache use, the consistency of 

replicated data should be preserved with respect to the data stored into 

the peer. 

Figure 2 illustrates an example of a PDMS for medication logistics. Each peer is 

interconnected with each other by means of semantic mappings (arrows). They are 

used for information exchange among peer in the query processing phase. Peers 

should be able to decide to which neighbor peers it will send the query in order to 

obtain more results. This task is performed by the query routing mechanism and has 

some investigation works in the literature [Freire et al. 2012, Ismail et al. 2010]. 

Ontologies are used in PDMS as schema representation and also to improve 

some processes such as query answering by retrieving more results due to semantic 

correspondences established between two ontologies [Pires et al. 2009]; semantic 

peer clustering by selecting and grouping peers semantically related [Pires 2009] and 

semantic query routing by choosing and forwarding a query only to relevant peers 

[Freire 2012]. 
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In a PDMS there is a key process that deserves special attention: the query 

reformulation. This process deals with the process of reformulating a query over a set 

of heterogeneous neighbor peers’ schema. Thereby, the query reformulation process 

is vulnerable to semantic losses and query degradation and one of the focuses of this 

work is to provide IQ measures to represent these problems in a PDMS.  

In the next section, we discuss query reformulation and see an example of the 

process. 

2.4. Query Reformulation 

Traditionally, query reformulation is implemented in distributed environments by the 

use of a mediator responsible for decomposing the queries posed in the global 

schema. Then, the decomposed queries are sent to various data sources distributed 

over the network.  

 However, in a particular kind of system called P2P systems, this global 

component might be, eventually, a bottleneck centralizing the query processing. In a 

PDMS that relies on a P2P architecture, peers are interconnected through semantic 

correspondences and there is no global component. The semantic correspondences 

are associations between the same concepts shared by a pair of peers. They are 

generated by the identification of correspondences between peers’ schema. A simple 

example of correspondence (see Figure 3) is the one expressing that the concept 

Firefighter from schema S1 is equivalent to the concept Firewarrior in schema S2. 

 

 

 

Figure 2 An example of PDMS for medication logistics [Hose et al. 2008]. 
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Figure 4 depicts two hypothetical peers’ schema representing information from 

a hospital domain. Looking at both schemas, let us suppose that there are two 

semantic equivalent concepts, called Bed. We can also suppose that the other 

concepts are equivalent in the real world, but are represented differently in the 

schemas (e.g., Patient and User). In a PDMS a matching process may be executed 

when a peer enters the system. This process is responsible for identifying similarities 

between concepts or attributes of a peer schema (Figure 4). In this work, the peers 

schema will be represented as ontologies and the matching process is only between 

concepts because of three reasons: (i) in our analysis we are only interested in provide 

IQ measures from query concept level (ii) our analysis uses the semantic reformulation 

module called SemRef [Souza 2009] which is focused on the query concepts and (iii) 

the version of our semantic matching tool (SemMatcher [Pires 2009]) used by the 

system is prepared to match schema concepts. Figure 5 shows the matching result 

between the concepts and attributes from the ontologies. By this means, the system 

can read two exported peers’ schema and infer that the relation Patient in peer P1 is 

equivalent to User in peer P2. This is done according to a background knowledge (a 

domain ontology) which has a set of concepts and its relationships from the given 

domain [Souza et al. 2009]. In the same sense, we can apply this to Employee in peer 

P1 with Worker in peer P2. When the matching process ends the output is a set of 

equivalent correspondences (≡), or other type of correspondences generated between 

each pair of concepts. This process could be semantically enriched by making use of 

other semantic correspondences (subconcept, superconcept, closeto and part 

of/wholeof) discussed in Chapter 3 [Souza 2009]. 

 

 

 

 

 

 

Figure 3 A simple example of correspondence between ontologies. 

Figure 4 Two peers’ schema. 
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                       Figure 5 A matching result between two schemas. 

Once the correspondences between pair of peers are generated, the peers are 

able to reformulate queries amongst them. In the query reformulation process the 

following steps should be accomplished: 

 User submits the query in a peer; 

 The query is processed to locally retrieve data; 

 The system identifies semantically relevant neighbor peers to forward 

the query to; 

 The system reformulates the query according  to the schema of 

neighbor peers; 

 The query results are integrated and showed to the user. 

By this means, the query reformulation is the process of reformulating a query 

between different schemas according to a model (exported schema). One desirable 

characteristic of query reformulation is to maintain the query semantics at the best 

possible, i.e., expressing the original query meaning. 

In the process of building a PDMS we have to choose how the network topology 

will be. This selection affects directly the query reformulation process. Likewise P2P 

systems, PDMS inherits some of its topologies such as pure unstructured [Lv et al. 

2002], where peers are connected to each other in a random graph manner. Flooding 

is the main mechanism to locate and retrieve shared content among peers. This 

topology affects the reformulation process because the peers do not know the 

information shared by its neighbor, thus implying in non expected query answers. 

Other topology is the pure structured [Stoica et al. 2001] where peers are connected 

with each other and in the overlay a Distributed Hash Table (DHT) is used to find the 

relationship between content name and content location. This topology affects the 

reformulation process in a positive way once the DHT helps the location of relevant 
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peers. There is also the super-peer topology [Yang & Garcia-Molina 2003] where 

dedicated and powerful peers (super-peers) behave as servers for other peers 

providing complex tasks such as query reformulation, semantic load balancing [Souza 

2012c] and data integration. This topology affects the reformulation process because 

super peers can store some semantic information about its clusters facilitating the 

selection of relevant peers. 

Let’s see in a practical way the query reformulation process depicted in Figure 

6. There are, four peers connected through mappings (arrows) and each peer exports 

its schema (dashed rectangles with a set of concepts inside). Between them there is a 

reformulated version of a query (dotted arrows). In this illustration, a query QB is 

posed by the user in peer Brazil asking for its all shared concepts. 

QB <- Professor, Student, Coordinator, Principal, Staff 

 Then, peer P1 processes the query QB locally, but in order to retrieve more 

results it has to forward the query QB to its neighbor peers. So, the query routing 

mechanism identifies the best possible path among semantic peers to forward the 

query QB. Only the peer Portugal is identified, because it is the only neighbor of the 

peer Brazil. The query QB is reformulated to query Q1 through the set of  

 

Figure 6 Query reformulation in a PDMS, adapted from [Souza 2009]. 

correspondences CoB_P in accordance with Portugal peer schema. The set of 

correspondences CoB_P has the following match concepts: 

CoB_P <- Brazil.Professor ≡ Portugal.Professor 

 Brazil.Student ≡ Portugal.Student 

 Brazil.Principal ≡ Portugal.Director 
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 Brazil.Staff ≡ Portugal.Staff 

The reformulated query Q1 has the following concepts: 

Q1<- Professor, Student, Director, Staff 

  This process of reformulating a query to a neighbor peer is done for many 

peers in the network until a threshold (or a halt criterion) is reached. At the end of the 

routing process the results obtained from all visited peers (Portugal, France and 

Germany) are integrated with the results from peer Brazil and then returned to the 

user. 

A reformulated query between peer Brazil and peer Portugal can be incomplete 

due to the lack of concepts held by peer Portugal. For example, if a user poses any 

query including the concept Coordinator the peer Portugal will be unable to provide 

any answer to this concept since Coordinator is absent in its schema.  

It is important to mention that there are some issues that contribute 

significantly for an inefficient query reformulation process: peers’ unavailability, due to 

the customary peer’s behavior of entering and leaving the network at any moment; 

incomplete answers, due to the inherent nature of non-exhaustive searches on PDMS 

[Crespo & Garcia-Molina 2003]; high peer response time, due to problems in the 

network connection when forwarding the user’s query; peer schema inconsistencies, 

due to imprecise or erroneous matching process [Bonifati et al. 2010].   

One important point to mention here is that during query reformulation, the 

query may have a degradation level due to many reformulations over heterogeneous 

peers’ schemas. The query degradation problem will be discussed in Chapter 3.  

2.5. Information Quality 

Information is omnipresent in every situation of our world. People use them from the 

easiest decision making process to the most difficult ones. The Information Quality (IQ) 

is a crucial factor in choosing the best or even suitable information for that moment 

mainly in the decision making context [Azary & Kopak, 2010]. 

 

 As information grows rapidly in digital era, the data sources (peers), the query 

answering and the query reformulation IQ assessment have attracted much attention 

in the last decade [Lohr 2012]. There are three reasons for such attention: (i) the huge 

growth in the number of data sources on the web; (ii) the quality of results provided by 

those data sources and (iii) the accessibility of those data sources by distinct types of 

consumers [Azary & Kopak, 2010]. Due to the incessant growing, many of those data 

sources may have either dubious or erroneous information. This can lead to the need 

of the analysis of the IQ provided from such data sources.   
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In order to comprehend more about quality it is important to distinguish 

between two terms used in the literature information quality and data quality. 

Therefore, sometimes, the authors use both names as synonyms. IQ is a term used for 

describe the quality of any element or content of an information system, not only the 

data as data quality does [Wang & Strong, 1996].  For our work, however, we will use 

the term IQ which can be applied to any element in the system. 

 

 The quality has become a key aspect in many companies and information 

systems. IQ is usually characterized with a set of criteria for indicating the quality 

degree of information obtained by a system. These criteria compose a 

multidimensional aspect and the role of each one is to evaluate and measure an aspect 

of information [Angeles & MacKinnon, 2005]. Another definition made by [Nurse et al. 

2011] is about IQ viewed as the measure of how a particular information is good for 

use by the user (“fitness for use”). This notion of fitness for use has come into light by 

Wang and Strong [1996] and is used in some other works [Yeganeh et al. 2009, Knight 

& Burn, 2005, Bovee et al. 2003, Shanks & Corbitt, 1999]. 

 

One of the best known quality criteria classifications are presented by Wang and 

Strong [1996]. They have conceived one of the first set of structured and classified 

quality criteria which has been a strong reference for most of the studies later in this 

area. They empirically identified fifteen criteria. Some of the IQ criteria proposed by 

[Wang & Strong 1996] can be used, for example, in PDMS environments. 

 

In order to show how these criteria compiled by Wang and Strong [1996] are still 

important we brief discuss some recent works. The work of Yeganeh and his group 

[2009] presents a methodology to improve query answers in a collaborative system. 

The authors make use of some quality criteria such as completeness, consistency, 

currency and accuracy. They are together computed to provide a data source’s IQ 

measure. In the same sense, the authors in [Berti-Équille et al. 2011] made an 

assessment and analysis of IQ on two different information systems: a Health Care and 

a Customer Relationship Management (CRM). Some of the criteria used were density, 

coverage and response time. The authors in [Souza et al. 2012] present a possible way 

of assessment of a peer information completeness using two IQ criteria: data 

completeness and schema completeness. These IQ criteria are dynamically computed 

and provide ways to analyze the query reformulation between peers.  

 

In a PDMS system the IQ assessment can be computed dynamically in some of 

the elements of the system. These elements are peers, peer schema, correspondences, 

data and query answer [Freire et al. 2012b]. With respect to query answer, the IQ 

assessment not only depends on the IQ provided from a particular peer, but also on 
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the quality of the correspondences between neighbors peers [Yatskevich et al. 2011]. 

Particularly, regarding the IQ of query answer, peers that contribute with answers may 

store data of poor quality, and data may be outdated, erroneous, of dubious origin or 

incomplete [Nurse et al., 2011].  

 

In our work, we have chosen IQ to assess the quality of the reformulated query 

because it has been used in many works related to PDMS [Zaihrayeu 2006, Montanelli 

et al. 2010, Kantere et al. 2009, Zhao 2009, Karnstedt et al. 2008] and Data Integration 

Systems [Batista 2008] and has shown to be a reliable measure to compare and 

represent the system element’s quality. Accordingly with Keeney and Raiffa [1976], a 

measure is defined as a relation associating the attribute-level distributions of real-

world entities or processes with numbers. We define a measurement as a score value 

characterizing a particular IQ criteria in an objective way. In the next section we discuss 

about Information Quality in Peer Data Management Systems. 

2.5.1. IQ in PDMS 

In a PDMS, there are (at least) three kinds of runtime factors, which influence the 

answer to a given user query, and which also influence the quality of query answers 

[Giunchiglia & Zaihrayeu, 2002; Zaihrayeu 2006]: 

 Network variance: peers may change the data of their sources, change their 

schemas, redefine mappings, and new peers may join or leave the system at 

any time. Thus, the same query submitted to a given peer, but at different 

times, may yield different answers with different quality. 

 Peer variance: peers may connect to different peers or groups of peers every 

time they enter the network. Therefore, the same query submitted at the same 

time but, by different peers, will result in different query propagation graphs. 

Consequently, the query results may be either different or with different 

quality. 

 Query  variance: the same query from two different peers submitted to the 

same target peer and at the same time may result in different query 

reformulations, and, thereby, may produce different results and with different 

quality. 

The majority of PDMS approaches route and reformulate queries without 

evaluate IQ aspects neither of the mappings nor of the schemas. Mappings in PDMS 

may be defined by means of views, when dealing with view-based query 

reformulation, or by means of correspondences between peer schemas elements, 

when dealing with query reformulation as a transformation of source concepts to 

target ones [Souza et al. 2009]. Usually, these mappings (or correspondences) are 

determined between pairs of peers which have been semantically grouped. Due to 

heterogeneity, sometimes, concepts from a given peer may not have exact 
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corresponding concepts in a target one. Nevertheless, these peer schemas (or 

ontologies) usually overlap at some semantic degree, i.e., they can be linked together 

in order to enable exchange of their knowledge.  

A considerable number of PDMS approaches have pointed out the need of 

gathering and evaluating IQ criteria in order to improve their services [Montanelli et al. 

2010, Kantere et al. 2009, Zhao 2009, Karnstedt et al. 2008]. Indeed, high quality level 

of query answering has been considered as a promising way that data can be 

exchanged among the peers preserving (at the best possible level of approximation) 

their soundness (correctness) and completeness [Giunchiglia & Zaihrayeu 2002]. As a 

matter of fact, the query routing services may be able to rank the peers that can better 

contribute to a given query, according to IQ scores [Kantere et al. 2009]. The authors in 

[Freire et al. 2012b] have classified a PDMS into five main elements: the peer, the peer 

schema/ontology, the mappings/correspondences, the data and the query answer. In 

addition, they have also put some IQ criteria together for each of the PDMS elements. 

These IQ criteria have been used in some works [Kantere et al. 2009, Giunchiglia & 

Zaihrayeu 2002, Batista 2008] and their results are related to the IQ provided from 

each PDMS’s element. The purpose of each criterion is to evaluate the respective 

PDMS element. Table 1 presents the elements and its set of criteria. 

     Table 1 PDMS’ elements and corresponding criteria [Freire 2012b]. 

PDMS Elements IQ Criteria 

Peer Availability 

Reputation  

Access frequency 

Peer Schema/Ontology 

elements 

Completeness 

Representational 

Consistency 

Minimality 

Mappings/Correspondences  Confidence 

Relevancy 

Data Timeliness 

Freshness 

Trust 

Relevancy 

Query answer Completeness 

Accuracy 

Relevancy   

 

The Peer element represents an autonomous data source that exports its entire 

data schema or only a portion of it. Each peer expresses and answers queries based on 

its exported schema. Regarding the Peer element, there are three IQ criteria that 

should be taken into account: 
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 Availability: concerns the verification of how often a data source itself is 
commonly available (and not only its schema). Since a peer may join and leave 
the network at any time, it is rather relevant to measure the degree of 
availability of a peer in a given time interval. 

