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Meta Data Management Meta Data Management 
!! Meta data = structural informationMeta data = structural information

"" DB schema, interface DB schema, interface defndefn, web site map, form , web site map, form defnsdefns, , ……
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Meta Data ProblemsMeta Data Problems

!! Data translationData translation

!! Schema evolution Schema evolution 

!! XML message translation XML message translation 

!! Application integrationApplication integration

!! Data warehouse loadingData warehouse loading

!! ER/UML design ER/UML design toolstools

!! Wrapper generation for SQLWrapper generation for SQL

!! UI / 4GL generationUI / 4GL generation

!! Dependency Dependency trackingtracking

!! Lineage tracingLineage tracing

!! Info resource mgmtInfo resource mgmt

!! Binding, renamingBinding, renaming

!! Software build (make)Software build (make)

!! Configuration mgmtConfiguration mgmt

!! Many data management applications primarily Many data management applications primarily 
involve transformations of structured datainvolve transformations of structured data
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OutlineOutline
!! IntroductionIntroduction
!! Meta data problemsMeta data problems
!! Design patternsDesign patterns
!! Solution templatesSolution templates
!! Research backgroundResearch background
!! Wrap upWrap up
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Why Meta Data is ImportantWhy Meta Data is Important
!! Many DB problems are easier to solve Many DB problems are easier to solve 

by manipulating meta databy manipulating meta data
"" Instead of writing codeInstead of writing code
"" Instead of manipulating data directlyInstead of manipulating data directly

!! MetaMeta--datadata--based solutions all involve based solutions all involve 
models (schemas) and mappingsmodels (schemas) and mappings
"" Mappings Mappings -- datadata transformations, queries, transformations, queries, 

dependencies, dependencies, ……
"" Model, manipulate, and generate themModel, manipulate, and generate them
"" Usually, generate code from themUsually, generate code from them
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Example: ObjectExample: Object--Oriented Oriented 
Wrapper for SQL TablesWrapper for SQL Tables

!! Manually program a wrapper for each Manually program a wrapper for each 
tabletable

!! This is very repetitive workThis is very repetitive work
!! So you write a program to So you write a program to generategenerate a a 

wrapper for each table wrapper for each table 

Interface is an OO 
class representing
a SQL table

Code to map OO operations
to SQL operationswrapper

SQL Table
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OO wrapper for SQL OO wrapper for SQL (cont(cont’’d)d)

SQL SQL DefnsDefns

!! The The wrapper generatorwrapper generator does the following:does the following:
"" Imports each table definition into a modelImports each table definition into a model
"" Generates a model for the class wrapperGenerates a model for the class wrapper
"" Generates a mapping from table to classGenerates a mapping from table to class
"" Generates code from the class model and Generates code from the class model and 

mapping.mapping.

SQL model
PurchaseOrder

OrdID

OrderDate

static void Main()
Console.WriteLine("Importing Schemas");
// transform both to trees

TransformXSDToTree transformXSDToTree = new 
TransformXSDToTree();

Graph tree1 = transformXSDToTree.Execute(graph1);
Graph tree2 = transformXSDToTree.Execute(graph2);

// linguistic similarity matrix
SimMatrix linguisticMatrix = new SimMatrix(

tree1, tree2, 
}

Code
Class model
PurchaseOrder

OrdID

OrderDate
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Example Example –– Data TranslationData Translation
!! Translate data from one data model to anotherTranslate data from one data model to another
!! Either write a program or generate itEither write a program or generate it

Hierarchical SchemaHierarchical Schema Relational SchemaRelational Schema

PurchaseOrder

OrdID OrderDate

Items

OrdID I_NameItem#

PO

PO#

POdate

POLines

Prod#

PName
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MetaMeta--datadata--SpeakSpeak

data Employee Table

model = meta data Schema for the
Employee Table 

metamodel =                      Schema for “Table,”
meta-meta data “Column”, “Key,” …

meta-meta-model = Built-in types 
meta- meta-meta data     (usually hard-coded)

Meta-data-Speak English Example
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OutlineOutline
!! IntroductionIntroduction
!! Meta data problemsMeta data problems
!! Design patternsDesign patterns
!! Solution templatesSolution templates
!! Research backgroundResearch background
!! Wrap upWrap up
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Meta Data Solution TemplateMeta Data Solution Template

