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OutlineOutline

Data sharing in PDMSData sharing in PDMS

OntologyOntology--based ETL designbased ETL design



Peer Data Management SystemsPeer Data Management Systems

P2P networksP2P networks

massive sharing of structured or unstructured datamassive sharing of structured or unstructured data

Structured vs. unstructured overlaysStructured vs. unstructured overlays

StructuredStructured
data is indexed and stored at peers with predata is indexed and stored at peers with pre--specified specified 
characteristics, e.g. peer idcharacteristics, e.g. peer id
peers are connected to specific peerspeers are connected to specific peers

UnstructuredUnstructured
no preno pre--specified connection of peers and storage/indexing of specified connection of peers and storage/indexing of 
datadata



Problem descriptionProblem description

An unstructured PDMSAn unstructured PDMS

local relational databaselocal relational database

pairwisepairwise mappings of the forms GAV/LAV/GLAVmappings of the forms GAV/LAV/GLAV

SPJ queriesSPJ queries
expressed on the local schemaexpressed on the local schema
reformulated according to the mappingsreformulated according to the mappings

An OWL ontology describing the application domainAn OWL ontology describing the application domain



Problem description (contProblem description (cont’’d)d)

Semantic peer Semantic peer PP = (= (RR, , OO, , AA))

RR: local database schema: local database schema

OO: the domain ontology: the domain ontology

AA: semantic annotation: semantic annotation

Two issuesTwo issues

Semantic similarity between peer schemasSemantic similarity between peer schemas

Semantic similarity between reformulated queriesSemantic similarity between reformulated queries



Sample ontology and peer schemasSample ontology and peer schemas

PP11 : bands ( name, members, year ): bands ( name, members, year )

PP22 : bands ( name, singer, year ): bands ( name, singer, year )

MMPP1 1 ,, PP22 : bands ( name, members, year ) :: bands ( name, members, year ) :-- bands ( name, singer, year )bands ( name, singer, year )



Semantic annotationsSemantic annotations

PP11 : bands having at least one album: bands having at least one album

PP22 : bands that play Jazz music, were formed before the year : bands that play Jazz music, were formed before the year 
2000, and have released at least 3 albums2000, and have released at least 3 albums

≡ ≥1  1Band_P     Band  п released

≡ ∀ ≥2  3Band_P     Band  п   type.Jazz  п released 

∀ ≤ п  year.( 2000) 



Comparison of peer schemasComparison of peer schemas

Express the degree of relevance between the interests of Express the degree of relevance between the interests of 
peers (subset, superset, overlap, etc.)peers (subset, superset, overlap, etc.)

Semantic similarity is assessed by comparing the classes Semantic similarity is assessed by comparing the classes 
annotating the peer schemasannotating the peer schemas

The similarity function needs to be asymmetricThe similarity function needs to be asymmetric



Recall and PrecisionRecall and Precision

Use notions Use notions recallrecall and and precisionprecision from Information Retrievalfrom Information Retrieval
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Adapting recall and precisionAdapting recall and precision

We adapt the notions of recall and precision as follows:We adapt the notions of recall and precision as follows:
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Semantic similaritySemantic similarity

Similarity is assessed by the semantic information provided Similarity is assessed by the semantic information provided 
by the ontologyby the ontology

class hierarchyclass hierarchy

propertiesproperties
property hierarchyproperty hierarchy
value and cardinality restrictionsvalue and cardinality restrictions



Calculating recall and precisionCalculating recall and precision

Based on the class hierarchyBased on the class hierarchy

ratio of common ancestorsratio of common ancestors
similarity increases with the hierarchy depthsimilarity increases with the hierarchy depth
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Calculating recall and precision (contCalculating recall and precision (cont’’d)d)

Based on the properties of classesBased on the properties of classes

property hierarchyproperty hierarchy

1 2
1 2

2

| ( )  ( ) |( ,  )  
| ( ) |

A p A precall p p
A p
∩

=

1 2
1 2

1

| ( )  ( ) |( ,  )  
| ( ) |

A p A pprecision p p
A p
∩

=



Calculating recall and precision (contCalculating recall and precision (cont’’d)d)

Based on the properties of classes (contBased on the properties of classes (cont’’d)d)

property restrictionsproperty restrictions
value restrictions on object properties:value restrictions on object properties:
value restrictions on value restrictions on datatypedatatype properties:properties:
cardinality restrictions: cardinality restrictions: 

∀ type.Jazz
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Calculating recall and precision (contCalculating recall and precision (cont’’d)d)

Based on the properties of classes (contBased on the properties of classes (cont’’d)d)

combining property hierarchy and restrictionscombining property hierarchy and restrictions
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Calculating recall and precision (contCalculating recall and precision (cont’’d)d)

Based on the properties of classes (contBased on the properties of classes (cont’’d)d)
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Calculating recall and precision (contCalculating recall and precision (cont’’d)d)

Extending to sets of classesExtending to sets of classes
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Query reformulationQuery reformulation