 Reputation:  Wang & Strong [1996] defines reputation as “the extent to which 
data are highly regarded in terms of their source or content”. Thus, it concerns 
the degree to which the information of a source is in high standing.  

 Access frequency: represents how often a peer is accessed in a given time 

interval. 

When a peer joins a PDMS, it exports its schema usually using a common 

unified notation. As mentioned in Section 2.2, in OPDMS, ontologies are used as peer 

schema representation. Thus, the Peer Schema or Peer Ontology elements represent 

the set of concepts shared by each peer, i.e., the shared knowledge provided by a peer 

to a PDMS. Regarding the Peer Schema/Ontology elements, there are some IQ criteria 

that should be considered, as follows: 

 Completeness: the degree to which entities and properties of the peer are not 
missing in the schema. The more data and knowledge a peer provides through its 
schema/ontology the more attractive it is to users. 

 Minimality: indicates the degree in which the peer schema is modeled compactly 
and without redundancies. In other words, the peer schema must be as precise 
and correct as possible. 

 Representational Consistency: is the “extent to which data are always presented in 
the same format and are compatible with previous similar data” [Wang & Strong 
1996]. In a PDMS which uses some kind of reference vocabulary (e.g., a domain 
ontology), it concerns the consistency of a schema in terms of such reference 
vocabulary. 

Mappings or correspondences represent associations between Peer 

Schema/Ontology elements. In a PDMS, they are the basis for query reformulation. 

There are some IQ criteria that can be used related to mappings/correspondences: 

 Relevancy: refers to how often a given mapping/correspondence has been used in 
a set of query reformulations during some time interval. 

 Confidence: refers to the level of trust (or confidence) that has been associated to 
the mapping/correspondence at its creation time. 

The Data element represents the data which are stored in the peers.  Defined 
IQ related to Data refers to the stored data. They are defined as follows:  

 Timeliness: refers to the data update frequency, i.e., how often data changes in a 
source. 

 Freshness: represents the time passed from the last data update to the current 
access date.  

 Trust: regards the data trustworthy. 
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 Relevancy: refers to the suitability of data to queries submitted by users.  This 
criterion is subjective and user-dependent, since only the user can determine 
whether something is relevant to him/her or not.   

The Query answer element represents the system's answers to queries 

submitted by the users.  In dynamic distributed settings such as PDMS, answers to user 

queries, in most of the cases, are not supposed to be complete. However, the answers 

shall be as close as possible to users’ needs, and they also shall reflect the current 

status of the environment. There are some IQ criteria related to query answer that can 

be taken into account, as follows: 

 Completeness: due to dynamicity, query answers in a PDMS may not be complete, 
which requires the knowledge of the total amount of data in the system and relies 
on the closed world assumption. Instead, peer schemas in the set of available 
peers have an open-world assumption [Tatarinov & Halevy 2004], i.e., the data 
returned by querying these peer schemas may be incomplete. In this light, 
completeness in PDMS may be defined as the ratio between received results and 
the existing suitable data belonging to the available peers at query answering 
time. 

 Accuracy: refers to the degree to which answers to user queries (that are 
submitted in a PDMS and are reformulated according to existing 
mappings/correspondences) conform to the user requirements relating to 
information precision. Query answers are supposed to be correct, reliable and 
certified free of error. Nevertheless, sometimes, query answers which are not an 
exact match, but a close match to the requirements specified at query submission 
time, can still serve the purpose of users. 

 Relevancy: refers to the degree to which data are applicable and helpful for the 
current query. 

These groups of criteria show us the dimension of a possible analysis in a PDMS 
and enhance the importance of IQ assessment in such environment. 

 

2.6. Query Processing on SPEED 

It is important to understand some concepts related to the query processing in our 

running setting SPEED1 [Pires 2009]. These concepts concern the measures provided by 

the analysis of our IQ criteria. Two topics of query processing will be discussed: the 

generating of semantic correspondences between peer schemas and the query 

reformulation process. The first one is the initial step a peer undergoes when join the 

system and establishes a semantic correspondence with semantic related neighbors 

peers. The latter is related to how the query reformulation works when a query is 

posed at a peer. 

 

                                                           
1
 http://www.cin.ufpe.br/~speed/index.php 



19 
 

2.6.1. Semantic Correspondences Between Peer Schemas 

Semantic correspondences are relationships between concepts or properties from two 

peer schemas. In SPEED, peers are grouped in the same domain of knowledge (e.g. 

Education, Health) and an ontology describing the domain is available as background 

knowledge (Domain Ontology). The semantic correspondences between two peers are 

established to support a common understanding of these peers [Souza 2009]. The 

correspondences are determined between a pair of peers that were previously 

semantically related by means of a clustering process. 

 As stated in [Souza 2009], {C} = {Cij} i <> j, denotes a set of semantic 

correspondences between a source ontology (Oi) and a target ontology (Oj). There may 

have incompatible terminologies between these two ontologies. To solve this problem 

a terminological normalization is made in order to put them in a common 

representation for computation of the similarities. In this sense, Oi and Oj were put in a 

uniform representation, i.e., the element names from Oi e Oj have been adjusted to 

suit the element names found in the Domain Ontology. The Domain Ontology (DO) is 

composed by the concepts and properties from a particular domain knowledge and we 

particularly make use of them to identify differences or similarities between peers’ 

ontologies. Actually, we make an ontological comparison (semantic matching) 

between concepts or properties from the ontologies of the peers for the sake of 

inferring semantic relationships among them. 

The semantic matcher (SemMatcher) [Pires et al., 2009] considers domain 

ontologies (DO) as reliable references that are made available on the Web. It uses the 

DO in order to bridge the conceptual differences or similarities between two peer 

schemas represented by ontologies. SPEED is a PDMS based on ontologies to share 

information between peers and also to cluster peers into semantic groups. When a 

peer enters the network it exports its schema in order to be included in the right 

cluster and starts to share information through semantic correspondences. 

Considering that x and y are elements (concepts or properties) of the 

ontologies O1 and O2, the SemMatcher approach considers seven types of semantic 

correspondences between elements [Pires et al. 2009; Souza 2009]: 

 isEquivalentTo, denoted as O1:x  O2:y; 

 isSubConceptOf, denoted as O1:x   O2:y; 

 isSuperConceptOf, denoted as O1:x   O2:y; 

 isPartOf, denoted as O1:x   O2:y; 

 isWholeOf, denoted as O1:x   O2:y; 

 isCloseTo, denoted as O1:x  O2:y; 

 isDisjointWith, denoted as O1:x  O2:y. 
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The SemMatcher approach brings together a combination of already defined 

matching strategies (Euzenat & Shvaiko, 2007). A linguistic-structural matcher and a 

semantic matcher are executed in parallel. The former may be any existing matching 

tool including linguistic and/or structural matchers, e.g., H-Match (Castano et al., 

2006). The latter uses the domain ontology (DO) as background knowledge and 

identifies the seven kinds of semantic correspondences. The obtained similarity values 

of both matchers are combined through a weighted average. Each matcher receives a 

particular weight according to its importance for the matching process, as follows: 

isEquivalentTo (1.0), isSubConceptOf (0.8), isSuperConceptOf (0.5), isCloseTo (0.3), 

isPartOf (0.1), isWholeOf (0.1), and isDisjointWith (0.0). The weights reflect the degree 

of closeness between the correspondence elements, from the strongest relationship 

(equivalence) to the weakest one (disjointness). We call this weights of similarity 

degree between two concepts C1 and C2 (Sim(C1, C2)). 

Figure 7 illustrates an example of how the author [Souza 2009] uses the DO for 

specifying semantic correspondences between ontologies O1 and O2. In the figure, O1:x 

has an equivalence relationship (denoted as ≡) with DO:k and O2:y has an equivalence 

relationship with DO:z. As the element “k” is subconcept of “z” in the DO, it is possible 

to infer that the same relationship occurs between “x” and “y”. Then, the system 

express that O1 : x is subconcept of O2 :y. 

 

 

 

 

 

 

 

 

To illustrate each type of semantic correspondences we take into consideration 

the scenario depicted by Figure 8 regarding electronic devices. Figure 9 illustrates the 

exemplifying ontologies [Souza 2009]. In that scenario if 

O1: PC ≡ DO : PC and 

 O2 : PersonalComputer ≡ DO : PC, then 

 O1: PC  O2 : PersonalComputer.  

Figure 7 A DO specifying semantic correspondences [Souza 2009]. 
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In other words, they are equivalents concepts. 

The subconcept correspondence means that a concept or property “x” from O1 is 

less generic than its related concept or property “y” from O2, i.e., “x” is subconcept of 

“y”. In contrast, the superconcept correspondence means that “x” from O1 is more 

generic than “y” from O2, i.e., “x” is superconcept of “y”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supposing that: 

O2 : PersonalComputer ≡ DO : PC, 

O3 : EletronicDevice ≡ DO : EletronicDevice and 

DO : PC DO : EletronicDevice, then 

O2 : PersonalComputer  O3 : EletronicDevice. 

       Figure 8 A Domain Ontology for Electronic Devices [Souza 2009]. 

     Figure 9 Illustrative Ontologies [Souza 2009]. 
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In the same way if  

O1 : Computer ≡ DO : Computer and 

O2 : PersonalComputer ≡ DO : PC and 

DO : Computer   DO : PC, then 

O1 : Computer O2 : PersonalComputer. 

 The partof correspondence means that the element “x” from O1 is part or 

component of a related element “y” from O2, i.e., O1:x  O2:y . Moreover, the 

wholeof correspondence means that “x” from O1 is an aggregation (a composition) of 

“y” from O2, i.e., O1:x  O2:y. As example, we have, respectively, 

O3 : Keyboard ≡ DO : Keyboard, 

O1 : PC ≡ DO : PC and 

DO : Keyboard DO : PC, then 

O3 : Keyboard O1 : PC. 

And, 

O1 : Notebook ≡ DO : Notebook, 

O3 : Monitor ≡ DO : Monitor and 

DO : Notebook DO : Monitor, then 

O1 : Notebook O3 : Monitor. 

 Two elements are closeto if they belong to the same relevant context, i.e., they 

have a direct connection to its ancestral in the DO. In this sense, examples of 

semantically close elements defined over the same ancestral (ElectronicDevice in the 

DO) are monitor, mouse and keyboard. Examples of close concepts are:  

O3: ElectronicDevice ≡ DO : ElectronicDevice, 

O3 : Mouse ≡ DO : Mouse and 

DO : Mouse  DO : Keyboard, then 

O1 : Mouse  DO : Keyboard. 

 The last type of correspondence is disjointness what means a strong 

dissimilarity between the elements of the ontologies. This correspondence states that 
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two elements from O1: x and O2: y are disjoint if its corresponding elements in the DO 

“k” and “z”, respectively, have been defined as disjoint, i.e., “x” from O1 does not 

overlap “y” from O2. As an illustration of disjointness, consider the domain ontology 

illustrated in Figure 10. This ontology concerns organisms, such as animals, minerals 

and plants. 

 

 

 

 

 

 

 

 

Supposing the ontologies presented in Figure 11 are to be semantically matched 

and also the following disjoint axioms over the DO ontology: Animal  Mineral, 

Animal  Plant, Bird  Mammal, Mammal  Amphibian and Bird  Amphibian. It 

is possible to verify the following disjoint correspondence: 

O1: Animal ≡ DO : Animal and 

O2 : Plant ≡ DO : Plant and 

DO : Animal  DO : Plant, then 

O1 : Animal  O2 : Plant. 

In the same manner, other disjoint correspondences can be determined: 

O1: Mineral  O2 : Plant 

O1 : Bird  O2 : Mammal 

O1 : Mammal  O2 : Amphibian 

 

 

 

Figure 10 An Organisms' Domain Ontology [Souza 2009]. 
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It is important to mention that our work is not responsible for generating the 

semantic correspondences between pair of peers. This process is done by the 

SemMatcher [Pires et al. 2009] when the system is started. 

2.6.2. Query Reformulation on SPEED 

One point that differ SPEED from others PDMS is the query reformulation based on 

semantic correspondences. The SemRef mechanism [Souza 2009] is a semantic query 

reformulation module which uses semantics as a way to better deal with the loss of 

semantic concepts and suitable query answers to the user’s query.  Taking into account 

the explicit semantics expressed in the correspondences, we can, for example, enrich 

the query and provide users with more significant query answers [Souza 2009]. 

 In the query reformulation process not always a concept in a source peer will 

have an equivalent correspondence in the target one. Therefore, it is not possible to 

produce an exact reformulated query. However, in SPEED users can choose not to 

accept only exact results, but instead, they can agree on receiving approximate results, 

what is in most of the cases, a better option instead of getting empty results [Souza 

2009]. 

 To this end, SPEED allows users to formulate a query and decide whether the 

reformulated query will be an exact one or an enriched one. That reformulation will 

consider the set of semantic correspondences between the concepts from the source 

peer ontology and the target peer ontology. 

 With the set of correspondences discussed in the previous section, we now list 

some concepts related to the SemRef which are important to understand our later IQ 

criteria [Souza 2009]: 

 Query: Q is a query expressed over Pi’s schema which has one or more concept; 

 Query Concept: A concept Cn from a query Q is a representation for a 

conceptual grouping of similar terms. For example, a Vehicle could be 

Figure 11 Illustrative Ontologies [Souza 2009]. 
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represented as a concept which would have many sub-concepts such as Car 

and Truck. A query concept expresses the user’s need. 

 Original Query: A original query Q is the initial query posed at the source peer 

Pi; 

 Reformulated Query: A reformulated query Q’ is a query which has been 

reformulated from Pi’s schema to Pn’s schema; 

 Current Query: A current query Qn is a query which was sent from peer Pi and 

has arrived at its neighbor peer Pn. 

 Exact Reformulation: A reformulation Q’ from a query Q is an exact 

reformulation if each concept C’ from Q’ is related with a concept C from Q by 

means of a correspondence CO, where CO ϵ {≡} (equivalence); 

 Enriched Reformulation: A reformulation Q’ from a query Q is an enriched 

reformulation if each concept C’ from Q’ is related with a concept C from Q by 

means of a correspondence CO, where CO ϵ { ≡, , , , , ≈, ⊥ }. 

The exact reformulation considers the equivalent correspondences between 

ontologies, in other word, only exact results will be returned. For example, a query 

asks for the following concepts: Doctor and Hospital. In an exact reformulation only 

equivalent concepts related to Doctor and Hospital will be considered, i.e., concepts as 

Doctor itself, Hospital itself, Physician and Medical Center.  Otherwise, the enriched 

reformulation considers other types of correspondences choose by the user. Also, this 

type of reformulation implicitly considers the equivalence correspondence, i.e., two 

queries will be produced an exact reformulation and an enriched one. For example, 

the same query asking for Doctor and Hospital can be enriched considering extra 

semantic correspondences and take into account semantic related concepts such as: 

Nurse, Surgeon, Ambulatory and Clinic.  

SPEED has a set of enriching  variables to be used in the reformulated query. 