Get a data manager for models and mappings1

! Usually, it’s an object manager
" OO programming language
" OODB

! Hence, meta-metamodel is the object 
manager’s built-in types
" Classes, attributes, methods, objects
" Plus operators to manipulate them, such as 

NewClass, NewAttribute, NewObject, WriteAttribute

12P.A. Bernstein, S. Melnik: Meta Data Management, ICDE'04 Boston

Meta Data Solution TemplateMeta Data Solution Template
Get a data manager for models and mappings1

Design metamodel(s) (e.g., for SQL schemas)2

Table

Column

Key

Datatype

If the meta-metamodel is 
OO, then the metamodel
consists of class definitions
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Meta Data Solution TemplateMeta Data Solution Template
Get a data manager for models and mappings1

Design metamodel(s) (e.g., for SQL schemas)2

Model
Importer

Model
SQL SQL DefnsDefns

SQL
Metamodel

Instance-of

3 Build a model importer for each metamodel
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Meta Data Solution TemplateMeta Data Solution Template
Get a data manager for models and mappings1

Design metamodel(s) (e.g., for SQL schemas)2

3 Build a model importer for each metamodel

4 Invoke model importer(s)

Customer

Order

Scheduled
Delivery

Product

Salesperson

Model
Importer

Model2

Model1
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Meta Data Solution TemplateMeta Data Solution Template
Get a data manager for models and mappings1

Design metamodel(s) (e.g., for SQL schemas)2

3 Build a model importer for each metamodel
4 Invoke model importer(s)

DW schemaDW schemasource schemasource schemaDW loadingDW loading
target interfacestarget interfacessource interfacessource interfacesApp integrationApp integration
target formattarget formatsource formatsource formatMsgMsg translationtranslation
target schematarget schemasource schemasource schemaData translationData translation
ModelModel22ModelModel11ProblemProblem
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Meta Data Solution TemplateMeta Data Solution Template
Get a data manager for models and mappings1

Design metamodel(s) (e.g., for SQL schemas)2

3 Build a model importer for each metamodel
4 Invoke model importer(s)
5 Generate or design mappings

ER Model SQL Modelgenerate

Data Source 
Model

Data Target 
Modeldesign
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Meta Data Solution TemplateMeta Data Solution Template
Get a data manager for models and mappings1

Design metamodel(s) (e.g., for SQL schemas)2

3 Build a model importer for each metamodel
4 Invoke model importer(s)
5 Generate or design mappings
6 Generate code: data / msg translat�n script, 

app wrapper, ETL script, view defn�s, etc.
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Table

Column

Example Example –– Data TranslationData Translation

Meta 
Models

Record

Field Repeating Group

PurchaseOrder

OrdID OrderDate

Items

OrdID I_NameItem#

Schemas
a.k.a. 
Models

PO

PO#

POdate

POLines

Prod#

PName
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For each [po#, poD, poL] in PO
Insert [po#, poD] into PurchaseOrder
For each [prod#, pN] in poL

Insert [prod#, po#, pN] into Items
End

End

Generated
data 

translation
script

PurchaseOrder

OrdID OrderDate

Items

OrdID I_NameItem#

Schemas
a.k.a. 
Models

PO

PO#

POdate

POLines

Prod#

PName
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Meta Data ProblemsMeta Data Problems
!! Data translationData translation

!! OO or XML wrapper generation for SQL DBOO or XML wrapper generation for SQL DB

!! UserUser--Interface / 4GLInterface / 4GL--program generationprogram generation

!! Design tool support (DB, UML, Design tool support (DB, UML, ……))
"" Model generation, reverse engineeringModel generation, reverse engineering
"" RoundRound--trip engineeringtrip engineering

!! Schema evolution (applies to all scenarios)Schema evolution (applies to all scenarios)

!! XML message translation for eXML message translation for e--commercecommerce

!! Integrate custom apps with commercial appsIntegrate custom apps with commercial apps
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Meta Data Problems Meta Data Problems (cont(cont’’d)d)
!! Data warehouse loading (clean & transform) Data warehouse loading (clean & transform) 
!! Lineage tracing (provenance)Lineage tracing (provenance)
!! Information resource managementInformation resource management
!! Dependency trackingDependency tracking

"" Impact analysis Impact analysis 
"" Navigation between toolsNavigation between tools

!! Binding, renamingBinding, renaming
!! Software build (make)Software build (make)
!! Version and configuration managementVersion and configuration management

