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Abstract:#The#lack of semantic information#on#disparate data sources in today’s#
heterogeneous#information systems poses a significant#problem#in formulating a multi-
system query, which accurately#reflects user intentions.# This paper presents a#
metadatafapproach that#xploits context information and#semantic network technology#
to# perform# an intelligent semantic integration of diverse data.# Specifically, it#
enhances, augments,#and refines#the original user query to#convey semantically#
relevant context#in an accurate manner. A prototype system#expressing this idea#is#
described, #ind preliminary experiments#using#nvironmental data are presented.

Introduction#

Corporations, governments, researchers, and the general public increasingly#deal#
with#vast amounts of stored#data, in search of#answers to their questions. Since#
there is no#single universal repository#that#contains everything (at least for now),#
the quest for information has#been directed#towards#multiple repositories that#
storedifferent types of#dataswhich#are#used to answer a user query. However, the#
disparities of diverse# data repositories constitute a hard problem for the#
interoperability of heterogeneous information systems. A major problem is to#
identify semantically related objects in different repositories, target the search to#
the most appropriate data sources, and create an integrated view of the#
participating data sources#[KS96].##Many times users are not#even#faware of the#
existencetof#repositories#that may#contain data#quite relevant#o their query, and#
unfortunately#these data sources are not#incorporated#in the#isubmitted#queries.#
Therefore, they unknowingly deprive themselves from accessing sources##which#
may provide not only additional but more precise and succinct results to their#
search. We propose a solution to this problem by#exploiting#icontext information#
and semantic network technology to recommend to the users additional data#
sources that enhance their original query#and#thus,#improve the quality of the#
result. #

#

This paper focuses on the influence of context#and semantic networks#to the#
problem of semantic data integration. #lt is important to understand that when#
users#faccess multiple repositories in search of information,#they#tend#not to be#
explicitly aware#of#their context#-#instead they take it for granted. Contextual#
information#plays a significant role in the#transformation of the user query intofa#
new one, which identifies, captures,fand presents user intentions in a better form,#
because#it incorporates#dditional information reflecting the context.#

#

Semantic networks have been used to help in#semantic data integration: They#are#
graphs containing nodes (corresponding to data sources) and edges (identifying#
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relationships between data sources). Thus, semantic networks#express#the degree#
offsemantic#relevancet#tbetween related#data sources.##They are#quite useful in#
revealing#additional data sources semantically related to the ones in the original#
user query#hat the user might not be aware of. #We claim that the combination of#
context information#vith#emantic networks constitutes a powerful approach to the#
problem of#emantic data integration. The contributions of this paper are:#

i

e Exploitation of various types of context to enhance semantic knowledge on#
background information of user queries. #

¢ Utilization of semantic networks to recommend additional data sources based#
on context.#

e Transformation of the original user query into a new one, which#conveys#
information from#appropriate#contexts#and semantic networks, reflects user#
intent accurately and retrieves more precise results. #

#

We have implemented a prototype system to#use as a test-bed and proof-of-
concept of our solutions, where#an initial user query istaugmented and#ransformed#
to#freturn additional#and/or more precise#iinformation.#The increased amount of#
information has a wider range (since it spans over additional,#yet#semantically#
related data sources that the user may not be aware of##automatically increasing#
its scope) and at the same time is more precise (since it takes various types of#
context into consideration), resulting in more integral and succint information#
retrieval from multiple heterogeneous data sources.#We have#also#performed a#
number of experiments which#verify our#methodology. #

#

The next section presents#background information on context and semantic#
networks.#Following#related work in the areas of#context and semantic data#
integration,#we present our methodology on merging context with semantic#
network technology and transforming#a user query. An evaluation of the prototype#
implementation is discussed and finally we#outline#our conclusions and further#
work. #

Background on Context and Semantic Networks#

This section provides# brief and#ecessary background information on context and#
semantic networks.#tflays the foundation on which we build our contributions for#
semantic data integration based on context and semantic networks. #