These enriching variables references some of the semantic correspondences 

introduced in the previous section. The user can choose which enriching variables will 

be taken into account during query reformulation. The enriching variables are: (1) 

Approximation, related to the semantic closeness relationship; (2) Specialization, 

related to the semantic subconcept relationship; (3) Generalization, related to the 

semantic superconcept relationship; and (4) Composition, related to the semantic 

aggregation relationship. Once one or more enriching variable are selected, the 

reformulation query will try to retrieve semantic concepts related to the query. 

The SPEED system maintains a RDF file containing the set of semantic 

correspondences, called alignment file, between two neighbor peers’ schema. This file 

describes the relationship between the terms from the peers schema, i.e., if the terms 

are equivalent, superconcept, subconcept, closeto or part of/wholeof to another 
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concept. For example, an excerpt of the alignment file for the pair of peers P1 and peer 

P2 is depicted in Figure 12.  

We can observe from this alignment file that for the concept Professor there is 

a set of related semantic superConcepts and one semantic subConcept. Considering 

our enriched reformulation, in addition to the equivalent relationship,  the 

relationships isSuperConceptOf and isSubConceptOf will also be captured during 

reformulation. 

<rdf:Description rdf:about="http://www.owl-
ontologies.com/Ontology1213367333.owl#Professor"> 
<j.0:isSuperConceptOf>http://www.owl-
ontologies.com/unnamed.owl#AssistantProfessor</j.0:isSuperConceptOf> 
<j.0:isSuperConceptOf>http://www.owl-
ontologies.com/unnamed.owl#VisitingProfessor</j.0:isSuperConceptOf> 
<j.0:isSuperConceptOf>http://www.owl-
ontologies.com/unnamed.owl#FullProfessor</j.0:isSuperConceptOf> 
<j.0:isSuperConceptOf>http://www.owl-
ontologies.com/unnamed.owl#Faculty</j.0:isSuperConceptOf> 
<j.0:isEquivalentTo>http://www.owl-
ontologies.com/unnamed.owl#Professor</j.0:isEquivalentTo> 
</rdf:Description> 

 

 

Even with a query reformulation considering these semantic correspondences, 

queries may retrieve either empty results or incomplete answers. This problem 

happens due to concepts present in one peer schema that are missing in another 

neighbor peer schema. If the reformulation continues along the network of peers the 

query will have a degradation. In contrast, if the query considers an enriched 

reformulation, the query will have an enrichment level, what means the query has 

gained other semantic concepts and possibly will not bring empty results.  

2.7. Concluding Remarks 

In this chapter, we provided a review of the basic and essential topics that are 

important to our work. We discussed concepts and characteristics of dynamic 

distributed environments, ontology, PDMS, query reformulation and Information 

Quality (IQ). In addition, we covered essential topics to the understanding of our 

running PDMS called SPEED. A dynamic distributed environment is a very complex 

system because it involves mechanisms as query reformulation and data integration  in 

a dynamic environment. A PDMS, the focus of our work, is an example of DDE and may 

suffer two problems: the semantic loss and query degradation during reformulation. 

Figure 12 An excerpt of the alignment between peers P1 and P2 for the concept Professor. 
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But also, in a semantic environment such as SPEED, the query can undergoes some 

enrichment by aggregating extra semantic related concepts during reformulation. 

 The next chapter explains the semantic loss problem and the query degradation 

problem during query reformulation as well as the approaches that deal with these 

problems. 
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CHAPTER 3 

 
“Sometimes life hits you in the head with a brick. 

Don’t lose faith.” 

Steve Jobs 

Semantic Loss and Query Degradation in 

Distributed Dynamic Environments 

 

This chapter describes the semantic loss and the query degradation problems during 

query reformulation. These concepts serve as basis for our IQ criteria analysis. In 

addition, this chapter reviews some works and presents some definitions related with 

the two topics. Finally, a table shows a comparison of the proposed approaches. 

This chapter is organized as follows: Section 3.1 explains the semantic loss 

problem; Section 3.2 explains the query degradation problem; Section 3.3 discusses 

some approaches that address the problem; Section 3.4 shows a comparative analysis 

among the approaches; Finally, Section 3.5 concludes the chapter. 

3.1. Semantic Loss   

The problem of semantic loss during query reformulation has been addressed in a few 

works [Delveroudis  & Lekeas 2007, Kantere et al. 2009], and in the context of 

information loss problem [Aberer et al. 2003, Roth et al. 2006, Mena et al. 2000].  

Usually, in a PDMS a peer reformulates a query to its neighbors which, in most 

of the cases, have a different schema. In this sense, the query may lose some of its 

significance, i.e., occurring loss of information from the original query to the 

reformulated query [Delveroudis  & Lekeas 2007]. As a result of this information loss, 

the query answer may be dissimilar with relation to what the user requested or may 

be an empty result. This problem is called semantic loss and is depicted in Figure 13.  

Figure 13 illustrates a pair of peers that share some common knowledge 

through their schemas, peer P1 and peer P2 have its schema represented in some data 

model structure. In this example, the data model structure has a set of concepts from 

a bike seller database represented inside the rectangles. There is also a set of 
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correspondences generated from a matching process. The query is expressed using 

keywords. 

 

 

 

 

 

 

 

            

      

     Figure 13 An example of semantic loss. 

A query Q (asking for concepts bikeName, bikeSize, bikeColor and bikeInfo) was 

posed in P1 and it is first executed in P1. Next, the query is reformulated in accordance 

with P2 schema, then a new query Q’ is sent to P2 including the set of concepts 

(bikeHeight, bikeColor). We can note from the original query that some concepts of Q 

as bikeName and bikeInfo are absent in P2 schema. This loss of information in the 

query reformulation from Q to Q’ is called semantic loss, i.e., the reformulated version 

does not cover all concepts requested by the original query. The semantic loss problem 

is a key issue in DDE because this kind of system relies mainly on query processing to 

provide information.  

It is important to point out that the semantic loss does not occur every time. If a 

peer Pj has the same schema of Pk with all equivalent concepts, there is no semantic 

loss in reformulating a query from Pj to Pk and vice versa. 

Some authors have contributed with definitions of semantic loss during query 

reformulation. Although some of them called the problem as query degradation or 

information loss, in fact, they have the same meaning. 

 In [Delveroudis  & Lekeas 2007], the authors define semantic loss as follows: 

“Let Q be a query on peer P1 and its reformulated version Q′ on peer P2. Let 
also Q′′ be a reformulation of Q′ on P1. We define the difference Q - Q′′ as the 
“semantic loss” of the original query Q when posed to P2.” 

The work of Aberer et al. [2003] states what follows: 

“A difference in the syntactic analysis between the original query and its 
reformulations is the potential information loss suffered by the query due to 
the transformations (reformulations) along mappings.” 
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And finally the work of Mena et.al. [2000] defines the following: 

“Loss of information can be expressed by the terminological difference 
between two expressions, the user query and its translations. The 
terminological difference between two expressions consists of those concepts 
of the first expression that are not subsumed by the second expression.” 

What we can acquire from these definitions is that semantic loss is about 

concepts present in the original query that are missing in the reformulated query due 

to reformulations over different peers’ schemas. The authors in [Delveroudis  & Lekeas 

2007] mention another way of tracking the semantic loss by comparing the way the 

original query (Q) and the reversed one (Q’’) are written. The query Q is posed at peer 

P1 and then, is reformulated to query Q’ at peer P2. The query Q’’ is a reformulation of 

Q’ back to peer P1, so called reversed query. By the syntactic differences between Q 

and Q’’ the semantic loss can be estimated.  

 The semantic loss problem is a type of loss that happens between a pair of 

peers. In the next section, we discuss another problem that occurs during query 

reformulation, the query degradation. 

3.2. Query Degradation 

As discussed in the previous section, due to the differences between peer schemas and 

the high number of reformulations, the query can undergo a process of semantic loss. 

Query degradation is the accumulated semantic losses suffered by a query caused by 

many reformulations over different peers’ schemas. In that way, query degradation is 

different from semantic loss, but some authors use both terms interchangeably 

[Aberer et al. 2003; Kantere et al. 2009; Mena et al. 2000].  

In the reformulation process between pairs of peers, the query may lose some 

of its concepts described in the original query and at the end of the reformulation 

process may retrieve results with low information quality, i.e., the successive semantic 

losses suffered by the query yields a high level of degradation. For example, the 

authors in [Kantere et al. 2009] state the following: 

“If the chain of peer mappings used for the rewriting is poor in information 
relevant to the query (i.e. query parts cannot be reformulated accurately), this 
can result in query degradation.” 

 The successive reformulations may decrease the information expressed by a 

query. In this context, query degradation is a problem that refers to the accumulated 

semantic losses suffered by a query during reformulation. To clarify matters, we now 

present again our bike seller database example in Figure 14. We have added one more 

peer to the reformulation process. The reformulated query Q’’ that reaches peer P3 

lost one concept causing another semantic loss (SL2 in short). Therefore, we can say 
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that the overall query degradation from peer P1 to peer P3 was the concepts lost 

(bikeName, bikeSize and bikeInfo) in both semantic losses (SL1 and SL2). 

In the next section we show some approaches on the problem of semantic loss 

that contributes with the query degradation problem. 

 

 

 

 

 

 

 

 

 

 

 

 

3.3. Approaches for Semantic Loss in Query Reformulation 

This section reviews some works related with the semantic loss during query 

reformulation in a DDE. Although some authors do not use the term semantic loss the 

approaches are somehow related to semantic loss. 

3.3.1. Semantic Loss Analysis by Query Syntactic Difference 

In [Delveroudis  & Lekeas 2007], the authors state the semantic loss problem in Peer 

Data Management Systems (PDMS). They also define how semantic loss occurs and 

give us a mechanism that tracks semantic loss in the system. Finally, they show an 

algorithm that addresses the problem of restoring the loss. 

The authors, in order to exemplify the semantic loss, take into account the 

PDMS of emergency services domain illustrated in Figure 15. This PDMS shows a set of 

peers connected by mappings (thin lines) with its schema represented by relations. 

As an example, if a user in 9DC node poses a query asking for Skilled Person the 

query should be, expressed in SQL, as follows: 

Figure 14 An example of query degradation. 
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Q: Select PID, skill 

From SkilledPerson 

Then, for the system to be able to retrieve more results, the query is 

reformulated and routed to its neighbor, in this case, peer H using the mapping 

between the 9DC and H schemas. The reformulated query is sent as a union since the 

relation Doctor and EMT in H schema are equivalent to SkilledPerson in 9DC schema: 

 Q′: Select SID, “Doctor” 

From Doctor 

UNION  

Select SID, “EMT” From 

         EMT 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is important to note that the query has lost part of its semantics due to the 

reformulation process. It has become more selective. Before the reformulation, the 

query Q asked for Skilled Person (a general concept that means any kind of 

professional person) and the reformulation Q’ asks for Doctor and EMT (Emergency 

Medical Technician) what means only two kinds of professionals. Next, the query 

Figure 15 A PDMS for emergency services [Delveroudis  & Lekeas 2007]. 
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needs to propagate further and may become more restrictive as query reformulation is 

executed to other peers in the network. For example, if the query Q’ continues to 

reformulate to the next neighbor which has a concept called firefighter (a kind of 

Skilled Person) it would not be found by the query Q’, because query Q’ neither asks 

for firefighter concept nor SkilledPerson. 

By means of a feedback mechanism, the semantic loss is tracked through 

translating the rewritten query back to its originating peer. As an example depicted in 

Figure 16, suppose that a query Q is initially submitted over peer P1 schema. Then the 

query is reformulated to Q’ over peer P2 schema. Let also Q’’ be a reformulation of Q’ 

from P2 to P1. The difference Q – Q’’ is the semantic loss of the original query Q when 

submitted to P2. Once they have detected the semantic loss, the authors propose to 

compare the queries (Q and Q’’) syntactically and the syntactic differences between 

them lead to estimate the semantic loss. Back to our example of query Q asking for 

Skilled Person and the reformulated version asking for Doctor and EMT, if the feedback 

mechanism is applied the reversed query Q’’ should be: 

Q’’: Select PID, skill 

From SkilledPerson 

                                              Where skill = “Doctor” OR skill = “EMT” 

 

 

 

 

 

 It is important to mention that Q’’ is the reformulation from Q’ at peer H to the 

peer 9DC. With the two versions of the same query (Q’ and Q’’) over the same schema 

the algorithm is executed to verify the syntactic differences between the two queries, 

what differs in the Where clause. 

Since the semantic loss is detected, an algorithm is set to replace such a loss by 

adding a new rule in the mapping that binds peer 9DC and peer H. Details about the 

algorithm can be found in [Delveroudis  et al. 2009]. 

 

 

 

Figure 16 An example of reversed query. 
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3.3.2. Semantic Loss in a Social PDMS 

The work of Bonifati et al. [2011] provides a “relevance” concept of a query with 

respect to a mapping based on a metric called AF-IMF (Atom Frequency – Inverse 

Mapping Frequency). This metric is an adaptation of the information retrieval metric 

TF-IDF (Term Frequency – Inverse Document Frequency) [Wu et al. 2008] and takes 

into account how essential is a query atom (i.e., a query concept) to a mapping in the 

whole group of mappings. The semantic proximity between the query and the 

mappings may lead to the creation of only relevant mappings and semantic loss 

minimization. 

The environment presented by the authors is called “social PDMS” which has a 

particular feature for discovering friendship among peers making use of a FOAF (Friend 

of a Friend) file describing their profile. For this reason, new relationships are acquired 

by peers and then, local mappings describing meaningful semantic relationships are 

created in order to connect those peers. Hence, the authors argue that semantic loss 

decreases if the reformulation is executed only to semantic peers that may contribute 

with the semantic of the query. 

 Therefore, to carry out query reformulation only to relevant peers the authors 

developed an algorithm that relies on the metric AF-IMF for computing mappings 

relevance. The algorithm works on a group of mapping rules on a given peer with 

respect to an input query with the purpose of getting an ordered list of relevant 

mappings to be exploited. The AF-IMF is calculated by taking each query atoms and 

storing them in two vectors. The next step is calculating the number of times that the 

query atom occurs in the mapping and so, getting a value of relevance. A high value of 

relevance of a query with respect to a mapping means less semantic loss during query 

reformulation. Otherwise, a high semantic loss may be faced. In addition, the authors 

also embody to the algorithm other features as finding relationship between peers 

making use of RDF files and gossiping techniques [Kermarrec & Van Steen 2007] to 

search relevant mappings. 

In order to clarify the approach used by the authors we show the example in 

Figure 16 [Bonifati et al. 2011]. 

Figure 17 depicts two types of query reformulation. The first one (a) is called a 

“useless rewriting” because the query is sent for all peers in the network and not 

always these peers contain information relevant to the users’ query. Thus, the query 

may suffer a set of semantic loss. 
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On the other hand, the relevant rewriting (b) is the most preferable kind of 

query rewriting because only semantic peers are reached. To estimate which peers are 

semantic related to the query the AF-IMF takes place. For example, when the user 

poses a query Q at peer p0, the AF-IMF algorithm calculates which mapping is more 

suitable (relevant) to the atoms (concepts) contained in query Q. In the example of 

Figure 17 (b) the AF-IMF metric provided a high semantic value for the mapping 

leading to p1, meaning that p1 is more semantic relevant than p4 and p5, i.e., the 

mapping that connects to p1 has more query atoms presented in the query Q. This 

calculation is done for all mappings in the network path and helps to minimize the 

semantic loss during query reformulation. 