"" Release managementRelease management
"" Product data managementProduct data management
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Meta Data SolutionsMeta Data Solutions
!! They strongly resemble one anotherThey strongly resemble one another
!! We characterize that resemblanceWe characterize that resemblance

"" Prototypical problems, or Prototypical problems, or design patternsdesign patterns
"" Solution specifications, or Solution specifications, or solution templatessolution templates
"" Primitive solution steps, or Primitive solution steps, or operatorsoperators

!! GoalsGoals
"" A methodology to solve meta data problemsA methodology to solve meta data problems
"" Ultimately, operator implementations to turn Ultimately, operator implementations to turn 

solution templates into solution programssolution templates into solution programs
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OutlineOutline
!! IntroductionIntroduction
!! Meta data problemsMeta data problems
!! Design patternsDesign patterns
!! Solution templatesSolution templates
!! Research backgroundResearch background
!! Wrap upWrap up
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Meta Data Design PatternsMeta Data Design Patterns
!! Design patternDesign pattern –– a problem description a problem description 

consisting ofconsisting of
" Input models and mappings
" Output models and mappings 
" Criteria for the output to be correct
" An application specializes it to meta models 

and mapping languages

!! Solution templateSolution template –– a sequence of a sequence of 
operators producing the desired outputoperators producing the desired output

!! OperatorsOperators –– a single step that computes a single step that computes 
a model and/or mappingsa model and/or mappings
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OperatorsOperators
!! mapmap = Match (= Match (MM11, , MM22))

"" Return a mapping between the two modelsReturn a mapping between the two models

! 〈MM22, map, map1212〉 = ModelGen(= ModelGen(MM11, metamodel, metamodel22) ) 
"" Return a model Return a model MM22 that is expressed in metamodelthat is expressed in metamodel22

and is equivalent to model and is equivalent to model MM11

! 〈MM33, map, map1313, map, map2323〉 = = Merge (Merge (MM11, , MM22, , mapmap))
"" Return the union of models Return the union of models MM11 and and MM22

!! mapmap33 = Compose(= Compose(mapmap11, , mapmap22) = ) = mapmap11 ○ mapmap22
"" Return the composition of Return the composition of mapmap11 and and mapmap22, , which is which is 

a mapping froma mapping from mapmap11’’s domain to s domain to mapmap22’’s range.s range.
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Operators (contOperators (cont’’d)d)

!! mapmap33 = Confluence(= Confluence(mapmap11, , mapmap22) = ) = mapmap11 ⊕⊕ mapmap22
"" Return the Return the ““mergemerge”” of mappings of mappings mapmap11 and and mapmap22

! 〈MM22, map, map1212〉 = Extract(= Extract(MM11, map, map))
"" Return the subReturn the sub--model of model of MM11 that participates in the that participates in the 

mapping mapping mapmap

! 〈MM22, map, map1212〉 = Diff(= Diff(MM11, map, map) ) 
"" Return the subReturn the sub--model of model of MM11 that does not that does not 

participate in the mapping participate in the mapping mapmap
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Design PatternsDesign Patterns
!! Meta ModelingMeta Modeling
!! Model MappingModel Mapping
!! Model GenerationModel Generation
!! Model IntegrationModel Integration
!! Mapping CompositionMapping Composition
!! Mapping AlignmentMapping Alignment
!! Change PropagationChange Propagation
!! Model ReintegrationModel Reintegration

Single
Operator
Solutions
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Meta ModelingMeta Modeling
!! Design pattern Design pattern –– develop develop a representationa representation

(i.e. (i.e. metamodelmetamodel) ) forfor models and mappingsmodels and mappings
!! Applications Applications –– they allthey all depend on thisdepend on this
!! Solution templateSolution template

"" Design aDesign a metamodelmetamodel
"" Write ImportWrite Import & Export functions& Export functions

## ImportSQLImportSQL, , ImportXSDImportXSD, , ImportERDImportERD, , ……
"" Today, it is manual engineering designToday, it is manual engineering design
"" Design once and reuse oftenDesign once and reuse often
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Meta Modeling (contMeta Modeling (cont’’d)d)
!! The Import function for models The Import function for models 

"" Parse Parse texttext
"" Copy Copy elements of theelements of the parsed parsed formform into a into a 

model that conforms to its model that conforms to its metamodelmetamodel
!! The Import function for mappingsThe Import function for mappings