A query A query QQoo is forwarded from peer Pis forwarded from peer Pii to peer to peer PPjj, and is , and is 
reformulated as reformulated as QQrr

some attributes may not be rewrittensome attributes may not be rewritten

some attributes may be rewritten approximatelysome attributes may be rewritten approximately

some conditions may be lostsome conditions may be lost

some conditions may be insertedsome conditions may be inserted



Extending the similarity measureExtending the similarity measure

Rewritten attributesRewritten attributes

t was rewritten to tt was rewritten to t΄́
recall( t , trecall( t , t΄́ ) = recall( p) = recall( pt t , p, ptt΄́ ))
precision( t , tprecision( t , t΄́ ) = precision( p) = precision( pt t , p, ptt΄́ ))

t was not rewrittent was not rewritten
recall = 0recall = 0
precision is not affectedprecision is not affected



Extending the similarity measure (contExtending the similarity measure (cont’’d)d)

Rewritten conditionsRewritten conditions

1.1. A query A query QQoo is issued at peer Pis issued at peer Pii

2.2. CCQQoo the set of classes annotating the relations in the set of classes annotating the relations in QQoo

3.3. CCQQo,eo,e the classes in the classes in CCQQoo enhanced with additional value enhanced with additional value 
restrictions, according to the conditions specified in restrictions, according to the conditions specified in QQoo

4.4. QQoo is forwarded to peer is forwarded to peer PPjj and is rewritten as and is rewritten as QQrr

5.5. CCQQr,er,e apply sapply steps 2 and 3 for teps 2 and 3 for QQrr



ExampleExample

QQoo: SELECT  name,  members,  year  FROM  bands : SELECT  name,  members,  year  FROM  bands 
WHERE  year WHERE  year ≥≥ 1980  AND  year < 19901980  AND  year < 1990

CCQQo,eo,e::

Qr: SELECT  name,  singer,  year  FROM  bands       
WHERE  year ≥≥ 1980  AND  year < 1990

CCQQr,er,e::

≡ ≥ ∀1  1Band_P   Band п released п  year.([1980,1990))

≡ ∀ ≥2  3Band_P   Band п  type.Jazz п released

∀п  year.([1980,1990))



Similarity measure for rewritten queriesSimilarity measure for rewritten queries

Combine results for attributes and conditionsCombine results for attributes and conditions

, , , ,

 ( )

( , )
( , , , )    ( , )

| ( ) |
o

o e r e o e r e

t t
t S Q

Q Q o r Q Q
o

recall p p
recall C C Q Q recall C C

S Q

′
∈= ⋅
∑

, , , ,

 ( )

( , )
( , , , )    ( , )

| ( ) |
r

o e r e o e r e

t t
t S Q

Q Q o r Q Q
r

precision p p
precision C C Q Q precision C C

S Q

′
∈= ⋅
∑



OutlineOutline

Data sharing in PDMSData sharing in PDMS

OntologyOntology--based ETL designbased ETL design



ExtractExtract--TransformTransform--Load (ETL)Load (ETL)



Problem descriptionProblem description

The problem of heterogeneity in data sourcesThe problem of heterogeneity in data sources

structural heterogeneitystructural heterogeneity
data stored under different schematadata stored under different schemata

semantic heterogeneitysemantic heterogeneity
different naming conventionsdifferent naming conventions

e.g., homonyms, synonymse.g., homonyms, synonyms
different representation formats different representation formats 

e.g., units of measurement, currencies, encodingse.g., units of measurement, currencies, encodings
different ranges of valuesdifferent ranges of values

Two main goalsTwo main goals

specify interspecify inter--schema mappingsschema mappings

identify appropriate transformationsidentify appropriate transformations



OverviewOverview

Construct a suitable application ontologyConstruct a suitable application ontology

Annotate the Annotate the datastoresdatastores

establish mappings between the establish mappings between the datastoredatastore schemas and the schemas and the 
ontologyontology

Apply reasoning techniques toApply reasoning techniques to

select relevant sourcesselect relevant sources

to identify required transformationsto identify required transformations



Reference exampleReference example

streetstreetaddressaddress

citycitysalarysalary

salarysalaryprjprj

projectprojectlnamelname

namenamefnamefname

employeeemployeeempemp

Target schemaTarget schemaSource schemaSource schema

at least 
one

at least 
two

EUR USD, above 
basic



The application ontologyThe application ontology

A suitable application ontology is constructed to modelA suitable application ontology is constructed to model

the concepts of the domainthe concepts of the domain

the relationships between those conceptsthe relationships between those concepts

the attributes characterizing each conceptthe attributes characterizing each concept

the different representation formats or (ranges of) values for ethe different representation formats or (ranges of) values for each ach 
attributeattribute

A graph representation specified for the ontologyA graph representation specified for the ontology

graph nodes graph nodes classesclasses

graph edges graph edges propertiesproperties

visual notationvisual notation
different symbols used for each type of class or propertydifferent symbols used for each type of class or property



Ontology graph notationOntology graph notation



Reference example (contReference example (cont’’d)d)

The application ontology graphThe application ontology graph



DatastoreDatastore AnnotationAnnotation

Semantic annotation Semantic annotation correspondences between the correspondences between the datastoredatastore
schema and the ontologyschema and the ontology