3.3.3. Semantic Loss in GrouPeer 

In the GrouPeer system [Kantere et al. 2009, 2011], the authors propose a PDMS that 

minimizes query degradation by clustering semantically similar peers on the overlay. 

The authors argue that a semantic overlay organization helps the query to obtain 

results with high Information Quality. To clarify how important a semantic overlay 

organization is, the authors show the following example of an extreme case of poor 

overlay organization. 

Assume an overlay with three nodes successively acquainted in the following 
order: P1, P2, P3 with schemas S1, S2, S3, respectively. Peers P1 and P3 have the 
same schema, i.e., S1 ≡ S3. Also S2 is quite different than S1 and S3, such that a 
lot of relations and attributes of the latter cannot be mapped on S2. Queries by 
P1 reach P3 after they have been locally rewritten on S2. It is certain that most 
such queries cannot be completely rewritten on S2 and thus a semantic loss 
occurs when a reformulated version reaches P3, even though the latter has the 
missing requested information. These queries would be completely rewritten 
and answered, without any loss, if P1 and P3 were directly acquainted, in other 
words, if the overlay was organized semantically. 

Figure 17 a useless rewriting (a); relevant rewriting (b) [Bonifati et al. 2011]. 
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To help matters, the authors propose a clustering process composed by three 

steps: learning about remote peers; approximate query answering and mapping 

evolution. 

 Learning about remote peers: this step consists on the propagation of 

queries among peers in the overlay. The query posed in the source peer 

is reformulated on each neighbor peer according to the mappings until 

reaches the target peer. The two remote peers try to learn the schema 

of each other during the query propagation by the analysis of the query 

answers as depicted in Figure 18. The answer is sent back to the source 

peer which evaluates it and improve its knowledge about the remote 

peer thus, creating an initial mapping communication between them. 

 

 

 

 

 

 Approximate query answering: to improve the search for remote 

semantically peers this step propagates the reformulated version of a 

query along with the original query. This means that, the peers that 

have been reached during the query reformulation process may choose 

which query to answer, the original query or the reformulated one. To 

evaluate whether a peer should answer either the original query or the 

reformulated version, it makes use of an automatic schema-matching 

tool to match the concepts present in the query with the concepts 

contained in the peer schema. The aim of the technique is to find the 

most suitable approximate query version to be answered. 

 

 Mapping evolution: this step consists in the maintenance of the initial 

mappings already created in the first step. This means that any semantic 

change in the peer schema must be reflected in the mapping in a form 

of an adaptation to the new change. This process is made by user 

intervention. 

As a result of the clustering process, peers that have common interests ask to 

each other to become acquaintees (neighbors). After that, these new acquaintees can 

establish their communication on already semantically created mappings. By this 

means, a query issued in this new overlay organization has less probability of query 

degradation. 

Figure 18 Knowledge about a remote peer [Kantere et al. 2009]. 
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3.3.4. Other Approaches 

The Chatty Web system [Aberer et al. 2003] uses a syntactic and semantic similarity 

measure to verify the information loss level and relevant query reformulations. This 

approach is quite similar to the one presented in Section 3.3.1. They only use the 

original query and the reformulated query. The system tracks the syntactic similarity 

between these two queries in terms of attributes loss and derives a high or low 

syntactic similarity which implies that it might not be useful to forward the query to a 

peer. The syntactic similarity engine takes both queries and check if all concepts from 

the original query are present in the reformulated one, i.e., a quantitative measure. 

The semantic similarity is used to make sure that the preserved attributes in the 

reformulated query are indeed semantically related. These two measures will provide 

the evaluation of the quality of preserved attributes during query reformulation. To 

make this possible, they present two mechanisms called Cycle Analysis and Result 

Analysis. The first is based on the query reformulation fidelity, i.e., when a query 

enters a semantic domain, a semantic analysis between the schema of the peer that 

sends the query and the target peer schema is initiated. This semantic analysis 

assesses the similarity between the two peer’s schema concepts. The second is based 

on the analysis of the results given by the first mechanism. Then, by analyzing the 

results if the peers agree in its semantic schema level, thus they have the same data 

dependency. In other words, they have the same level of semantic, and queries in 

these schemas will suffer less or no semantic loss. 

The work of Mena et al. [2000] shows the importance of high semantic model 

to represent a peer schema. In another words, the use of ontologies to describe the 

underlying data given by a data source. But, even though, in such rich semantic 

environment, loss of information may happen during query reformulation over a set of 

shared ontologies. Then, to cope with that loss a terminological difference between 

the original query and the reformulated one is calculated straightforward by an 

extension of the DL (Description Logics) [Horrocks 2005] language used to model 

formal knowledge representation. By the use of DL language to query ontologies, the 

system calculates the difference between the terms in the reformulated query that are 

not in the original query. And then, chooses related terms from the domain ontology 

to replace in the reformulated query. Thus, turning the query more semantically close 

to the original query.  

3.4. Comparative Analysis 

The semantic loss is a key issue in not preserving the semantics of a query and 

contributes significantly to query degradation as a whole. In this section, we provide a 

brief comparison of the works we have previously presented considering some 
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characteristics as: type of environment; representation model; query language and the 

approach to deal with the semantic loss problem. 

The works of Delveroudis  & Lekeas [2007], Aberer et al. [2003] and Mena et al. 

[2000] are similar to each other in what concerns the analysis of syntactic difference 

(loss of concepts) between queries to estimate the semantic loss. In the first work 

[Delveroudis  & Lekeas 2007], the authors show an interesting approach for tracking 

semantic loss. However, they only consider a relational schema where SQL queries are 

applied. A rich semantic model (as ontologies) is preferable to carry out such 

experiment because this kind of model has more details about the schema and its 

concepts [Pereira et al. 2011].  The work of Aberer et al. [Aberer et al. 2003] concerns 

the meaning expressed by a reformulated query. That meaning is given by means of 

syntactic analysis. A semantic analysis should be considered in order to aggregate 

more significance to the evaluation of the reformulated query. The semantic analysis 

can be seen as supplementary information that can be relevant for the query analysis, 

e.g., context information, other types of semantic correspondences [Souza 2009; Pires 

2009]. The work of Mena et al. [Mena et al. 2000] makes use of ontologies to 

represent peer schema and shows the importance of rich semantic models to deal with 

semantic loss. As in the work of Aberer et.al. [2003] and Bonifati et al. [2011] the 

authors present a similarity measure between a query and the mappings. The authors 

highlight the significance of looking to the mappings between peers to verify their trust 

level of semantics, instead of only the schema shared by them. 

Table 2 Comparative analysis of approaches for the semantic loss problem. 

Paper Type of 
Environment 

Representation 
Model 

Approach 

Delveroudis  & 
Lekeas 2007 

[2007]. 

PDMS Relational Schema Syntactic difference 
between queries and 

addition of new 
mapping rules. 

Bonifati et al. 
[2011] 

PDMS Relational Schema Semantic proximity 
between the query and 
the mappings creating 

only relevant mappings 

Kantere et al. 
[2009, 2011]. 

PDMS Relational Schema Query answering 
analysis and overlay 

clustering of semantic 
peers 

Aberer et al. 
[2003]. 

PDMS/Semantic 
Web 

Relational Schema Syntactic and Semantic 
similarity measures 

between queries 

Mena et al. 
[2000]. 

Distributed 
Environments 

Ontology Terminological 
difference between 

queries based on 
missing terms 
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The work of Kantere and her group [Kantere et al. 2009; Kantere et al. 2011] is 

quite different from the other ones because the semantic loss is minimized by 

grouping semantic related peers on the overlay, instead of analysing differences 

between queries.  

Moreover, none of these works deal neither with Information Quality criteria for 

analyzing semantic loss. Our work will take into account Information Quality criteria in 

order to estimate and provide measures related to the loss and enrichment of 

concepts from the reformulated query. 

3.5. Concluding Remarks 

In this chapter, we discussed some approaches for dealing with semantic loss problems 

during query reformulation. We focused on semantic loss, a critical problem that fairly 

collaborates with query degradation. At the end, we presented a comparative analysis 

of approaches for the semantic loss problem proposed in the literature. 

 Most semantic loss approaches have primarily concentrated on analyzing 

syntactic differences between a query and the reformulated version. Also, some 

authors use the term query degradation and semantic loss as equals. We believe that 

in a DDE, such as PDMS, we can make use of IQ criteria to evaluate the semantic loss 

or the query enrichment during query reformulation process among peers. In Chapter 

4, we specify our contribution to the IQ criteria analysis during query reformulation 

and give our definition to the semantic loss problem. 
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CHAPTER 4 

 

“All difficult things have their origin in that which is easy, 

 and great things in that which are small.” 

Lao Tzu 

Information Quality Criteria for Query 

Reformulation Analysis 

 

We have seen in previous chapters that query reformulation is a key aspect in a 

Dynamic Distributed Environment (DDE), more specifically in a Peer Data Management 

Systems (PDMS). When query reformulation is done over a set of peers, it may occur a 

successive number of semantic losses as consequence of these reformulations.   

The main contribution of this work is the analysis and evaluation of Information 

Quality (IQ) criteria during query reformulation. The analysis involves the produced 

reformulated query. We give our definition to the semantic loss problem and the 

query degradation problem. We also specify four IQ criteria: the Query Loss Measure 

(QuLM), the Query Enrichment Measure (QuEM), the Accumulated Loss Measure 

(AccLM) and the Accumulated Enrichment Measure (AccEM). The two first criteria are 

intended to measure the query loss or query enrichment from the reformulated query. 

The two latter criteria are intended to get the accumulated query loss and enrichment 

in a query path.  

 This chapter covers the following content: Section 4.1 defines the query 

semantic loss and semantic enrichment; Section 4.2 shows the semantic loss measures 

formalization with the algorithms that implement their evaluation and an example of 

their application; Section 4.3 shows the semantic enrichment measures formalization 

with the algorithms that implement their assessment and an example of their 

application; Finally Section 4.4 concludes the chapter. 

 

 

 



41 
 

4.1. Semantic Loss and Semantic Enrichment in Query Reformulation 

The proposal of this work is to provide Information Quality (IQ) criteria measures 

based on the analysis of the reformulated query concepts during query reformulation 

process. As explained in previous chapters, the environment we are considering 

(SPEED) is composed by a set of heterogeneous autonomous peers which have been 

connected through correspondences generated by the SemMatcher [Pires et al. 2009]. 

These correspondences are created between pairs of peers’ exported schemas and 

provide the relationship similarity value between two concepts. In this perspective, the 

point we address is how to analyze the loss of concepts that may occur when a query is 

reformulated from a peer to its neighbor peers considering an exact reformulation. 

Another issue is how to analyze the query enrichment that may occur when a query is 

reformulated from a peer to its neighbor peers considering an enriched reformulation 

(with other extra semantic correspondences beyond equivalence, see Section 2.6.1). 

4.1.1. Exact Reformulation 

In an exact reformulation (see Section 2.6.2) only equivalent concepts will be taken 

into account and, if any of the query concepts is absent in the schema of the target 

peer, the reformulated query may have a semantic loss. For example, if the following 

query is issued Q = “Professor, Lecturer” (we are considering only query concepts, as 

explained in Section 2.4) the query reformulation will consider only the equivalent 

concepts of Professor and Lecturer found in the schema of the target peer. If the 

schema of the neighbor peers do not have concepts that are equivalent to these two 

concepts the query may suffer successive semantic losses and possibly ends up with 

high query degradation level. Based on the discussions of Chapter 3 we state our 

semantic loss definition as follows: 

“Semantic loss is the loss of concepts suffered by a query Q due to query 

reformulation over two neighbor peer schemas”. 

As a consequence of this loss, a user can have less query answers than 

expected or even empty results. In our environment, semantic loss happens between a 

pair of neighbor peers. So, if we have three peers connected as illustrated in Figure 19, 

the semantic loss (SL1 and SL2 in the figure) may occur two times. 

 

 

 

      Figure 19 Semantic loss occurrences. 
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 Semantic loss is part of a more general problem called query degradation. So, 

by this means, we state our query degradation definition as follows: 

“Given a query Q, the query degradation is an accumulated measure of 

semantic losses suffered by the query Q after successive reformulations over 

neighbor peer schemas”. 

In this sense, query degradation is the accumulated loss resulted of successive 

reformulations between pairs of peers in QD = {R1, R2, …, Rn} where Rn means each 

reformulation. Query degradation is a measure derived from a set of semantic losses 

suffered by the query. Figure 20 illustrates it. 

 

 

 

 

 

 

4.1.2. Enriched Reformulation 

In an enriched reformulation, the user can choose some extra semantic knowledge to 

adapt or expand the query in order to get more significant answers to his/her query. 

Souza  [Souza 2009] defines query enrichment as follows: 

 “Query enrichment is the process of analyzing an initial query expression in 

order to find out some extra semantic knowledge that can be added, so its 

result will provide expanded answers.” 

The SemMatcher tool [Pires et al. 2009] semantically compares the schemas 

exported by two peers and generates other types of correspondences beyond 

equivalence between concepts. In this sense, if the user chooses the enriched query, 

other extra semantic concepts can be taken into account according to the 

correspondence types (closeto, superconcept, subconcept, partof and wholeof) [Pires 

et al. 2009]. In this case, analyzing the query Q in Figure 21, the query engine can 

consider during reformulation the concept Professor as a closeto correspondence to 

Educator, in the same way, Teacher as a subconcept correspondence to Lecturer, as the 

reformulated query Q’ shows in Figure 21. 

 

 

Figure 20 Query degradation as accumulated semantic losses. 
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For every type of correspondence (equivalence, closeto, superconcept, 

subconcept, partof and wholeof), the SemMatcher tool [Pires et al. 2009] associates 

weights that were defined by Souza [Souza 2009]. They are used to represent the 

similarity degree of the relationship between two concepts. The original weights have 

been adjusted to get more significant semantic values in the information quality 

criteria computation. The semantic correspondences and their associated weights are 

defined as: 

 Equivalence: 1.0; 

 Subconcept:  0.8; 

 Superconcept:  0.5 

 Close To:  0.3; 

 Part of or whole of:  0.1. 

4.2. Semantic Loss Measures 

In order to estimate the semantic loss we present the IQ criterion Query Loss Measure 

(QuLM). This criterion calculates the loss of concepts from the reformulated query 

between a pair of peers taking into account the query concepts and the equivalent 

concepts found in the schema of the target peer. Also we have the IQ criterion 

Accumulated Loss Measure (AccLM) used to measure the accumulated loss in the 

query path. A path between several peers is illustrated in Figure 22. 

The query path is the route chosen by the query routing engine to send the 

query [Freire et al. 2012]. In the next sections we define and formalize our two IQ 

criteria for the semantic loss evaluation, show the algorithms that implement the 

criteria evaluation and give an example of an exact query reformulation. 

 

 

 

Figure 21 An example of query enrichment. 
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It is important to say that the computations of our IQ criteria will always consider 

the last reformulated query in every reformulation instead of the original query. This is 

done mainly because we want to provide IQ measures between pair of peers, i.e., how 

many semantic concepts the reformulated query lost or acquired and the accumulated 

measure based on the query path. 