#

On Context#

An isolated#statement conveys aficertain#imeaning to the reader. However, if it is#
considered together with otherthearby statements,#its meaning is “in context” and#
the statement#hbecomes more clear, precise, and specific. The context qualifies the#
statement and makes it#more accurate. On the other hand,#f it is extracted from#
thethearbyi#statements#it may#onvey an imprecise meaning,#sometimes a distorted#
meaning, #ompletely different fromithe “in context” meaning. It#s now considered#
to be “out of context”.#We carry this analogy to the user query and we describe a#
methodology to put the user query “in context” by exploiting context information#
to enrich and augment the user query.#

#
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#
In general, we know what we mean when weitalk about#context#in any situation,#
but it is#not easy#to actually define context precisely, because context#is more#
subjective rather than objective. Different people mean different things when they#
refer to context. As such, different people define different contexts. But can we#
come up with a universal definition of context?#There has been significant amount#
of research work based on, and using context, and multiple definitions of context.#
Within the scope of this paper,#we definef#contextfassieverything that surrounds us,#
the environment that contains background information in an interaction betweeni
a user and a computer.#lt#contains background information about the user, the#
computer system, the query that is#submitted,#hat is, all environment#spectsi#that#
exist and surround such interaction.#lt is the state of the user,#along with#the#
physical and computational environment surrounding the user.#The history of user#
actions is#also#onsidered part of context.#
#
When a user poses a query to an information system consisting of multiple#
heterogeneous information repositories, the more information we can provide to#
the system about the user, the query,#and#he semantics of the user’s#quest, #then#
the better result set we can expect to#receive#from the system.#Unfortunately,#
most systems do not consider such information and rely#only#on user input and a#
description of information stored in participating repositories; they may at most#
consider information stored in ontologies and/or#apply semantic techniques.#
However, these approaches do not consider the background or the environment#
where such query is posed. This gap can be filled#when context information is#
provided to the system along with the user query. Context#qualifies#teach user#
request with additional information about the user and the environment, and#
supplies the system with#supplementatry, yet important#input towards a more#
precise answer.#
#
OniSemantic Networks
A semantic network consists of nodes corresponding to data sources and edges#
corresponding to relationships between sources. They have been used in#
philosophy, psychology and more recently#in information and#icomputer science.#
Sowa gives a descriptive outline on the types and use of semantic networks in#
different disciplines in#[S06, S$S92].#Semantic networks have long been used to#
represent relationships#[M61]. They are also known as associative networks,#
Bayesian networks, or causal networks. Semantic networks can be used to#
recommend additional data sources of possible interest to users.#information on#
applying semantic network#techniques#for the quest of relevant but undiscovered#
information in the environmental domain#an be found infCGKO07]. #
#
The semantic#networks#used in this#paper#are directional graphs that contain#
nodes, representing#lata sources, and edges with a relevance score, identifying the#
degree of relevance between the two connected nodes. Figure 1 illustrates a#
semantic network#identifying data sources related to#fish#species.#If a user is#
interested in the ‘Fish#Information’#data source, the semantic network will#
investigate#Stream Temperature, Impervious Surfaces, and Pollution#data sources,#
and possibly#ecommendi#ome of them#o the user.##

