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Motivation

� Dynamic distributed environments are composed by 

autonomous and heterogeneous data sources – peerspeers

� Peers are semantically connected to each other by 

means of mappings or correspondencescorrespondences
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Motivation – our focus

How to reformulatereformulate queries among the peers, 

in such a way that the resulting set of answers set of answers 

expresses, as close as possible, what the usersusers

intended to obtain at query submission time, 

considering the dynamicitydynamicity of the environment ?? 



4

Query Reformulation

I. Querying distributed data sources should be

usefuluseful for users

�Resulting query answers should be in conformance with 

users’ preferences.

� It is not useful for users when they do not receive any 

answer at all.

II. Concepts from a source peer do not always have 

exact corresponding concepts exact corresponding concepts in a target one

��Empty reformulation Empty reformulation and, possibly, no answer to the 
user.
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Outline

�Applying Semantics to Query Reformulation

�The SemRefSemRef Approach

�Experiments and Results

�Related Work

�Conclusions and Further Work
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Our Rationale

�� UsingUsing semanticssemantics to enhance the reformulation

We use contextual informationcontextual information

II. The original query should be adaptedadapted to bridge the   

gap between the two sets of concepts

We use query enrichment query enrichment 

I.I. UsersUsers’’ preferences, query semantics preferences, query semantics and the 

current status of the environmentcurrent status of the environment should be taken 

into account at query reformulation time
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Setting for our Approach

�� TwoTwo query reformulations may be produced:

�an exactexact one, considering only equivalence 

correspondences; and 

�an enrichedenriched one, resulting from the set of other 

correspondences. 

� Users will be provided with a set of expandedexpanded answers. 

� Goal: find reformulated 

queries of QQ expressed in 
terms of the concepts of O2

� Schemas are represented as 
ontologies

I
1

I
2

PPPP1111
{{{{CoCoCoCo12121212}}}} PPPP2222

QQQQ
QQQQexactexactexactexact

QQQQenrichedenrichedenrichedenriched
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Using Domain Ontologies to Identify 

Semantic Correspondences 

� We use Domain Domain 

OntologiesOntologies –– DO DO as 

background knowldege to 

identify semantic 

correspondences 

� To bridge the conceptual 

differencesdifferences or similaritiessimilarities

between two overlapping 

ontologies

� Matching Ontologies are 

terminologically 

normalized normalized according to 

the DO 

 DomainOntology (DO)

O1 O2

≡
≡

x
y

k
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Using Domain Ontologies to Identify 

Semantic Correspondences 

� A Semantic CorrespondenceSemantic Correspondence is defined as one of the 

following expressions:

1. O1:x      O2:y, an isEquivalentTo correspondence

2. O1:x      O2:y, an isSubConceptOf correspondence

3. O1:x      O2:y, an isSuperConceptOf correspondence

4. O1:x      O2:y, an isPartOf correspondence

5. O1:x       O2:y, an isWholeOf correspondence

6. O1:x       O2:y, an isCloseTo correspondence

7. O1:x        O2:y, an isDisjointWith correspondence

where x and y are elements (concepts/properties) belonging to the 
matching ontologies O1 and O2. 
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Using Domain Ontologies to Identify 

Semantic Correspondences 

DO

O1 O2

≡
≡

≈
x

y

k z

IsCloseTo
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Using a Domain Ontology to Define 

Semantic Correspondences

� O1:k and O2:z are close if

� They share a common 

ancestor in the DO

� The common ancestor is 

not the root

� The concepts do not hold

any subsumption nor 

disjointness

� The measured depths are 

evaluated to true

DO

O1 O2

≡
≡

≈
x

y

k z

IsCloseTo

a

Example: 

O1.Notebook      O2.MacintoshPC
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Using Context in Query Reformulation

�� User Context User Context (preferences):

� Exact reformulation is the default option

� Enriching variables: ApproximateApproximate, SpecializeSpecialize, GeneralizeGeneralize, 

and ComposeCompose.

�� Query Context: Query Context: Query semantics  + Query reformulation mode

�� RestrictedRestricted: the priority is to produce an exact reformulation, 

although if it results empty, then an enriched reformulation 

may be provided

�� ExpandedExpanded: exact and enriched reformulations are to be 

produced.

�� Environment Context: Environment Context: path_length (number of subsequent 

reformulations) + submission peer’s identification and its neighbors 

context.
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General Principle of Applying Semantics to 

Query Reformulation

OntologyO1 OntologyO2

O1:C O2:O 

O1:A O2:A 

O1:E O2:N 

O1:G O2:M 

Semantic

Correspondences Co12

QQQQ over O1 SemRef

QQQQexactexactexactexact over O2 

(considering

correspondence) 

QQQQenrichedenrichedenrichedenriched over O2

(considering the other

correspondences)

...