4.2.1. QuLM and AccLM Definitions 

Based on the semantic loss problem we define our QuLM as follows: 

Definition 1 – QuLM. Given a query Q, the Query Loss Measure is a measure 

provided by the number of equivalent query concepts found in the target peer 

schema, during the reformulation between two neighbor peer. 

To help matters, we formalize our QuLM based on the analysis of the query concepts 

with respect to the concepts in the target peer schema. We extend the concept of 

semantic loss presented in [Delveroudis & Lekeas 2007]. The analysis considers an 

exact reformulation. The section 2.6.2 lists some important definitions to the 

understanding of our IQ criteria formulas. Our losses formulas are based on the loss of 

information formula and the classical accounting method called straight-line 

depreciation [Mena et al. 2000; Sen 1962; Freire et. al. 2012c; Freire et al. 2013]. Both 

formulas are simple and efficient method to calculate loss of information and assets 

losses. The formalization of the Definition 1 is stated as follows: 

Given a pair of peers P = {Pi, Pj } and a reformulated query Qj from Pi to Pj, we 

can state the reformulated query quality measure QuLM as follows:  

QuLMij =  {
     |    |  |  | 

   
|    |

  
    |    |  |  |

                   (1) 

Figure 22 A query routing path. 
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Where: |Ceqj| is the number of concepts in Qj (reformulated query) which have 

equivalent concepts in Qi (current query) and; 

|Ci| is the number of concepts in Qi. 

 Our QuLM formula is a numeric representation of the semantic loss in a query 

reformulation. Its value represents the percentage of equivalent concepts lost during 

the reformulation and it is in a range of [0,1]. Hence, this measure is considered a 

negative one, i.e., the higher is its value, the lower is the reformulated query quality, 

whereas some concepts can be lost. Otherwise, if there is no concept lost through the 

query reformulation, the value of QuLM is zero and we can say that the query has 

maintained its semantics. 

 Once we have defined our QuLM, we can also define its related IQ criterion 

Accumulated Loss Measure (AccLM) as follows: 

Definition 2 – AccLM. The Accumulated Loss Measure of a query path is a 

measure provided by the accumulated product of the Query Loss Measure 

values in a sucessive reformulations along the peers in the path. 

 We formalize our AccLM as follows:  

 Given a set of peers P = {P1, …, Pn} and a set of QuLM between pairs of peers 

QuLM = {QuLM1, …, QuLMn} we can state the query loss path as follows: 

  AccLM1n =    ∏              
   
                    (2) 

Where: QuLMkk+1 is each QuLM value obtained in the query reformulation from peer Pk 

to peer Pk+1.  

Our AccLM, in the same sense as our QuLM formula, represents the semantic 

loss, but in a sequence of reformulations. It also represents the percentage of 

equivalent concepts lost during query reformulation and this value is calculated 

incrementally based on the QuLM values from each reformulation. 

It is important to mention that the AccLM as well as the QuLM is a negative 

criterion which means that the higher the value, the higher is the query degradation in 

the query path. 

4.2.2. QuLM and AccLM Algorithms 

In this section we present our algorithms to calculate the QuLM (Query Loss Measure) 

and the AccLM (Accumulated Loss Measure). Our algorithms will be executed after the 

SemRef (Semantic Reformulation) algorithm [Souza 2009] that implements the 

semantic query reformulation. The original SemRef algorithm can be found in Souza 

[2009]. 
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In this light, a general view of the IQ assessing process calling our algorithms is 

depicted in Figure 23. Considering the origin peer (the one that receives the original 

query) as the first node in the network, the algorithm begins with a loop that iterates 

over every existent path from this peer to any other peer in the network. In the lines 2 

and 3 two lists are created in order to store the loss and the enrichment values for 

each reformulation between two peers, respectively. Line 5 iterates over each pair of 

peers in the path. Then,  if the peer was not visited yet the SemRef algorithm is called 

in order to reformulate a query and receives as input the following parameters: the 

current query Qi (in the first reformulation, Qi is the original query) submitted at peer 

Pi; the target peer Pj (Pi and Pj are the peers’ address); the set of correspondences 

(Co[O1, O2]) between the schemas (represented as ontologies) O1 and O2 from peer P1 

and peer P2; the query mode (the variable MODE, contains the kind of reformulation 

that can be “exact” or “enriched”) and the enriching variables (the variable REF_VAR) 

which stores the type(s) of semantic correspondences chosen by the user to be 

considered in the reformulation, e.g., subconcept, superconcept, closeto, 

partof/wholeof. The method queryConceptsAnalysis (line 8) analyses the query and 

the reformulated query to provide information about the concepts such as the number 

of exact and enriched concepts.  

1 For each path from Op to any peer // Op is the origin peer 
2  qulms := []  // global list that stores the loss for each reformulation 
3  quems := []  // global list that stores the enrichment for each 
                // reformulation 
4 
5  For each pair (Pi, Pj) in the path 
6   If Pj is not visited then 
7    Qj := SemRef(Qi, Pi, Pj, Co[O1, O2], MODE, REF_VAR) 
8    Cn := queryConceptsAnalysis (Qi, Qj) 
9    qulm := quLossMeasure(Cn[Ceqj], Cn[Ci]) 
10    Add qulm to qulms 
11    If (query MODE is different to exact) // enriched reformulation 
12      Then 
13        quem := quEnrichmentMeasure(Cn[Cj], Cn[Csubj], Cn[Csupj], Cn[Cclj], 
                                      Cn[Cpwj]) 
14        Add quem to quems 
15    End If; 
16 
17    Qi := Qj // Qi is the current query 
18   Mark Pj as visited 
19  End If; 
20  End For; 
21 
22  acclm := accLossMeasure(qulms) 
23  accem := accEnrichmentMeasure(quems) 
24 End For; 

Figure 23 High level view algorithm of IQ criteria assessment. 

The queryConceptsAnalysis returns a named list mapping each type of concept 

with the number of concepts found, and is presented in Figure 24. The QuLossMeasure 

algorithm, in line 9, receives as parameters the number of equivalent concepts found 

in the target peer, Ceqj, and the number of concepts of the query Qi, Ci, both provided 

by the queryConceptsAnalysis method. For each calculated QuLM, the value is stored 

in the list of QuLM values (the variable qulms) for the current path. If the query mode  
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Figure 24 The queryConceptsAnalysis algorithm. 

 

queryConceptsAnalysis (Qi, Qj) 
1  Ci := number of concepts in Qi // Ci is the number of concepts in Qi 
2  Cj  := 0    // Cj is the number of concepts in Qj 
3  Ceqj := 0    // Ceqj is the number of concepts in Qj (reformulated query) 
               // which have equivalent concepts in Qi (current query) 
4  Csubj := 0   // Csubj is the number of concepts in Qj (reformulated query) 
               // which are subconcepts of concepts in Qi 
5  Csupj := 0   // Csupj is the number of concepts in Qj which are 
               // superconcept of concepts in Qi 
6  Cclj := 0   // Cclj is the number of concepts in Qj which are close to 
               // concepts in Qi 
7  Cpwj := 0   // Cpwj is the number of concepts in Qj which are partof or  
               //  wholeof concepts in Qi 
8  Uc := []   // A list that stores unique concepts found in Qj for the 
              // cases where Qj has duplicated concepts 
9  Cn := []  // A list that stores the number of each semantic concept 
              // found in Qj 
10  Cq := concepts of Qi // A list that stores all concepts in the query Qi 
11 
12  For each concept C in Qj 
13    If there is a C’ in Cq such that C’ ≡ C   // equivalent 
14    Then 
15      If C is not in Uc Then 
16        Add C to Uc 
17        Ceqj := Ceqj +1 
18      End If; 
19    End If; 

20    If there is a C’ in Cq such that C’  C // subconcept 
21    Then 
22     If C is not in Uc Then 
23      Then 
24        Add C to Uc 
25        Csubj := Csubj +1 
26      End If; 
27    End If; 
28    If there is a C’ in Cq such that C’  C // superconcept 
29    Then 
30      If C is not in Uc Then 
31      Then 
32        Add C to Uc 
33        Csupj := Csupj +1 
34      End If; 
35    End If; 
36    If there is a C’ in Cq such that C’ ≈ C // closeTo 
37    Then 
38      If C is not in Uc Then 
39      Then 
40        Add C to Uc 
41        Cclj := Cclj +1 
42      End If; 
43    End If; 

44    If there is a C’ in Cq such that C’  C’ or C’  C // partof/wholeof 
45    Then 
46      If C is not in Uc Then 
47      Then 
48        Add C to Uc 
49        Cpwj := Cpwj +1 
50      End If; 
51    End If; 
52  End For; 
53  Cj = Ceqj + Csubj + Csupj + Cclj + Cpwj // total number of concepts from the 
                                     // reformulated query Qj 
54  Add Ci to Cn 
55  Add Ceqj to Cn 
56  Add Cj to Cn 
57  Add Csubj to Cn 
58  Add Csupj to Cn 
59  Add Cclj to Cn 
60  Add Cpwj to Cn 
61 
62  return Cn; 
63 
End queryConceptsAnalysis; 
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is enriched, the algorithm that assesses the QuEM is called, line 13. The 

QuEnrichmentMeasure parameters (Cj, Csubj, Csupj, Cclj, Cpwj) are also provided by the 

queryConceptsAnalysis similarly to the QuLM method. In the same way as the QuLM 

measures the quems values are stored in a list, at line 14.   

The enrichment measures algorithms will be detailed in Section 4.3.2. In line 

17, the reformulated query Qj is assigned to the variable Qi which represents the 

current query. At the end of the process, the AccLossMeasure and the 

AccEnrichmentMeasure are estimated, lines 22 and 23. 

The queryConceptsAnalysis algorithm begins with the declarations of the 

variables that will store the number of each semantic concepts found in the 

reformulated query, lines 1 to 7. The list Uc (Unique Concepts) is used to store unique 

concepts in the reformulated query, assuring that each concept will be counted exactly 

once, for example, an enriched concept called Software can be can be found in the 

next reformulation as a subconcept for a concept named Programmer and also as a 

superconcept for a concept named IDE; in this case, Software will be counted as a 

subconcept, which is more relevant to the query than a superconcept. Cn is a list that 

stores the number of each semantic concept found and is returned at the end of the 

algorithm. Cq is another list that stores all semantic concepts from the current query 

Qi. From lines 12 to 52 each semantic concept from the reformulated query Qj is 

compared with each semantic concept from the current query Qi (which are stored in 

Cq) in order to determine the number of equivalent, subconcept, superconcept, closeto 

or part of/wholeof concepts found in the reformulated query. Lines 54 to 60 add each 

number of semantic concepts to the list Cn which is returned in line 62. 

Figure 25 and 26 show the algorithms that implement our two semantic loss 

criteria. The QuLossMeasure algorithm (Figure 25) takes as parameters the number of 

concepts from the submission peer, Ci, and the number of equivalent concepts in the 

reformulated query, Ceqj, both obtained from the method queryConceptsAnalysis.  

 

1 quLossMeasure (Ceqj, Ci) 
2    
3  qulm := 0 
4 
5  If Ceqj is greater than Ci OR //if the number of equivalent concepts of the  
6     Ceqj is equal to Ci           // target peer is greater than the number of 
7             Then                 // concepts of the query in the source peer 
8                   qulm := 0        
9   Else 
10           qulm := 1-( Ceqj / Ci)  
11  End if;   
12 
13  return qulm; 
14  
15 End quLossMeasure; 
 

Figure 25 The QuLM criterion algorithm. 
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If a user poses a query Q and chooses the reformulation to be exact the 

method QuLossMeasure is called first in order to calculate the semantic loss for the 

equivalent concepts. This function calculates the semantic loss measure based on the 

number of equivalent concepts found in the target peer schema. In the 

QuLossMeasure algorithm, lines 5 and 6 verify if the number of equivalent concepts in 

the reformulated query is greater or equal to the number of concepts of the query at 

the submission peer. If this happens, the semantic loss will be zero. Otherwise, the 

semantic loss calculation is done as specified in Formula 1. 

In order to calculate the accumulated query loss, Figure 26 shows the 

AccLosMeasure algorithm. The AccLossMeasure algorithm takes the semantic loss 

measure provided by the QuLossMeasure. 

 

1 accLossMeasure (qulms[]) // receives a list of qulms 
2   
3  acclm := 1  
4  For each qulm in qulms 
5     acclm = acclm * (1-qulm) 
6  End for; 
7   
8  return 1-acclm; 
9     
10 End accLossMeasure; 

 
Figure 26 The AccLM criterion algorithm. 

The AccLossMeasure algorithm will calculate the accumulated loss measure for 

each reformulation in the path as specified in Formula 2. The AccLossMeasure output 

is the current accumulated loss in a query path. In the algorithm, first we initialize the 

variable acclm responsible for storing the accumulated loss, line 3. The semantic loss is 

estimated for each query loss measure in the list of qulms, lines 4 to 5. Finally, in line 8 

the AccLM is estimated and returned. 

In the next section we will give a complete example of query reformulation 

considering an exact reformulation. For every reformulation the QuLM and the AccLM, 

will be calculated. 

4.2.3. QuLM and AccLM Examples 

Considering a set of eight peers semantically connected through correspondences by a 

previous matching process and sharing part of its schema as depicted in Figure 27, a 

user enters the system at peer P1. We have to notice that, the AccLM will be calculated 

two times because in this scenario we have two possible paths P1 – P5 and P1 – P8. First, 

we will show the computations related to the path from P1 – P5. A query Q is posed at 
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Figure 27 A set of semantic peers connected by correspondences. 
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peer P1 and the user chooses the query to be an exact reformulation, i.e., during 

reformulation only equivalent concepts will be taken into account in the target peer 

schema. The query Q asks for six concepts salesperson, mall, product, DVD, bike and 

book from the market domain (see Figure 27).  

Then, the query Q is processed at P1, and it is reformulated to peer P2. During 

the reformulation to peer P2 five equivalent concepts are found. We apply the QuLM 

formula to estimate the query loss measure and the AccLM formula to estimate de 

accumulated loss. 

QuLM12 = 1- 5/6                                              (1) 

QuLM12 = 0.1667 

AccLM12 =1- (1-0.1667) 

AccLM12 = 0.1667 

Peer P2 reformulates the query Q1 to query Q2 according to peer P3 schema. In 

the reformulation to peer P3 only four concepts are found seller, shopping, bicycle and 

book. It means that the concept product is absent and we will have a semantic loss as 

calculation (2) shows. The semantic loss is 0.2000 since peer P3 does not cover all 

concepts from query Q2. Continuing, peer P3 reformulates the query to peer P4 which 

only has two concepts, salesperson and book causing another semantic loss 

(calculation(3)) 

QuLM23 = 1- 4 / 5                                            (2) 

QuLM23 = 0.2000 

AccLM13 = 1- ((1-0.1667) x (1-0.2000)) 

AccLM13 = 0.3333 

 

QuLM34 = 1- 2 / 4                                            (3) 

QuLM34 = 0.5000 

AccLM14 = 1- ((1-0.1667) x (1-0.2000) x (1-0.5000)) 

AccLM14 = 0.6667 

In the same manner, peer P4 reformulates the query Q3 to peer P5 which only 

has one concept, book. Calculation 4 estimates the QuLM and the AccLM. 