#

#
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Fish{ . Streami . Imperviousi

Information# Temperature# Surfaces#

Figure 1. An example semantic networki

#
#
The relevance score is used to infer the relevance between any two nodes in the#
network. lt#identifies the probability of a user interested in data on the source#
node to access data on the target node.#Each relevance score is a conditional#
probability independent of each other#[R94].#For example, the relevance score#
between Fish#information and#tream Temperature is#the conditional probability of#
afuserfinterested in stream temperature given that he or she is interested in fish.#
Pearl has used probabilities in semantic networks and has#applied#statistics and#
probability in causal semantic networks#-#also called causal diagrams or belief#
networks#[P00, P88]. Pearl used various techniques and statistical methods to#
derive a causal or belief network from observed data. #
i
There can be more detailed types of semantic relationships (cause-effect, is-a, and#
is-part-of ) {FKN91, SAKO3]#inking two nodes.#Also closeness, or proximity, defined#
as similarity between data sources can also be used to identify relationships#
[SAKO3]. The edge can also denote multiple relationships between two nodes,#
separated by e.g., different color. For example, red edges may represent is-a#
relationships while blue edges may represent cause-effect relationships. The#
strength of the relationship#is#visually represented as the thickness of the edge in#
[ZRGO5],#n yet another version of semantic networks#alled relevance networks.#n#
this paper, we use probabilities as the only information on the edges. Additional#
meanings and semantics on edgestaretheyond the scope of this paper.#
i
Users in search of data sources may perform a keyword search or submit a regular#
SQL query, which in turn will find data sources that satisfy the#submitted#
conditions.#These data sources#are called#exact answers.##Semantic networks#t
enhance and augment the#exact answers#with additional sources, semantically#
relevant to the exact answers, which the user might not be aware of.#This#can be#
achieved# by# supplying# all data sources whose relevance score# (conditional#
probability)#wvith the exact answers is higher than atuser-definedi#hreshold.

Related Work#

A significant part of scientific literature is related to the use of context not only in#
information related disciplines but also in the social sciences such as psychology#
and sociology. Pomerol and Brezillon examine context and identify#it as external,#
contextual, and proceduralized#/PB99].#Bazire and Brezillon made an analysis on#
150 definitions of context found on the web,#in different domains of cognitive#
science, and concluded that the definition of context depends on the field of#

#
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knowledge it belongs to#[BBO5].#For a comprehensive examination of context#in#
artificial intelligence, databases, communication, and machine learning,#ee#{B96]. #
#

Lieberman and Selker present context in computer systems and describe it as#
“everything that affects the computation except the explicit input and output”#
[LSO0]. This is a definition in line with what we also advocate.# Beyond the#
conceptual definition of context, there is enough research performed within the#
scope of data integration and interoperability using context. Goh et al. present a#
mediator approach where semantic conflicts are detected and reconciled by a#
context mediator#[GBM99].#Context#has also been used as an aid in defining#
semantic similarities between database objects# [KS96].# Several logic-based#
approaches have been used to define context for information integration#{FDF95,#
GBM99, WS01].#McCarthy introduced the #ist(C,p)ipredicate to disambiguate when a#
proposition#p#is true in context#C#M93]. Sowa provides an overview on facts and#
context in{S03]. #

#

Context has been used in multiple settings: Semantic knowledge bases utilize a#
partial understanding of#context; WordNet is such an example, where context is#
expressed in natural language#[F98]. It has also been used to provide better#
algorithms for ranked answers by incorporating context into the query answering#
mechanism#ARTO6]#and to improve query retrieval accuracy#STZ05]. Graphs that#
represent context have also been used to provide focused crawling to identify#
relevant topical pages on the web#DCLO0]. Examples of context use in software#
agents, sensors and embedded devices can be found in#LS00]. Methods to model#
and represent context for sensor fusion using relational database model are#
described in{WSAQ2].#

#

The problem of information integration has also attracted a lot of research work.#
Several approaches on schema and data integration have been#presented#over the#
years#{BLN86, 0S99, RB0O1]. There has been a significant amount of work on data#
integration, especially on resolving discrepancies of different data schemas using a#
global (mediated) schema#{FLM99, LRO96, MBD05, MHHO1, PGU96, RBO1, RPHO2].#
Also, there exists work on decentralized data sharing{BLL04, DDHO3, HISO3, RGJO5,#
THO4]#and on integrating#data in web-based databases#[BLL04, CHZO05, DBO3]. #
Clustering, classification and ontologies have also been used as a tool to solve#
semantic heterogeneity problems#DH05, JZ04, KS03, RP04, SAAO4, SAKO3, SBAO2,#
ZR02, ZR04].# The# discovery of# semantic similarity in# [FKN91]# based on#
generalization/specialization, and positive/negative association between classes#is#
also quite relevant, as well as#discovering and ranking semantic relationships for#
the semantic web#AHAQ5, SAAO4]. #