"" Same as models but may require more Same as models but may require more 
semantic analysissemantic analysis

"" E.g., program dependencies, data lineageE.g., program dependencies, data lineage
"" For some languages and mapping For some languages and mapping 

metamodelsmetamodels, Export is hard (e.g., XSLT), Export is hard (e.g., XSLT)
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Model MappingModel Mapping
!! Design pattern Design pattern –– Design a mapping between Design a mapping between 

two models and generate code from ittwo models and generate code from it

M1 M2map

!! ApplicationsApplications
"" Data translationData translation
"" XML message translation for eXML message translation for e--commercecommerce
"" Integrate custom and commercial appsIntegrate custom and commercial apps
"" Data warehouse extract, transform & loadData warehouse extract, transform & load

!! Solution templatesSolution templates
"" mapmap = Match (= Match (MM11, , MM22); ); Export(Export(mapmap))
"" Mapping reuse: Compose, ConfluenceMapping reuse: Compose, Confluence
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An XML Mapping ToolAn XML Mapping Tool
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A Data Warehouse Loading ToolA Data Warehouse Loading Tool
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Model GenerationModel Generation
!! Design pattern Design pattern –– Given a model, generate an Given a model, generate an 

equivalent model in another equivalent model in another metamodelmetamodel

M1 M2map

!! ApplicationsApplications
"" Wrapper generation (SQL Wrapper generation (SQL →→ OO or XML)OO or XML)
"" Design tools (ER Design tools (ER →→ SQL, SQL SQL, SQL →→ ER)ER)
"" UI/4GL generationUI/4GL generation

!! Solution Solution templatetemplate
" 〈MM22, map, map〉 = ModelGen(= ModelGen(MM11, metamodel, metamodel22); Export(); Export(MM22))
"" ModelGenModelGen often needs human guidanceoften needs human guidance
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Model IntegrationModel Integration
!! Design pattern Design pattern –– Given two models, develop Given two models, develop 

a model that subsumes both of thema model that subsumes both of them

M1 M2map12

!! ApplicationsApplications
"" View integrationView integration
"" Data integrationData integration

!! Solution Solution templatetemplate
" 〈MM33, map, map1313, map, map2323〉 = = Merge (Merge (MM11, , MM22, , mapmap); ); 

Export(Export(MM33, map, map1313, map, map2323))

M3
map 23

map
13
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Mapping CompositionMapping Composition
!! Design pattern Design pattern –– Compose two given Compose two given 

mappingsmappings

M1 M2map12 M3map23

map13

!! ApplicationsApplications
"" Processing queries on viewsProcessing queries on views

!! Solution templatesSolution templates
"" mapmap1313 = Compose(= Compose(mapmap1212, , mapmap2323))
"" Answering queries using views (Answering queries using views (LaVLaV),  ),  

Query modification (Query modification (GaVGaV), ), GLaVGLaV
36P.A. Bernstein, S. Melnik: Meta Data Management, ICDE'04 Boston

Mapping AlignmentMapping Alignment
!! Design pattern Design pattern –– Align two mappings Align two mappings 

between the same pair of modelsbetween the same pair of models

M1 M2map3

map2

!! ApplicationsApplications
"" P2P query processing, mapping designP2P query processing, mapping design

!! Solution templateSolution template
"" mapmap33 = Confluence(= Confluence(mapmap11, , mapmap22))

map1
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Model ReintegrationModel Reintegration
!! Design pattern Design pattern –– Given a model and mappings Given a model and mappings 

to two modified versions of the model, produce to two modified versions of the model, produce 
a merged modela merged model

M1

M3M2

map 12 map13

M4

map24 map 34

!! ApplicationsApplications
"" Parallel developmentParallel development

!! Solution templateSolution template
"" MultistepMultistep application of many operatorsapplication of many operators
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Change PropagationChange Propagation
!! Design pattern Design pattern –– Given two models and a Given two models and a 

mapping. One model changes. Fix the mapping mapping. One model changes. Fix the mapping 
and other model.and other model.