QuLM45 = 1- 1 / 2                                            (4) 
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QuLM45 = 0.5000 

AccLM15 = 1- ((1-0.1667) x (1-0.2000) x (1-0.5000) x (1-0.5000)) 

AccLM15 = 0.8333 

We now consider the path from P1 – P8. The reformulated query Q1 that 

reached peer P2 was estimated in calculation (1). The peer P2 has the concepts, seller, 

mall, product, bicycle and book. Continuing the query processing to the path P1 – P8, in 

the reformulation to peer P6, there is a semantic loss of 0.2000 as calculation (5) 

shows. 

QuLM26 = 1- 4/5                                                 (5) 

QuLM26 = 0.2000                                                 

AccLM18 = 1- ((1-0.1667) x (1-0.2000)) 

AccLM18 = 0.3333 

When the query Q5 reaches the peer P6 the query has the concepts, clerk, mall, 

bike and book. So, peer P6 reformulates the query Q5 to Q6 at peer P7 which has no 

semantic loss as calculation (6) illustrates: 

QuLM67 = 0                                                          (6) 

AccLM18 = 1- ((1-0.1667) x (1-0.2000) x (1-0)) 

AccLM18 = 0.3333 

Finally, query Q6 is reformulated to query Q7 in accordance with peer P8 

schema. A semantic loss occurs as calculation (7) shows. 

QuLM78 = 1- 3/4                                                  (7) 

QuLM78 = 0.2500                                                 

AccLM18 = 1- ((1-0.1667) x (1-0.2000) x (1-0) x (1-0.2500)) 

AccLM18 = 0.5000 

Now we have all QuLM measures for each query reformulation and AccLM for 

each query path. In Table 3 we summarize the criteria evaluation results of our exact 

query reformulation process. 
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Table 3 QuLM and AccLM results. 

Pair of peers Reformulated query QuLM AccLM 
P1 – P2 Seller, mall, product, 

bicycle, book 
0.1667 0.1667 

P2 – P3 Seller, shopping, bicycle, 
book 

0.2000 0.3333 

P3 – P4 SalesPerson, book 0.5000 0.6667 

P4 – P5 Book 0.5000 0.8333 

P2 – P6 Clerk, mall, bike, book 0.2000 0.3333 

P6 – P7 Clerk, mall, bike, book 0 0.3333 

P7 – P8 SalesClerk, bike, mall 0.2500 0.5000 

 

Table 4 AccLM measures for query paths. 

Path AccLM 
P1 – P5 0.8333 

P1 – P8 0.5000 

 

These IQ measures are computed for every query issued by a user. The QuLM 

results tell us how much the query losses its concepts in a scale from 0 to 1.0 in every 

reformulation. The AccLM shows the accumulated query losses in two query paths 

presented in our example, path P1 – P5 and P1 – P8 (see Table 4).  

4.3. Semantic Enrichment Measures 

In order to estimate the semantic enrichment of a query we present the IQ criterion 

Query Enrichment Measure (QuEM). This criterion calculates the enrichment of 

concepts from the reformulated query between a pair of peers taking into account the 

extra semantic concepts found in the target peer schema. Also, we have the IQ 

criterion Accumulated Enrichment Measure (AccEM) which is based on the overall 

semantic enrichment had by a query in the routing path.  

In the next sections we define our two IQ criteria for the semantic enrichment 

evaluation, show our algorithm and give an example of an enriched query 

reformulation. 

4.3.1. QuEM and AccEM Definitions 

Usually, users may accept more than only equivalent concepts to be considered during 

query reformulation. Instead, in order to acquire more semantic related concepts 

(beyond equivalent ones), avoid empty results and consequently to obtain more 

relevant query answers, they can choose an enriched query (see Section 2.6.2). By this 

means, during query reformulation other extra semantic related concepts will be taken 
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into account and the QuEM should be computed in each query reformulation. In this 

sense the QuEM can be defined as follows: 

Definition 3 – QuEM. Given a query Q, the Query Enrichment Measure is a 

measure based in the number of extra semantic query concepts found in the 

schema of the target peer, during query reformulation between two neighbor 

peers. 

The formalization of the QuEM is based on the works of [Souza 2009; Freire et 

al. 2013] and is stated as follows: 

Given a pair of peers P = {Pi, Pj} and a reformulated query Qj from Pi to Pj, we 

can state the quality measure QuEM as follows:  

 QuEMij = 
|     |     |     |     |    |     |    |    

|  |
    (3) 

Where, K1, K2, K3 and K4 are constants that consider the different weights for 

each semantic correspondence. These values should vary among different contexts. 

For example, the values that are used in our work are 0.8 (subconcept), 0.5 

(superconcept), 0.3 (closeto) and 0.1 (partof/wholeof); 

 |Csubj| is the number of concepts in Qj (reformulated query, see Section 2.6.2) 

which are subconcepts of concepts in Qi (current query); 

|Csupj| is the number of concepts in Qj which are superconcepts of concepts in 

Qi; 

|Cclj| is the number of concepts in Qj which are close to concepts in Qi; 

|Cpwj| is the number of concepts in Qj which are part-of or whole-of concepts in 

Qi and; 

|Cj| is the number of concepts in Qj. 

Our QuEM formula is used to extent the semantic enrichment in terms of 

semantic extra concepts obtained during the query reformulation process. Some of 

these semantic extra concepts are more relevant than others and are obtained from 

the accounting of the correspondences between the exported peers’ schema. Once we 

have defined our QuEM, we can also define its related criterion Accumulated 

Enrichment Measure (AccEM) as follows: 

 Definition 4 – AccEM. The Accumulated Enrichment Measure of a query path is 

a measure provided by the accumulated product of the QuEM values obtained 

in a set of reformulations along the peers in the path. 
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 We formalize our AccEM as proceed:  

 Given a set of peers P = {P1, P2, …, Pn} and a set of QuEM obtained between 

pairs of peers QuEM = {QuEM12, …, QuEMn-1n} we can state the Accumulated 

Enrichment Measure as follows: 

  AccEM1n =  ∏            
   
                     (4) 

Where: QuEMkk+1 is each QuEM value provided by the query reformulation 

from peer Pk to peer Pk+1 in the query path. 

Our AccEM formula measures the percentage of semantic enrichment concepts 

based on the QuEM values. The AccLM is an increasing measure without a limit, i.e., 

we do not know which is the limit of semantic concepts to be acquired during the 

reformulation.  

It is important to mention that the AccEM and QuEM are positive criteria, 

which means that the higher their values are, the higher is the semantic enrichment in 

the query path. 

4.3.2. QuEM and AccEM Algorithms 

In this section we present our algorithms to calculate the QuEM (Query Enrichment 

Measure) and the AccEM (Accumulated Enrichment Measure). In the same manner we 

have explained the QuLM and AccLM algorithms, the QuEM and AccEM algorithms are 

calculated after the SemRef execution shown in Figure 23. The algorithms that 

illustrate our semantic enrichment criteria evaluation are detailed in Figure 28 and 29. 

 

If the user chooses an expanded query (enriched one) the extra semantic 

correspondences will also be considered. The function QuEnrichmentMeasure will be 

executed and its parameters are the number of each extra semantic concept found 

(Csubj, Csupj, Cclj, Cpwj) and the total number of concepts in the reformulated query, Cj 

(including the equivalent ones). These parameters are obtained by the auxiliary 

method queryConceptsAnalysis. In the algorithm, the line 4 calculates the QuEM for 

the current reformulation based on the specification presented in Definition 3. 

 

1 quEnrichmentMeasure (Csubj, Csupj, Cclj, Cpwj, Cj) 
2 
3  quem := 0 
4  quem := ((Csubj * 0.8) + (Csupj * 0.5) + (Cclj * 0.3) + (Cpwj * 0.1))/ Cj 
5 
6  return quem; 
7 
8 End quEnrichmentMeasure; 

Figure 28 The QuEM criterion algorithm. 
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As we did to the exact reformulation, in an enriched reformulation we need to 

estimate the accumulated enrichment for a path. By this means, the 

AccEnrichmentMeasure method is called. The method is quite similar to the 

AccLossMeasure method and takes as parameter the list of quem values provided by 

the QuEnrichmentMeasure method. The AccEnrichmentMeasure output is the current 

accumulated enrichment (gain) in a query path. 

 

1 accEnrichmentMeasure (quems[]) // receives a list of quems 
2  
3  accem := 1 
4  For each quem in quems 
5      accem = accem * (1+quem)  
6  End for; 
7 
8  return accem-1;    
9 
10 End accEnrichmentMeasure; 

 
Figure 29 AccEM criterion algorithm. 

In the following the AccEnrichmentMeasure method will calculate the 

accumulated enrichment measure for each reformulation as specified in Formula 4. 

The AccEnrichmentMeasure output is the current accumulated enrichment in a query 

path for each query reformulation. In the algorithm, first we initialize the variable 

accem responsible for storing the accumulated enrichment, line 3. The semantic 

enrichment is estimated for each query enrichment measure in the list of quems, lines 

4 to 5. Finally, in line 8 the AccEM is estimated and returned. 

4.3.3. QuEM and AccEM Examples 

If the user chooses the query to be enriched with other semantic correspondences, the 

query may include more concepts to the query. Let us consider a set of five peers 

semantically connected through correspondences by a previous matching process and 

sharing part of its ontology schema as depicted in Figure 30. The user enters the 

system at peer P1. We have to notice that, the AccEM will be calculated two times 

because in this scenario we have two possible paths P1 – P3 and P1 – P5.  

First, we will show the computations related to the path from P1 – P3. A query Q 

is posed at peer P1 and the user chooses the query to be enriched with the enriching 

variables, specialize and approximate, i.e., the query will be composed by subconcepts 

and close to concepts. The query asks for four concepts project, student, article and 

university from the education domain. Then, the query Q is processed at P1 and it is 

reformulated to peer P2. During the reformulation to peer P2 three equivalent 

concepts related to student, article and university are found and also two subconcepts 

of project (scientific project and business project). We apply the QuEM formula to 

estimate the query enrichment during the reformulation to peer P2 as well as the 
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Figure 30 A set of semantic peers connected by correspondences. 
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AccEM. As mentioned before, the QuLM is also calculated for the equivalent concepts 

(calculation(6)). 

QuEM12 = (2x0.8 + 0x0.5 + 0x0.3 + 0x0.1) / 5                                          (6) 

QuEM12 = 0.3200 

QuLM12 = 1- 3 / 4 

QuLM12 = 0.2500 

AccEM1-2 = (1+0.3200) - 1 

AccEM12 = 0.3200 

AccLM12 = 1- (1-0.25)  

AccLM12 = 0.2500 

We can observe that the concept project was lost during the first reformulation, 

but two subconcepts of it were found. Now, the reformulated query Q1 at peer P2 has 

the following five concepts: scientific project, business project, student, article and 

university. Continuing the query reformulation process, peer P2 reformulates the query 

Q1 to query Q2 and send it to peer P3. 

In the reformulation to peer P3 three equivalent concepts are found related to 

scientific project, business project and student, and three subconcepts related to 

student, article and university and also two closeto concepts related to article and 

university. The calculation listed in (7) shows the query enrichment and query loss 

computations.  

QuEM23 = (3x0.8 + 0x0.5 + 2x0.3 + 0x0.1) / 8                                           (7) 

QuEM23 = 0.3750 

QuLM23 = 0 

AccEM13 = ((1+0.3200) x (1+0.3750)) -1 

AccEM13 = 0.8150  

AccLM13 = 1- ((1-0.2500) x (1 - 0)) 

AccLM13 = 0.2500 

At this point we have the AccEM and the AccLM for the path from peer P1 – P3 

hereafter we will have both measures for the route P1 – P5. In the reformulation from 

peer P2 to peer P4, four equivalent concepts are found (scientificProject, 

businessProject, paper and college) and also three subconcepts related to business 
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project, article and university (HP project, short papers and scientific lab, respectively). 

The calculations listed in (8) show the computations. 

QuEM24 = (3x0.8 + 0x0.5 + 0x0.3 + 0x0.1) / 7                                            (8) 

QuEM24 = 0.3429 

QuLM24 = 0 

AccEM14 = ((1+0.3200) x (1+0.3429)) -1 

AccEM14 = 0.7726 

AccLM14 = 1- ((1-0.2500) x (1-0)) 

AccLM14 = 0.2500 

Our current concepts in query Q3 are paper, college, scientificProject, 

businessProject, HPProject, shortPaper and scientificLab. Finally, peer P4 reformulates 

the query Q3 to query Q4 to send it to peer P5 which schema covers three equivalent 

concepts: paper, college and scientificProject, two subconcepts related to paper and 

college and also three closeto concepts related to college, paper and scientificProject. 

The calculation listed in (9) illustrates the measures: 

QuEM45 = (2x0.8 + 0x0.5 + 3x0.3 + 0x0.1) / 8                                           (9) 

QuEM45 = 0.3125 

QuLM45 = 1- 3 / 4 

QuLM45 = 0.2500 

AccEM15 = ((1+0.3200) x (1+0.3429) x (1+0.3125)) -1 

AccEM15 =  1.3265 

AccLM15 = 1- ((1-0.25) x (1-0) x (1-0.25)) 

AccLM15 =  0.4375 

The final version of query Q3 is query Q4 which has the following concepts: 

paper, college, scientificProject, technicalPaper, businessLab, educationCenter, thesis 

and sciExperiment.  

Similarly as we did to the exact reformulation, we summarize the enriched 

query reformulation process results in Table 5. 
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Table 5 QuEM and AccEM results. 

Pair of peers Reformulated query QuEM QuLM AccEM AccLM 
P1 – P2 scientificProject, 

businessProject, 
student, article, 

university 

0.3200 0.2500 0.3200 0.2500 

P2 – P3 sciProject, 
businessProject, 
student, learner, 

journalPaper, college 

0.3750 0 0.8150 0.2500 

P2 – P4 Paper, college, 
scientificProject, 
businessProject, 

HPProject, shortPaper, 
scientificLab 

0.3429 0 0.7726 0.2500 

P4 – P5 Paper, college, 
scientificProject, 
technicalPaper, 

businessLab, 
educationCenter, 

thesis, sciExperiment 

0.3125 0.2500 1.3265 0.4375 

 

Table 6 AccLM and AccEM measures for query paths. 

Path AccLM AccEM 
P1 – P3 0.2500 0.8150 

P1 – P5 0.4375 1.3265 

 

These IQ measures are computed for every query issued by a user. The QuEM 

results tell us how many extra semantic concepts the query has enriched during the 

reformulation between two peers. We can observe from the results that even with 

some semantic losses the query has enriched with the addition of other semantic 

concepts. The enrichment of concepts can exceed the value of 1.0, especially if the 

extra semantic concepts found are subconcepts which weight is 0.8. The AccEM 

measure shows the accumulated query enrichment in two query paths presented in 

our example, path P1 – P3 and P1 – P5. With the two AccEM measures it is possible to 

verify that the path that leads to peer P5 is richer in aggregating semantic concepts to 

the query. The final reformulation to peer P5 included two subconcepts which have 

higher importance (weight 0.8).   