#

Our approach#is relevant to the specification of relationships among database#
objects stored in heterogeneous database systems#{GKG97, KRS99, RSK91, SK93].#
We have created a methodology to derive semantic relationships among data#
sources based on source descriptions#pf participating information repositories using#
a#metadata#approach. Quite related is the work on ConceptNET,#a large scale#
concept base#that#icaptures common sense concepts#{LS04]#which utilize context#
information. #

#
m #
© IBIS#-4#lssue 1 (3), 20064 13




http://www.ibis-journal.net ISSN:1862-6378# IBIS#-#ssue 1 (3). 2006+
#

Data Integration#using Context and Semantic Networks#

Context#plays a significant role in answering queries which may be affected by#
changes in contextual information.# For example, sudden changes in the#
environment#may affect#the result of a query of a scientist who is looking for the#
reason of the decline of fish population in a stream.#f the pollution levels of#the#
stream drastically increase due to a pollutant spillage in a nearby industrial#
factory, #this information provides the key answer to the user’s query, but only if#
context information is provided to the system.##Note that the user may not be#
aware#of such contextual#information#that has such an impact#on#the original#
query. In our example, the user may be unaware of thefpollutant spillage,#which is#
the key information and provides the exact reason for the drop in fish population.#
Therefore, #it is quite important to use context and#discover data sources that#are#
semantically#elevant#and incorporate them#nto an enhanced query.#

#

When context information is captured and submitted to the semantic network#
along with the original user query, the semantic#network produces a list of#
additional data sources which are potentially relevant to the user’s search. In our#
example, the semantic network would produce a list of data sources which contain#
pollution#ata. #

#
UseriQuery# .
Extractori | Relevanty
"1 Information#
Contexts f
v
Recommendation: | Semantici
¢ Network#
Users ?
Feedback#
| > Querys | Enhancedi
i Rewrite# > query#

Figure 2.iEnhancing a user query with context information and additional relevant}
semantics using a semantic network#

Figure 2#illustrates the flow of a user query and the transformations that it##
undergoes#to encapsulate context information#and recommendation of additional#
sources, as it passes through#our system.#nitially#both#the user query and context#
information#are#submitted to the#system. An extraction process retrieves#relevant#
information from the user query and the context#{for example,#eywords related to#
the#pollutionfdata source), and presentstit#to the semantic network, which in turn#
produces#a set of recommended data sources potentially interesting to the user,#
and related to the query. These recommendationstaretevaluated by the user, who#

#
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has the ablility to accept#or#irejectsieach one#of them.#At this point#the user may#
fine-tune the search query,#and/or#resubmit to the semantic network and possibly#
provide a different threshold for relevant#recommendations. This cycle may#
continue until the user is satisfied with the#system’s recommendations.#inaly, the#
original query#will be re-written to capture#the#recommended#data sources#
(pollution data source)#and#relevant context information. This is the final,#
enhanced#query that will be decomposed#and#submitted#to the participating#
sources. #

HH

Several#softwares#components#are needed to#ealize the above concept and to take#
advantage# of context# information# for better and more accurate semantic#
integration of heterogeneous resources.#A simplified design of our system is#
presented in Figure 3, which depicts three high level components:# (i)#User#
Interface, for the interaction between users and the system,# (ii) Intelligent#
Integration, #for the enhancement and#transformation#of the initial user query to#
another one,#semantically more applicable through the use of context and#
semantic networks,# and# (iii) participating Data Sources, which are# various#
repositories of information possibly heterogeneous; we assume that each data#
source has a wrapper which helps facilitate interoperability between the user and#
the data sources. #