M1 M2map12

M1′
!! ApplicationsApplications

"" Schema evolution, interface evolution, Schema evolution, interface evolution, ……
"" Required maintenance for all meta data problemsRequired maintenance for all meta data problems

!! Solution Solution templatetemplate
"" Requires all of the operatorsRequires all of the operators

M2′map12′

ma
p 2

2′
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OutlineOutline
!! IntroductionIntroduction
!! Meta data problemsMeta data problems
!! Design patternsDesign patterns
!! Solution templatesSolution templates

"" Model reintegrationModel reintegration
"" Change propagationChange propagation

!! Research backgroundResearch background
!! Wrap upWrap up
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Model reintegrationModel reintegration

!! Design patternDesign pattern
"" Reconcile independent changes Reconcile independent changes 
"" All changes of each modelAll changes of each model
"" No No ““duplicate additionsduplicate additions””

!! Simplified exampleSimplified example
"" ““AdditionsAdditions”” = add model element= add model element

(also: drop constraints, (also: drop constraints, reorgreorg. model). model)

"" ““DeletionsDeletions”” = delete model element= delete model element
(also: add constraints, (also: add constraints, reorgreorg. model). model)

"" Mappings shown as lines Mappings shown as lines betwbetw. elements. elements
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mR

OrderID
Product
Rebate/Discount
ShipDate

DesignDesign
patternpattern

OrderID
Product
Brand
Discount
ShipDate

OrderID
Product
Rebate

OrderID
Product
BrandBrand

m

mA mB
m_mA

m_mB

m_mR
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NaiveNaive
solutionsolution

OrderID
Product
BrandBrand

m

mA
OrderID
Product
Rebate

mB
OrderID
Product
Brand
Discount
ShipDate

!! Direct model integration Direct model integration ““losesloses”” either either 
deletions or additionsdeletions or additions

!! Need Need m,, m_mA,, m_mB

Merge?

m_mA
m_mB
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SolutionSolution
templatetemplate

OrderID
Product
BrandBrand

m

mA
OrderID
Product
Rebate

mB
OrderID
Product
Brand
Discount
ShipDate

mA′

OrderID
Product
Rebate mB′

OrderID
Product
Discount
ShipDate

!! Propagate deletions Propagate deletions 
before integrating before integrating mA
andand mB

?

m_mA
m_mB

mA_mA′ mB_mB′

(begin)(begin)
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mB′

OrderID
Product
BrandBrand

m

mA′

OrderID
Product
Rebate

OrderID
Product
Discount
ShipDate

!! Composition Composition 
produces a produces a 
partial mappingpartial mapping

?

m_mA ○mA_mA′ m_mB ○mB_mB′

Invert(m_mA ○ mA_mA′) ○ m_mB ○ mB_mB′
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⊕

DiffDiff DiffDiff

m_mA ○mA_mA′ m_mB ○mB_mB′

mA′

OrderID
Product
Rebate mB′

OrderID
Product
Discount
ShipDate

mAx
Rebate Discount

ShipDate

mBxMatchMatch

ComposeCompose
!! IdentifyIdentify

additionsadditions
(Diff)(Diff)

!! MatchMatch mAxandand mBx

OrderID
Product
BrandBrand

m

!! ComposeCompose
!! AlignAlign

partial partial 
mappings mappings 
((ConflConfl.).)

mA′_mB′
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OrderID
Product
BrandBrand

m

mA′

OrderID
Product
Rebate mB′

OrderID
Product
Discount
ShipDate

MergeMergemR

OrderID
Product
Rebate/Discount
ShipDate

(end)(end)

SolutionSolution
templatetemplate

!! MergeMerge
mA′ and and mB′
using using 
mA′_mB′

mA′_mB′

!! ComposeCompose
!! AlignAlign

partial partial 
mappings mappings 
((ConflConfl.).)
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script Reintegrate(m, mA, m_mA, mB , m_mB) 
1. 〈mA′, mA_mA′〉 = PropagateDeletions(m, mA, m_mA, mB, m_mB);
2. 〈mB′, mB_mB′〉 = PropagateDeletions(m, mB, m_mB, mA, m_mA);
3. 〈mAx, mA′_mAx〉 = Diff(mA′, Invert(m_mA ○ mA_mA′));
4. 〈mBx, mB′_mBx〉 = Diff(mB′, Invert(m_mB ○ mB_mB′));
5. mAx_mBx = Match(mAx, mBx);
6. mA′_mB′ = (mA′_mAx ○ mAx_mBx ○ Invert(mB′_mBx)) ⊕

(Invert(m_mA ○ mA_mA′) ○ m_mB ○ mB_mB′);
7. 〈mR, mR_mA′, mR_mB′〉 = Merge(mA′, mB′, mA′_mB′);
8. m_mR = (m_mA ○ mA_mA′ ○ Invert(mR_mA′)) ⊕