4.4. Concluding Remarks 

One key issue during query reformulation processing in Dynamic Distributed 

Environments, especially in PDMS, is the absence of concepts in the target peer, what 

may result in incomplete or no answers at all. 

In this chapter we proposed four information quality (IQ) criteria called QuLM, 

QuEM, AccLM and AccEM based on the analysis of the reformulated query during 
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query reformulation among peers, in order to evaluate semantic losses and 

enrichments of semantic concepts.  

 Now, we can bring our comparative analysis table from Chapter 3 and include 

our IQ criteria analysis into consideration. Table 7 highlights our analysis. 

Table 7 Query reformulation analysis wrt. ours. 

Paper Type of 
Environment 

Representation 
Model 

Approach 

Delveroudis  & 
Lekeas 2007 

[2007]. 

PDMS Relational Schema Syntactic difference 
between queries and 

addition of new 
mapping rules. 

Bonifati et al. 
[2011] 

PDMS Relational Schema Semantic proximity 
between the query and 
the mappings creating 

only relevant mappings 

Kantere et al. 
[2009, 2011]. 

PDMS Relational Schema Query answering 
analysis and overlay 

clustering of semantic 
peers 

Aberer et al. 
[2003]. 

PDMS/Semantic 
Web 

Relational Schema Syntactic and Semantic 
similarity measures 

between queries 

Mena et al. 
[2000]. 

Distributed 
Environments 

Ontology Terminological 
difference between 

queries based on 
missing terms 

Ours  DDE (Dynamic 
Distributed 

Environments) 

Ontology Use of IQ criteria for 
analysis of the loss 
and enrichment of 

query concepts during 
query reformulation 

among peers 

 

 Most of the authors estimate the loss of concepts through the syntactic analysis 

of the reformulated queries. It can be seen as a quantitative analysis of the query 

concepts with relation to the same concepts found in the reformulated query. We do 

not know about works that considers related concepts other than equivalent ones in 

order to enrich the query answer. 

Differently, our analysis estimates the semantic loss in the query reformulation 

between a pair of peers and the accumulated semantic loss in a query path. In the 

same way, we estimate the query enrichment and the accumulated enrichment based 

on the gain of extra semantic concepts. By this means, the analysis takes into 

consideration the semantics between the query concepts and the target peer schema 

concepts. If the same query concepts are not found in the target peer schema, extra 

related semantic concepts can be considered during enriched query reformulation.  
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In addition, we gave our definition to the semantic loss problem, defined and 

formalized our IQ criteria. The algorithms that implement our analysis are presented. 

Also for each semantic loss measure and semantic enrichment measure we gave an 

example of its application. 

 The next chapter shows the experimentation and results in the running PDMS 

SPEED in order to validate our measures. 
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CHAPTER 5 

 

“At the center of your being you have the answer; 

 you know who you are and you know what you want.” 

Lao Tzu 

Implementation and Experimentation 

 

In order to validate our IQ criteria analysis, this chapter details the implementation of 

the algorithms Query Loss Measure (QuLM), the Query Enrichment Measure (QuEM), 

the Accumulated Loss Measure (AccLM) and the Accumulated Enrichment Measure 

(AccEM), all of them executed in our running system SPEED, a PDMS based on 

ontologies briefly described in Chapter 2. 

 Our experiment aims to analyze and provide IQ criteria measures from the 

reformulated query. For this, we use SPEED with a set of peers in the education 

domain interconnected by correspondences and sharing their exported schemas 

through ontologies. 

 This chapter is organized as follows: Section 5.1 talks about the implementation 

of our IQ criteria; Section 5.2 shows the experimentation and results; and Section 5.3 

discusses some final considerations. 

 

5.1. The Information Quality Criteria Implementation 

The SPEED environment [Pires 2009] is a PDMS prototype developed at the 

Universidade Federal de Pernambuco (UFPE). In this way, the system already has an 

overlay network for peers’ interconnection, a semantic matching process tool 

SemMatcher [Pires et al. 2009] and a semantic query reformulation module, SemRef 

[Souza 2009]. As mentioned before, in our implementation, we only made some 

extensions to the SPEED system, more specifically, we have made some methods that 

evaluate the loss and enrichment of semantic concepts during query reformulation. 

For the experiment, we assume that the semantic matching process has been done 

and the correspondences between neighbor peers are already generated. 
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 In SPEED [Pires 2009] the programming language used for implementation was 

Java2 and in order to maintain the compatibility, we have made the same choice as 

well. We did our implementation with the support of an Integrated Development 

Environment (IDE) called Eclipse3.  

As previously explained, we focus on the analysis of query reformulation among 

peers. So, we keep track about the loss and enrichment of query concepts from the 

reformulated query. The IQ implementation is composed by a Java classes responsible 

for a set of methods that assess the loss and enrichment of a query during 

reformulation. When the SemRef method is called the class IQQueryAnalysis is 

instantiated and its methods are executed. The queryLossMeasure method takes two 

parameters which represent the number of total concepts from the sending peer and 

the number of equivalent concepts found in the target peer. The accLossMeasure 

method calculates the accumulated loss, for an exact query, in a query path based on 

the result from the queryLossMeasure method. Similarly, if the user chooses the query 

to be an enriched one the queryEnrichmentMeasure method will be execute along 

with the queryLossMeasure and the accLossMeasure. Figure 31 shows a UML4 use case 

diagram with the actions executed when a user poses a query in the SPEED system. 

In the next section we discuss our experiments showing the results obtained 

from the reformulated query analysis. 

 

 

 

 

 

 

 

 

 

 

 

                                                           
2
 www.java.com 

3
 www.eclipse.org 

4
 www.uml.org 

Figure 31 Use case diagram for a submitting query. 
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5.2.  Experimentation and Results 

The scenario chosen to carry out the experiments was the education knowledge 

domain. In this way, we have a set of thirteen peers in the same domain of interest 

(education) each one sharing its exported schema through an ontology. These 

ontologies are derived from a real world ontology (UnivCSCMO5) which describes an 

academic department and is also used as the domain ontology. We assume that the 

matching process has been done by the SemMatcher and the correspondences 

between the schemas of the peers are created. Figure 32 depicts the peers 

interconnected. The queries are issued at Integration Peers (IP) which are peers with 

better computational resources in terms of network capability, processing power, 

storage capacity and are also responsible for the query processing [Pires 2009]. Each IP 

reformulates the query to its neighbors through the semantic correspondences 

between them (black line). 

Considering this scenario, we will show the results of our four IQ criteria for 

each reformulation performed. The machine where the experiments were executed is 

a desktop Intel Quad Core 2.2 GHz, 3GB RAM DDR2, Operational System Windows 

Seven and Java SDK 1.7. 

 

Figure 32 A set of semantic peers interconnected on SPEED. 

                                                           
5
 http://www.cin.ufpe.br/~speed/ontologies/Ontologies.html 
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In the experiment, each peer represents its schema as an ontology. The set of 

ontologies is shown in the Appendix A. In the following sections, we will present a 

motivating scenario for our query reformulation analysis and the experimental results. 

5.2.1. Test Scenario 

Let us consider the set of peers shown in Figure 32. A user connects to peer P2178 
(origin peer) and formulates a query asking for an enriched reformulation. The query 
contains the following concepts: 

Q <- Professor, Person 

There are five possible query paths P2178 – P3578, P2178 – P3078, P2178 – 

P3278, P2178 – P2478 and P2178 – 3378. In some of those paths it is possible that 

some semantic losses and semantic enrichments do happen. In a specific way our 

experiments goals are: 

 To evaluate the Query Loss Measure (QuLM) between peers; 

 To evaluate the Accumulated Loss Measure (AccLM) in a query path; 

 To evaluate the Query Enrichment Measure (QuEM) between peers; 

 To evaluate the Accumulated Enrichment Measure (AccEM) in a path. 

For these purposes, our experiment considers an enriched reformulation which 

implicitly calculates the loss measures (QuLM and AccLM). 

5.2.2. Query Reformulation Results 

Our experiment takes into consideration the set of peers showed in Figure 32 and has 

the following details: 

 The queries issued are: 

o Query 1: Professor, Person; 

o Query 2: DBA, School, Monitor, Event; 

o Query 3: Schedule, Manual, Journal, GraduateStudent; 

o Query 4: Thesis, Worker, ResearchGroup. 

 The query reformulation considers equivalent concepts and the user has 

selected all enriching variables: approximate (closeto), compose (part 

of/wholeof), generalize (superconcept) and specialize (subconcept) (see Figure 

33). By this means, in addition to equivalent concepts, the queries will also 

retrieve enriched semantic concepts; 

 For every reformulation, the QuLM and AccLM will be calculated for the 

equivalent concepts as well as the QuEM and AccEM for the enriched concepts. 
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We now begin our enriched reformulation analysis by posing the queries on the 

origin peer (P2178) schema depicted in Figure 34. Each query is executed one at time, 

we show in Figure 34 an example for the Query 1. We can see in the left side the 

graphical view of the schema of peer P2178 as well as the original query formulated in 

the right side in the Query input box. The next step is to obtain the query results and 

the IQ criteria measures. 

The original queries Q is processed locally (peer P2178) and in order to acquire 

more results it is reformulated to its neighbor peers (P2278, P2678, P2378 and P2878). 

For each reformulated query, the QuLM, the AccLM, the QuEm and the AccEm are 

assessed and this process is repeated for each one of the neighbor peers. Thus, the 

query is reformulated through each path mentioned in Section 5.2.1. Figures 35 to 38 

present the IQ criteria measures obtained for each of the four queries. The criteria 

result window is shown by clicking in the Show QuLM and QuEM button depicted in 

Figure 34.  

Each original query posed at peer P2178 has suffered some semantic losses 

during its reformulation, i.e., some of the concepts had not been preserved. But 

instead, the query has had some enrichment, i.e., some semantic related concepts 

have been taken into account. For each query, the Tables 5, 7, 9 and 11 show each 

type of enriched concepts acquired and the equivalent concepts maintained during the 

reformulation of each query. The bold concepts are the enriched concepts found. 

Tables 6, 8, 10 and 12 show the accumulated measures for each query path. 

 

 

Figure 33 Setting of enriching variables at query reformulation. 
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Figure 34 Enriched query formulation on SPEED. 
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Figure 35 IQ criteria measures for Query 1. 

Figure 36 IQ criteria measures for Query 2. 
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Figure 38 IQ criteria measures for Query 3. 

Figure 37 IQ criteria measures for Query 4. 
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Table 5 Types of enriched concepts and equivalent concepts for Query 1. 

Original Query: Professor, Person 

Pair of Peer Reformulated Query Type of Concepts Acquired 
P2178 – P2278 Lecturer, Faculty Lecturer closeto Professor, Faculty 

superconcept of Professor 

P2178 – P2678 Student, Faculty, Professor, 
PostDoc, Person 

Student subconcept of Person, 
Faculty superconcept of Professor, 

PostDoc closeto Professor 

P2178- P2878 Student, Worker, 
AssistantProfessor, Professor 

Student subconcept of Person, 
Worker subconcept of Person, 

AssistantProfessor subconcept of 
Professor 

P2178 – P2378 VisitingProfessor, FullProfessor, 
Professor, Person 

VisitingProfessor subconcept of 
Professor, FullProfessor subconcept 

of Professor 

P2278 – P3578 Lecturer (maintained concept) Lecturer closeto Professor 

P2627 – P2778 Worker, PostDoc (maintained 
concept), TechnicalStaff 

Worker subconcept of Faculty, 
PostDoc closeto Professor, 

TechnicalStaff closeto Faculty 

P2878 – P3378 Course, AssistantProfessor 
(maintained concept) 

Course partof/wholeof 
AssistantProfessor, 

AssistantProfessor subconcept of 
Professor 

P2378 – P2478 Person No one 

P2378 – P2578 FullProfessor (maintained concept), 
Person 

FullProfessor subconcept of Professor 

P2778 – P3078 Professor, Technicalstaff Professor closeto PostDoc, 
TechnicalStaff subconcept of Worker 

P2578 – P2978 Student, Person Student subconcept of Person 

P2978 – P3278 Student (maintained concept) Student subconcept of Person 

 

 

Table 6 Accumulated IQ measures and all enriched concepts acquired for each query path for Query 1. 

Path AccLM AccEM All Enriched Concepts 
Acquired 

P2178 – P3578 1.0000 0.4000 Lecturer, Faculty 

P2178 – P3078 1.0000 1.7962 Student, Faculty, PostDoc, 
Worker, TechnicalStaff, 

Professor 

P2178 – P3278 1.0000 0.9600 VisitingProfessor, 
FullProfessor, Student 

P2178 – P2478 0.5000 0.4000 VisitingProfessor, 
FullProfessor 

P2178 – P3378 1.0000 0.6800 Student, Worker, 
AssistantProfessor, 

Course 
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Table 7 Types of enriched concepts and equivalent concepts for Query 2. 

Original Query: DBA, School, Monitor, Event 

Pair of Peer Reformulated Query Type of Enriched Concepts 
Acquired 

P2178 – P2278 Event, ResearchGroup, Conference, 
School, Workshop, University 

ResearchGroup closeto School, 
Conference subconcept of Event, 
Workshop subconcept of Event, 

University closeto School 

P2178 – P2678 Enterprise, DBA, 
UndergraduateStudent, 
EducationOrganization, 

Organization, TechnicalStaff, 
College, University 

Enterprise closeto School, 
UndergraduateStudent superconcept 

of Monitor, EducationOrganization 
closeto School, Organization 

superconcept of School, 
TechnicalStaff superconcept of DBA, 

College closeto School, University 
closeto School  

P2178- P2878 DBA, Meeting Meeting subconcept of Event 

P2178 – P2378 Monitor, Event, Conference Conference subconcept of Event 

P2278 – P3578 Organization, ResearchGroup 
(maintained concept), School 

Organization superconcept of School, 
ResearchGroup closeto School 

P2878 – P3378 Meeting (maintained concept) Meeting subconcept of Event 

P2678 – P2778 NetworkManager, Worker, DBA, 
Program, TechnicalStaff 

(mantained concept), College 
(mantained concept) 

NetworkManager subconcept of 
TechnicalStaff, Worker superconcept 

of TechnicalStaff, Program 
subconcept of Organization, 

TechnicalStaff superconcept of DBA, 
College closeto School 

P2378 – P2478 Monitor No one 

P2378 – P2578 Monitor No one 

P2778 – P3078 NetworkManager (maintained 
concept), TechnicalStaff 

(maintained concept) 

NetworkManager subconcept of 
TechnicalStaff , TechnicalStaff 

superconcept of DBA 

P2578 – P2978 Monitor No one 

P2978 – P3278 Monitor No one 

 

Table 8 Accumulated IQ measures and all enriched concepts acquired for each query path for Query 2. 

Path AccLM AccEM All Enriched Concepts 
Acquired 

P2178 – P3578 0.7500 0.5944  ResearchGroup, Conference, 
Workshop, University, 

Organization 

P2178 – P3078 1.0000 0.8056 Enterprise, 
UndergraduateStudent, 
EducationOrganization, 

Organization, TechnicalStaff, 
College, University, 

NetworkManager, Worker, 
Program 

P2178 – P3278 0.7500 0.2667 Conference 

P2178 – P2478 0.7500 0.2667 Conference 

P2178 – P3378 1.0000 0.4000 Meeting 
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Table 9 Types of enriched concepts and equivalent concepts for Query 3. 