#

User Interfacet <}:{>, Intelligent Integration# K — Data Sourcest

Extractor DataiSourcet
Descriptions#

Context Managert

Useri Applicationt
Context# Contexti

Semantici Conversioni
Network# Functions#
Environmenti Othert .
Rewrite#
Context Layeri Semantic Integration Layer#

Figure 3. Major modules of the Intelligent Integration component of our systemi

[
The Intelligent Integration component#is depicted in more detail. It is divided into#
two complementary layers: The Context Layertand the Semantic Integration Layer.#
i
The#Context Layeri#stores information on various types of context,#to assist in#
identifying#the contextual information that is relevant to the user query andithus,#

fi
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to supplement the query with its relevant context.#lt#consists of#the Context#
Manager and various types of contexts.##

The#iContext Managertis the software module in charge of all context information#
which is collected in#bur system. There are several types of context in our system:#
#

e User Context# contains information specific to users such as personal#
information, recent interests, occupation, etc.#

e Application Context#contains information about the application specifics,#such#
as type of Operating System, domain of application, information about the#
user’s computer, etc.#

e Environment Context#collects information about environmental conditions,#
such as temperature, significant events and their values, etc.#

e Other Context#is#used as a place holder for additional information that is#
collected and does not fit in any of the previous context categories. ##

#

Note that there are additional categories of context which do exist, but are not#
captured in our system. We acknowledge that it is unlikely to capture all possible#
types of context and their values in a computer system, since there will always be#
additional information contributing to context. We limit ourselves in collecting#
information about the above categories of context that#are defined in our system,#
and we do not claim that we can capture all possible context types.#

#

Thei#Semantic Integration Layeritakes advantage of the query context and utilizes#
the semantic network to#perform the query enrichment#process#as described in#
Figure 2. It also interoperates#with the participating data sources for information#
exchange and data integration. #

i

e Extractor,# Semantic Network, Query Rewrite: These are the software#
components that extract keywords from the user query and the relevant#
contexts, pass this information#to#the semantic network to identify additional#
relevant sources and perform a query rewrite to encompass all the above#
information into a new query#after receiving user feedback).#

e Data Source Descriptions, Conversion Functions,#Mediator: These modules#t
assist in the submission and execution of the user’s query#at#the data sources.#
As such, this layer contains descriptions about the data sources, conversion#
functions for mappings between different data formats, and a mediator for#
managing and overseeing data exchange and processing between our system#
and the participating data sourcesfW92].#

i

The Extractor is a simple component that extracts keywords from the user query#
and the relevant contexts. The semantic network recommends additional relevant#
data sources (for details#see #[CGKO7]). The Query Rewrite component uses a#
simple algorithm to#transform the initial query into an enhanced one#as follows:#
First, the relevant keywords are extracted from#the contexts and the semantic#
network. Then each data source (corresponding to a relevant keyword) is added in#
the FROM clause of the original user query, and the necessary joins are included in#
the WHERE clause. The SELECT clause is also augmented with the joining attributes#
and all attributes that are common in the used contexts. #fThes#enhanced#query is#
provided to the Mediator for further processing. The Mediator decomposes the#
query into subqueries, submits them to the participating data sources (information#

#
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repositories), taking care of possible incompatibilities using the conversion#
functions, collects the subquery results from the data sources, and performs a#
post-processing step to put together the various subquery results and present the#
final result#o the user.#

Implementation and Evaluation#

We have implemented a prototype system to demonstrate the validity of our#
methodology. We used environmental domain#data#o exhibitithe improvement we#
gained by running the transformed user query through the described techniques,#
and#compared#it#with the#initial user query#without passing it through the#
Intelligent Integration component. ##