(m_mB ○ mB_mB′ ○ Invert(mR_mB′));
9. return 〈mR, m_mR〉;

Solution scriptSolution script

mA′

mAx

mB′

mBxmA

m

mR

mB

Mapping reuse
pattern
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ComposeCompose

SubSub--pattern: propagate deletionspattern: propagate deletions

m

mA

mB

DiffDiff
(added to (added to mmBB))

(not deleted(not deleted
by way of by way of mmAA))

ExtractExtract

M
er

ge
M

er
geCompose,Compose,

ConfluenceConfluence

Discount
ShipDate

OrderID
Product

mB′
OrderID
Product
Discount
ShipDate

OrderID
Product
Brand
Discount
ShipDate

OrderID
Product
BrandBrand

OrderID
Product
Rebate
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script PropagateDeletions(s1, d1, s1_d1, s2, s1_s2) 
1. d1_s2 = Invert(s1_d1) ○ s1_s2;
2. 〈m, d1_m〉 = Extract(d1, d1_s2);  
3. 〈n, d1_n〉 = Diff(d1, Invert(s1_d1));
4. 〈d2, d2_m, d2_n〉 = Merge(m, n, Invert(d1_m) ○ d1_n);
5. d1_d2 = (d1_m ○ Invert(d2_m)) ⊕ (d1_n ○ Invert(d2_n));
6. return 〈d2, d1_d2〉;

s1_s2

s1_d1

d1_s2

Extract

(to keep in d1)

(still in s2)

Diff

Solution scriptSolution script

M
er

ges1

s2

d1 d2

n

m
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OutlineOutline
!! IntroductionIntroduction
!! Meta data problemsMeta data problems
!! Design patternsDesign patterns
!! Solution templatesSolution templates

"" Model reintegrationModel reintegration
"" Change propagationChange propagation

!! Research backgroundResearch background
!! Wrap upWrap up
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Change propagationChange propagation
!! Solution templateSolution template

"" Propagate deletionsPropagate deletions
"" Include additionsInclude additions
"" Merge resultMerge result
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Change propagationChange propagation

s1_s2

s1_d1
PropagateDeletions

(added)

Diff

script PropagateChanges(s1, d1, s1_d1, s2, s1_s2) 
1. 〈d1′, d1_d1′〉 = PropagateDeletions(s1, d1, s1_d1, s2, s1_s2); 
2. 〈s2′, s2_s2′〉 = Diff(s2, Invert(s1_s2));
3. 〈d2, d2_s2′, d2_d1′〉 = Merge(s2′, d1′, Invert(s1_s2 ○ s2_s2′) ○ s1_d1 ○ d1_d1′);
4. d1_d2 = (Invert(s1_d1) ○ s1_s2 ○ s2_s2′○ Invert(d2_s2′ )) ⊕ (d1_d1′ ○ Invert(d2_d1′));
5. s2_d2 = (Invert(s1_s2) ○ s1_d1 ○ d1_d1′ ○ Invert(d2_d1′)) ⊕ (s2_s2′ ○ Invert(d2_s2′));
6. return 〈d2, d1_d2, s2_d2〉; 

(w/o deleted)

s2_d2

Merge

s1

s2

d1

d1′s2′

d2

53P.A. Bernstein, S. Melnik: Meta Data Management, ICDE'04 Boston

ReintegrationReintegration

Propagation of deletionsPropagation of deletions

Change propagationChange propagation

ComposeComposeExtractExtract DiffDiff MergeMergeConfluenceConfluence

Data integrationData integration

View integrationView integration

Schema evolutionSchema evolution

Model mappingModel mapping

Mapping reuseMapping reuse

MatchMatch

Schema versioningSchema versioning

. . .. . .

. . .. . .

FirstFirst--cut taxonomy of patternscut taxonomy of patterns
. . .. . .

. . .. . . . . .. . . . . .. . .

. . .. . .