Context of

the Query

Context of

the User

Context of the

Environment
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The SemRef Approach – The Algorithm
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The SemRef Approach – The Algorithm

Enriching 

Variables

Approximate

Compose

Specialize

Generalize

Mode

Produced 

Reformulated 

Queries

Expanded Restricted

At least one is 

TRUE

TRUE FALSE Exact

Enriched

All are FALSE TRUE FALSE Exact

At least one is 

TRUE

FALSE TRUE Exact 

Enriched, if Exact is 

EMPTY

All are FALSE FALSE TRUE Exact
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The SemRef Approach – The Algorithm

SemRefSemRefSemRefSemRef (Q,(Q,(Q,(Q, PPPP1111,,,, PPPP2222,,,, Co[OCo[OCo[OCo[O1111,O,O,O,O2222],],],], MODE,MODE,MODE,MODE, REF_VARREF_VARREF_VARREF_VAR,,,, QQQQexactexactexactexact,,,, QQQQenrichedenrichedenrichedenriched))))

Input: Input: Input: Input: Q, P1, P2, Co[O1,O2], MODE, REF_VAR

Output: Output: Output: Output: Qexact, Qenriched

1. For each conjunctive query Qk in Q

2. Find exact reformulation Qk_exact of Qk

3. If (one of APPROXIMATE, COMPOSE, SPECIALIZE, GENERALIZE is TRUE)

4. Then 

5. Find enriched reformulation Qk_enriched of Qk

6. End For;

7. If (at least one of Qk_exact ≠ ∅) 

8. Then 

9. Build final exact reformulation Qexact of Q

10. Else Qexact ←∅

11. If ((MODE is expanded) or (MODE is restricted and Qexact is empty)) and 

12. (at least one of Qk_enriched ≠ ∅)

13. Then

14. Build final enriched reformulation Qenriched of Q

15. Else Qenriched ← ∅

16. End SemRef;               
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The SemRef Approach – Main steps through

an Example

CoCoCoCo12121212 for O1:FacultyFacultyFacultyFaculty

O1:Faculty O2:Faculty

O1:Faculty O2:Worker

O1:Faculty O2:AdministrativeStaff

O1:Faculty O2:Assistant
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The SemRef Approach – Main steps through

an example

CoCoCoCo12121212 for O1:AssistantProfessor

O1:AssistantProfessor O2:VisitingProfessor

O1:AssistantProfessor O2:Professor

O1:AssistantProfessor O2:AssociateProfessor

O1:AssistantProfessor O2:FullProfessor
S1C1 = {  }

S2C1= {VisitingProfessor}

Neg_S2C1 = {AssociateProfessor, FullProfessor }
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Implementation Issues – SemRef Module 

(i)
(ii)

(iii)



20

Implementation Issues – SemRef Module 

Templates
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Experiments and Results
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Related Work
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Metadata in a Catalog Translation Rules, using 
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Cruz 2006]
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Mapping Ontology Translation Rules
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Translation Rules
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Translation Rules
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Generalization,
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Domain Ontology, 
Semantics 
underlying 

Correspondences 
and

Contextual 
Information

Exactness and
Enrichment Rules
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Conclusions

� This work has presented a semanticsemantic--based query based query 

reformulation approach reformulation approach instantiated in a PDMS that 

brings together both query enrichment query enrichment and query query 

reformulationreformulation. 

�� SemRefSemRef approach goes beyond traditional correspondences usage 
(e.g., closenesscloseness).

�� SemRefSemRef uses contextual informationcontextual information. 

�� SemRefSemRef prioritizes the generation of exact reformulations but it also 
generates an enriched versionenriched version

� Experiments carried out have shown that considering 
semantics, enriched reformulations are generated, 
providing additional expanded reformulations.additional expanded reformulations.
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Further Work

�� RulesRules are being developed to allow reasoning over the 
contextual information already instantiated in a specific 

context ontology context ontology [Souza et al. 2008]. 

�This reasoning might improve the query reformulation and 
routing processes. 

� We will instantiate additional query reformulation additional query reformulation 

scenarios scenarios which may allow us to work with other 

different contextual settings and with larger datasets. 
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The SemRef Approach – The Algorithm

�� Exact ReformulationExact Reformulation. A reformulation Q’ of a query Q is 

said to be exact (denoted as QQexactexact) if each concept (or 

property) C’ of Q’ is related to a concept (or property) C of Q 

by a Co correspondence, where Co ∈ { }. 

�� Enriched ReformulationEnriched Reformulation. A reformulation Q’ of a query 

Q is said to be enriched (QQenrichedenriched) if each concept (or 

property) C’ of Q’ is related to a concept (or property) C of Q 

by a Co correspondence, 

where Co ∈ { , , ,  ,      ,     }. 