Original Query: Schedule, Manual, Journal, GraduateStudent 

Pair of Peer Reformulated Query Type of Concepts Acquired 
P2178 – P2278 Thesis Thesis closeto Manual 

P2178 – P2678 Student, Course, Schedule, 
Publication, PhdStudent 

Student superconcept of 
GraduateStudent, Course 

partof/wholeof GraduateStudent, 
Publication superconcept of Manual, 

PhsStudent subconcept of 
GraduateStudent 

P2178- P2878 Student, Book, Software, Course, 
Schedule, Journal, Manual 

Student superconcept of 
GraduateStudent, Book closeto 

Manual, Software closeto Manual, 
Course partof/wholeof 

P2178 – P2378 All concepts lost No one 

P2278 – P3578 All concepts lost No one 

P2678 – P2778 Worker, Periodical Worker closeto Student, Periodical 
subconceptof Publication 

P2827 – P3378 Book (mantained concept), 
Software (mantained concept), 

AssistantProfessor, Course 
(mantained concept), Schedule, 

Product 

Book closeto Manual, Software 
closeto Manual, AssistantProfessor 

partof/wholeof Course, Course  part 
of/wholeof Student, Product 

superconcept of Software 

P2778 – P3078 Periodical (mantained concept) Periodical subconceptof Publication 

 

 

Table 10 Accumulated IQ measures and all enriched concepts acquired for each query path for Query 3. 

Path AccLM AccEM All Enriched Concepts 
Acquired 

P2178 – P3578 1.0000 0.3000 Thesis 

P2178 – P3078 1.0000 1.1390 Student, Course, 
Publication, PhdStudent, 

Worker, Periodical 

P2178 – P3278 -- -- No one 

P2178 – P2478 -- -- No one 

P2178 – P3378 0.7500 0.2886 Student, Book, Software, 
Course, Book, 

AssistantProfessor, 
Product 
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Table 11 Types of enriched concepts and equivalent concepts for Query 4. 

Original Query: Thesis, Worker, ResearchGroup 

Pair of Peer Reformulated Query Type of Concepts Acquired 
P2178 – P2278 Thesis, Faculty, ResearchGroup, 

School, University 
Faculty subconcept of Worker, School 

closeto ResearchGroup, University 
closeto ResearchGroup 

P2178 – P2678 Student, Enterprise, Faculty, 
EducationOrganization, 

Publication, Organization, 
TechnicalStaff, Person, College, 

University 

Student closeto Worker, Enterprise 
closeto ResearchGroup, Faculty 

subconcept of Worker, 
EducationOrganization closeto 

ResearchGroup, Publication 
superconcept of Thesis, Organization 

subconcept ResearchGroup, 
TechnicalStaff superconcept of 

Worker, Person superconcept of 
Worker, College closeto 

ResearchGroup, University closeto 
ResearchGroup 

P2178- P2878 Student, Book, Software, Worker, 
Manual 

Student closeto Worker, Book closeto 
Thesis, Software closeto Thesis, 

Manual closeto Thesis 

P2178 – P2378 Person Person superconcept of Worker 

P2278 – P3578 Lecturer, Organization, 
ResearchGroup, School (mantained 

concept) 

Lecturer subconcept of Faculty, 
Organization superconcept of 

ResearchGroup, School closeto 
ResearchGroup 

P2678 – P2778 NetworkManager, Worker, DBA, 
PostDoc, Periodical, Program, 

TechnicalStaff (mantained 
concept), College (mantained 

concept) 

NetworkManager subconcept of 
TechnicalStaff, Worker subconceptof 

Person, DBA subconcept 
TechnicalStaff, PostDoc subconcept 
of Faculty, Periodical subconcept of 
Publication, Program subconcept of 

Organization, TechnicalStaff 
superconcept of Worker, College 

closeto ResearchGroup 

P2878 – P3378 Book (mantained concept), 
Software (mantained concept), 

Product 

Book closeto Thesis, Software closeto 
Thesis, Product superconcept of 

Software 

P2378 – P2478 Person (mantained concept) Person superconcept of Worker 

P2478 – P2578 Person (mantained concept) Person superconcept of Worker 

P2778 – P3078 NetworkManager (mantained 
concept), Periodical (mantained 

concept), TechnicalStaff 

NetworkManager subconcept of 
TechnicalStaff, Periodical subconcept 

of Publication, TechnicalStaff 
subconcept of Worker 

P2578 – P2978 Student, Person (mantained 
concept) 

Student subconcept of Person, 
Person superconcept of Worker 

P2978 – P3278 Student (mantained concept) Student subconcept of Person 
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Table 12 Accumulated IQ measures and all enriched concepts acquired for each query path for Query 4. 

Path AccLM AccEM All Enriched Concepts 
Acquired 

P2178 – P3578 0.6667 0.6960 Faculty, School, 
University, Lecturer, 

Organization 

P2178 – P3078 1.0000 1.9589 Student, Enterprise, 
Faculty, 

EducationOrganization, 
Publication, Organization, 

TechnicalStaff, Person, 
College, University, 
NetworkManager, 

Worker, DBA, PostDoc, 
Periodical, Program 

P2178 – P3278 1.0000 1.1000 Person, Student 

P2178 – P2478 1.0000 0.5000 Person 

P2178 – P3378 1.0000 0.4467 Student, Book, Software, 
Manual, Product 

 

With these experiments, we present a way to measure the quality of the 

reformulated query, through its semantic enrichments and losses. 

Considering the losses, we will take as example the Query 2. The original query 

(DBA, School, Monitor, Student) was reformulated through the five paths shown in the 

the set of peers of Figure 32. After the query reformulations occurred on these paths, 

we can see that from the four initial concepts, only one (Monitor) remains in the path 

P2178 – P3278 (which have five peers in total), and also one (School) remains in the 

path P2178 – P3578 (three peers). In some others paths that have several peers (two 

paths with three peers and one with four peers), all original concepts were lost. This 

shows that the number of peers in a given path should not interfere in the semantic 

loss, as could be seen in the behavior of the AccLM for the others queries. Analyzing 

this measure, we conclude that it could be used to find close related peers for a single 

query in a given scenario. Supposing that such query is often repeated in the system, 

we could improve the metrics for path construction in a way that these peers stand 

strongly connected, even when new peers join the network. 

The proposed enrichment measure is one of many ways to numerically 

represent that a given path could bring more semantic concepts to a query than other. 

For example, in the Query 1, the AccEM for the paths P2178 – P3078 is higher than the 

measure for the path P2178 – P3278. It is easy to comprehend it when we look to the 

Table 6, that shows all enriched concepts acquired during reformulations in the path. 

The path P2178 – P3278 appends to the results only three concepts (VisitingProfessor, 

FullProfessor and Student all subconcepts), and the path to P2178 – P3078 adds six 

concepts. In addition, these six concepts are one superconcept, three closeto and three 

subconcepts of concepts from previous queries, which by our settings are more 
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relevant to the enrichment (subconcept > superconcept > closeto). By this means, we 

can say that the path P2178 – P3078 is richer in acquiring semantic concepts for this 

query than the path P2178 – P3278. 

In Query 2, the difference between the AccEM from paths P2178 – P3578 and 

P2178 – P3378 could be justified not only by the number of enriched concepts 

returned, but also by their types: in the first one, we have two subconcept, two closeto 

concepts and one superconcept; the second has one subconcept only. As we have said 

for the losses measures, the enrichment measures could be used to find close related 

peers for a single query in a given scenario. 

In this light, the goal of our experiments is to provide IQ criteria measures from 

the reformulated query. As stated in the work motivation, a semantic query routing 

mechanism [Freire et al. 2012; Arivazhagu & Srinivasan 2012; Faye et al. 2007] can take 

into consideration our IQ measures as one more parameter to help the decision to 

stop or continuing with the query routing. In the same manner, our measures may be 

used in the super-peer selection problem [Min et al. 2006] and semantic topology 

construction [Eyal & Gal 2009], in a scenario where we are focusing on a specific 

subset of queries. For that, the peers that compose the network could send its IQ 

measures for such queries and the system could use the measures to assist the 

mentioned problems. 

5.3.  Concluding Remarks 

The most important conclusion of the experiments is that they have shown the use of 

IQ criteria to obtain semantic measures for query reformulations. We have run 

experiments considering the losses measures and the enrichment measures. We have 

obtained results that show its usage. 

 In those experiments, we have used the PDMS SPEED that allows issuing query 

against a set of semantic interconnected peers. The IQ criteria QuLM and AccLM were 

computed to estimate the semantic loss between a pair of peers and to estimate the 

overall semantic loss in a query path, respectively. In the same way, we have estimated 

the semantic enrichment between a pair of peers using the QuEM measure and the 

overall semantic enrichment in a query path using the AccEM measure.  

 In this sense, the experimental results have supported that the use of semantic 

IQ measures is important to track the semantics of the reformulated query during the 

process of query reformulation between pairs of peers. The measures can also assist 

others PDMS functionalities. 

 Next chapter presents the conclusions of the work and points out some future 

work that can be accomplished. 
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CHAPTER 6 

 

“Science never solves a problem 

 without creating ten more.” 

George Bernard Shaw 

Conclusions 

 

PDMS as an example of Dynamic Distributed Environments (DDE) have special 

characteristics such as highly dynamicity and a set of heterogeneous and autonomous 

peers. Some PDMS are based on semantics and are composed by peers that export its 

schema as ontology, e.g., SPEED. During the query reformulation process peers may be 

unavailable, change their schema, have incomplete information and do not provide all 

concepts requested by the query. The problem of semantic loss discussed in some 

works [Delveroudis  & Lekeas 2007; Kantere et al. 2009; Roth et al. 2006] can arise 

during the query reformulation process, and may contribute to an inaccurate answer 

to the user’s query. 

 Information Quality (IQ) has been used in some works related to DDE and has 

proved to be a key factor in providing dynamic measures to DDE’s elements [Batista 

2008; Yeganeh et al. 2009]. In that way, we have narrowed our attention to the 

analysis of IQ criteria during the query reformulation process among peers in a PDMS. 

During the reformulation, the query may suffer some semantic losses because some of 

the query concepts are not covered in the target peer schema. Otherwise, in such 

semantic environment like SPEED, in addition to semantic losses, the query can be 

enriched with related semantic concepts, and aggregate more semantics to the query. 

The SPEED matching mechanism SemMatcher [Pires et al. 2009] is responsible for 

specifying the semantic correspondences between peers’ exported schema. In this 

way, we have provided IQ criteria measures that can estimate the loss and enrichment 

of semantic concepts during query reformulation process among peers. 

 Our four IQ criteria, the Query Loss Measure (QuLM), the Accumulated Loss 

Measure (AccLM), the Query Enrichment Measure (QuEM) and the Accumulated 

Enrichment Measure (AccEM) were specified, implemented, and evaluated using the 

SPEED PDMS.  

 For the validation concern our IQ criteria have been evaluated in SPEED with a 

set of interconnected peers. The queries issued had the IQ criteria estimated based on 
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equivalent and extra semantic related concepts found in the corresponding domain 

ontology. The results obtained show that the measures can be used to track the level 

of loss and enrichment that a query may suffer during query reformulation process. 

This chapter is organized as follows: Section 6.1 discusses the contribution 

achieved with this research; Section 6.2 points some directions in which this research 

could be extended; and Section 6.3 concludes the dissertation with some remarks.  

6.1. Main Contributions 

The contributions of this dissertation are listed as follows: 

 The clarification and definition of both terms semantic loss and query 

degradation 

Some authors [Aberer et al. 2003; Kantere et al. 2009; Mena et al. 2000] use 

both terms semantic loss and query degradation interchangeably. Despite the 

concepts are close, we define them in another suitable fashion. Semantic loss is 

about loss of semantic concepts between a pair of peers during query 

reformulation over heterogeneous schemas, otherwise, query degradation is 

the accumulated semantic loss suffered by a query after successive 

reformulations over neighbor peer schemas. 

 The specification of four Information Quality criteria for query reformulation 

analysis 

We specified four IQ criteria to keep track about the loss and enrichment of 

semantic concepts during query reformulation among peers. We analyzed two 

types of query reformulation, an exact and an enriched one. We also estimated 

the accumulated semantic loss and enrichment in a query path. 

 

 The validation of our proposal with the implementation and experiments in 

the SPEED environment 

We have set up several peers and provided the IQ criteria measures for each 

query reformulation. 

 

 Published papers 

During the development of our work we had some published papers. The first 

work [Souza et al. 2011] brings a perspective about the subjects to be 

investigated and some future works. The next work [Souza et al. 2012], 

addresses the semantic loss problem during query reformulation and suggests 

two IQ criteria to be used. In the work of Freire [Freire et al. 2012c] we have 

defined two IQ criteria to measure the loss and enrichment of concepts from 

the reformulated query. As a consequence of the latter work we have been 

invited to extend our paper to be published in a journal [Freire et al. 2013].  
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6.2. Future Work 

We consider that our work achieved the proposed goals presented in Chapter 1. 

Nevertheless, every work deserves extensions and/or improvements. In this way, we 

list some possible direction for research on the analysis of query reformulation 

involving information quality. They are briefly described as follows:  

 The investigation of IQ criteria to be used for evaluation of other elements 

The work of Wang and Strong [1996] compiled a set of IQ criteria to be used in 

the evaluation of the system process. Many authors have been using them for 

IQ evaluation [Yeganeh et al. 2009; Berti-Équille et al. 2011; Souza et al. 2012]. 

We consider as future work,  the investigation and use of some of authors’ 

proposed criteria to be used in other elements evaluation, such as data, peer, 

peer schema, query answer, query reformulation. 

 

 The creation of a unique IQ score for evaluating the query path 

During query reformulation process, the IQ measures are provided as two 

distinct values, one for the loss AccLM (negative) and one for the enrichment 

AccEM (positive). It is desirable that the system provides a unique (global) value 

for the query route, combining the IQ criteria. With this unique quality value it 

is possible to create a ranking list of the available routes. 

 

 Quality of Data 

In our contribution we are assessing the loss and enrichment of semantic 

concepts during query reformulation. It is desirable that IQ criteria analysis 

should be used to evaluate also the quality of the returned data. 

 

 To run our experiments in a real scenario 

SPEED is a PDMS prototype that simulates each peer as an independent 

process. It is wanted that the system executes in a completely distributed way 

where each peer is executed in a distinct computer in order to evaluate our 

measures. 
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APPENDIX A 

Education Domain Ontologies 

 

In this appendix, we present the exported schema (ontology) for each peer used in the 

experiments in Chapter 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A. 1 Peer P2178 schema. 
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Figure A. 2 Peer P2278 schema. 

Figure A. 3 Peer P2378 schema. 

Figure A. 4 Peer P2478 schema. 
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Figure A. 5 Peer P2578 schema. 

Figure A. 6 Peer P2678 schema. 
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Figure A. 7 Peer P2778 schema. 

 

Figure A. 8 Peer P2878 schema. 
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Figure A. 8 Peer P2978 schema. 

 

Figure A. 9 Peer P3078 schema. 

 

Figure A. 12 Peer P3278 schema. 
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Figure A. 10 Peer P3378 schema. 

 

Figure A. 11 Peer P3578 schema. 

 