#

Our#experimental#setting#icontains descriptions of several data sources.#The first#
data souce holds#information related to#fish#species, their population,#and#the#
location#they live in (stream, lake, ocean, etc.). The second#data source#contains#
information about#the environment, such as temperature, pollution, pollutants and#
how to treat contaminated areas. We also collect information about the users, such#
as name, profession, hobbies, and most importantly a history of#heir#past queries.#
Several components#of the above information#are#also part of the context: Data#
related to#user profiles#(hobbies, past queries), and environment (pollutant,#
pollution,#and temperatures)#are#identified as User Context and Environment#
Context, respectively.#or this particularfexperimentiwe did not use Application or#
Other Context. #

#

Picture# the following scenario:# A marine biologist is interested in# getting#
information about the population of the Atlantic salmon in a specific geographic#
area.#The user accesses the#ish#nformation #lata source and submits a query. The#
result of this query shows#aibig drop#in salmon population over#time:i#he fish count#
decreased from about 500 down to 182#-#a significant#fall#within three weeks.#
Puzzled by thesethumbers, the marine biologist is intrigued to find the reasons for#
this#decline. #Note that this query was submitted#to a single data sourceswithout#
enhancement, and the only information that is revealed is the decline in salmon#
population. ##

i

Next, the user submits the same query to our prototype.#he Intelligent Integration#
component consults#the User and Environment Contexts, and the Extractor#
identifies additional keywords (“temperature”, “location”)#from these contexts.#
These keywords along with the original keyword “fish”#are submitted to the#
semantic network, which in turn recommends the pollution data source to be#
incorporated into the user query#since it is semantically related and indirectly#
connected to the Fish Information source.#The marine biologist concurs and the#
initial query is being transformed into an enhanced one by the Query Rewrite#
component. Now the query spans both data sources, fishiand pollution. ##

#

This time, the transformed query retrieves not only#information about#salmon#
population, but pollution levels over the same time period. ##

fi
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#
select name, count_date, count | select f.name, fc.count_date, fc.count,
from Fish, fish_count p.location_name, p.-pollution_level
where fish.name = "Salmon* from fish f, fish_count fc, pollution p,
and fish.id = fish_count.id water_container w
order by count_date; where f.name = "Salmon® and f.id = fc.id
and f.loc_id = w.id
and w.name = p.location_name
order by count_date;
(@# (b)
#
Figure 4.#a) Original user query, andf{b) Enhanced user query#
#
#

Figure 4 shows simplified versions of the original user query and the enhanced#
query as was transformed by the Query Rewrite component after consulting the#
contexts and the recommendations of the semantic network. #

Salmon population and stream pollution
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Figuret5. Salmon population and wateripollution measures over a time periodi #

Figuresbhdillustrates#partial#results of the enhanced user query#as a plot. It identifie.f#
that#the decrease in#salmon population#follows an increase int#pollution levelstover#
the same time period. The two plotted lines together provide a#satisfactory#
explanation to the#marine biologist, who now#knows that#the increased pollution#
levels#caused#the decline in fish counts.#We performed a number of additional#
scenarios and all had similar results. ##

Conclusions and Further Work#

In this paper we presented a methodology, which#exploits#context information and#
semantic networks to assist in the semantic data integration of heterogeneous#
information systems. The main contribution#of this paper#is the#combined#use of#
both#context and semantic network#techniques#tofrecommend to users#additional#

#
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data sources that are relevant to the original query and convey context#
information. The original user query is transformed#into anf#enhanced query, which#
succintly conveys the intention of the user; thus, when submitted to the#data#
sources#it returns results that better match the initial user intent, as it#
incorporates information about context and semantics.##We implemented a#
prototype system and performed a experiments which verified our claims. #

#

We plan to expand our work and apply statistical models to context and analyze#
semantic networks through statistics.#in addition, we plan to monitor changes in#
the context and dynamically update semantic networks#ising Even-Condition-Action#
(ECA) rules using the#Oracle DBMS#which#provides#an#Expression Filter facility to#
automatically implement ECA rules§005, TGPO5]. #
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