Relations are mapped to conceptRelations are mapped to concept--nodesnodes

Attributes are mapped to nodes of the following types:Attributes are mapped to nodes of the following types:

typetype--nodenode

formatformat--nodenode

rangerange--nodenode

aggregatedaggregated--nodenode

Defined classes are created to express the semantics of the Defined classes are created to express the semantics of the 
schema elementsschema elements



Reference example (contReference example (cont’’d)d)

DatastoreDatastore mappingsmappings



Reference example (contReference example (cont’’d)d)

DatastoreDatastore definitionsdefinitions

S.EmpS.Emp ≡≡ EmployeeEmployee ⊓⊓ ∀∀hasName.NamehasName.Name ⊓⊓ ==11hasNamehasName ⊓⊓
∀∀worksAt.ProjectworksAt.Project ⊓⊓ ≥≥11worksAtworksAt ⊓⊓ ∀∀receives.EURreceives.EUR ⊓⊓
==11receivesreceives ⊓⊓ ∀∀lives.Addresslives.Address ⊓⊓ ==11liveslives

T.EmployeeT.Employee ≡≡ EmployeeEmployee ⊓⊓ ∀∀hasName.NamehasName.Name ⊓⊓
==11hasNamehasName ⊓⊓ ∀∀worksAt.ProjectworksAt.Project ⊓⊓ ≥≥22worksAtworksAt ⊓⊓
∀∀receives.AboveBasicreceives.AboveBasic ⊓⊓ ==11receivesreceives ⊓⊓
∀∀lives.Addresslives.Address ⊓⊓ ==11liveslives



ETL TransformationsETL Transformations

Generic types of ETL transformationsGeneric types of ETL transformations



Generating ETL transformationsGenerating ETL transformations

Two main stepsTwo main steps

select relevant sources to populate a target elementselect relevant sources to populate a target element

identify required data transformationsidentify required data transformations

Based on the use of a reasoner to infer subsumption Based on the use of a reasoner to infer subsumption 
relationships between the defined classes representing the relationships between the defined classes representing the 
datastoresdatastores



Generating ETL transformationsGenerating ETL transformations

Selecting relevant sourcesSelecting relevant sources

a source node a source node nnSS, mapped to class , mapped to class ccSS

a target node a target node nnTT, mapped to class , mapped to class ccTT

nnSS is provider for is provider for nnTT, if, if
ccSS and and ccTT have a common have a common superclasssuperclass

ensures that the integrated data records refer to the same ensures that the integrated data records refer to the same 
kind of entity in the domainkind of entity in the domain

ccSS and and ccTT are not disjointare not disjoint
prevents integration between prevents integration between datastoresdatastores with conflicting with conflicting 
constraintsconstraints



Generating ETL transformationsGenerating ETL transformations

Identifying data transformations (I)Identifying data transformations (I)

a RETRIEVEa RETRIEVE operation for each provider nodeoperation for each provider node

a MERGE operation to combine data from several provider a MERGE operation to combine data from several provider 
nodesnodes

an EXTRACT operation to extract a portion of data from a an EXTRACT operation to extract a portion of data from a 
provider nodeprovider node



Generating ETL transformationsGenerating ETL transformations

Identifying data transformations (II)Identifying data transformations (II)

if if CCSS ≡≡ CCTT or or CCSS ⊏⊏ CCTT , no transformations are required, no transformations are required

if Cif CTT ⊏⊏ CCSS, AGGREGATE, FILTER and/or , AGGREGATE, FILTER and/or 
MINCARD/MAXCARD operations are requiredMINCARD/MAXCARD operations are required

choice of specific choice of specific operation(soperation(s) is based on parsing the class ) is based on parsing the class 
definitions and analyzing the value and cardinality restrictionsdefinitions and analyzing the value and cardinality restrictions
foundfound

else, as previous plus CONVERT operationselse, as previous plus CONVERT operations



Generating ETL transformationsGenerating ETL transformations

Identifying data transformations (III)Identifying data transformations (III)

a JOIN operation to combine a JOIN operation to combine recordsetsrecordsets from nodes, whose from nodes, whose 
corresponding classes are related by a propertycorresponding classes are related by a property

a UNION operation to combine a UNION operation to combine recordsetsrecordsets from nodes, whose from nodes, whose 
corresponding classes have a common corresponding classes have a common superclasssuperclass

a STORE operation to denote loading of data to the target a STORE operation to denote loading of data to the target 
datastoredatastore



Reference example (contReference example (cont’’d)d)

DatastoreDatastore mappingsmappings



Reference example (contReference example (cont’’d)d)



Current and Future WorkCurrent and Future Work

PDMSPDMS
route queries in the networkroute queries in the network

apply the approach to social network applicationsapply the approach to social network applications

ETLETL
NLG techniques for textual representation of NLG techniques for textual representation of datastoredatastore descriptions descriptions 
and ETL operationsand ETL operations

impact of schema evolutionimpact of schema evolution

Semantic Web servicesSemantic Web services
service rankingservice ranking

QoS aspectsQoS aspects
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