LegendLegend
AA BB
AA uses uses BB inin
its solutionits solution
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Foundation of operatorsFoundation of operators
!! View & schema View & schema 

integration (Merge)integration (Merge)
"" BatiniBatini et al: ACM Comp. Surveys, 18 (4), et al: ACM Comp. Surveys, 18 (4), 

’’8686
"" BeeriBeeri, Milo: ICDT , Milo: ICDT ‘‘9999
"" BiskupBiskup, Convent: SIGMOD , Convent: SIGMOD ‘‘8686
"" BunemanBuneman et al: EDBT et al: EDBT ’’9292
"" Casanova, Vidal: SIGMOD Casanova, Vidal: SIGMOD ‘‘8383
"" LenzeriniLenzerini: PODS : PODS ’’0202
"" MotroMotro: IEEE TSE, 13:7, : IEEE TSE, 13:7, ’’8787
"" PottingerPottinger, , BersteinBerstein: VLDB : VLDB ’’0303
"" Rosenthal, Rosenthal, ReinerReiner: TODS 19 (2), : TODS 19 (2), ‘‘9494
"" SpaccapietraSpaccapietra, Parent: TKDE 6 (2), , Parent: TKDE 6 (2), ’’9494

!! Composition of queries, Composition of queries, 
views, GLAV maps; query views, GLAV maps; query 
processingprocessing
"" AbiteboulAbiteboul, , VianuVianu, Hull: Addison, Hull: Addison--Wesley, Wesley, 

19951995
"" Fernandez et al: TODS 27 (4), Fernandez et al: TODS 27 (4), ’’0202
"" Madhavan, Halevy: VLDBMadhavan, Halevy: VLDB’’0303
"" PapakonstantinouPapakonstantinou et al, SIGMOD et al, SIGMOD ’’9999
"" ShanmugasundaramShanmugasundaram et al, VLDB et al, VLDB ’’0101
"" ShuShu et al, TODS 2 (2), et al, TODS 2 (2), ’’7777

!! View selection, answering View selection, answering 
queries using views queries using views 
(Extract, (Extract, ConfluenceConfluence))
"" AgrawalAgrawal et al: SIGMOD et al: SIGMOD ’’0101
"" Chen et al: IDEAS Chen et al: IDEAS ’’0202
"" ChirkovaChirkova et al: VLDB et al: VLDB ’’0101
"" Gupta et al: PODS Gupta et al: PODS ’’0303
"" Halevy: VLDB J. 10:4, Halevy: VLDB J. 10:4, ‘‘0101
"" Li et al: ICDT Li et al: ICDT ‘‘0101
"" Theodoratos et al: DKE 39 (3), Theodoratos et al: DKE 39 (3), ‘‘0101

!! View update, view View update, view 
complement (Diff)complement (Diff)
"" BancilhonBancilhon, , SpyratosSpyratos: TODS 6:4, : TODS 6:4, ’’8181
"" CosmadakisCosmadakis, , PapadimitrouPapadimitrou: J. ACM : J. ACM ‘‘8484
"" DayalDayal, Bernstein: VLDB , Bernstein: VLDB ’’7878
"" De De AmoAmo et al: IDEAS et al: IDEAS ‘‘0000
"" HegnerHegner: J. Comp. Sys. : J. Comp. Sys. SciSci., ., ‘‘9494
"" Keller, Keller, UllmanUllman: SIGMOD : SIGMOD ‘‘8484
"" LechtenbLechtenböörgerrger, , VossenVossen: TODS 28:2, : TODS 28:2, ‘‘0303
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tagging

SQL queryqSQL

vtag

result (relational)

user query
(XQuery)

user view
(XQuery)

default
view

result (XML)

vdef

vuser

q

vdef ○ vuser ○ q =
qSQL ○ vtag

Example: compositionExample: composition

RDB schema

default view (XML)

user view (XML)

ShanmugasundarShanmugasundar--
am et al, VLDBam et al, VLDB��0101
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Example: ExtractExample: Extract
!! View selection, answering queries using View selection, answering queries using 

viewsviews

data
source

m′m

query
workload

q
mx

view
m_mx

rewritten query against warehouse: Invert(m_mx) ○ q

data
warehouse
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Example: DiffExample: Diff
!! View complement: view update,View complement: view update,

selfself--maintainabilitymaintainability

m′m

mx
view

m_mx

md

complement
view

m_md

data
source

query
workload

q

data
warehouse
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Example: ConfluenceExample: Confluence

V1 ⊕ V2 =

Theodoratos et al, 
DKE 39 (3), �01
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The Commercial WorldThe Commercial World
!! Books for IT professionalsBooks for IT professionals

"" A. A. TanenbaumTanenbaum: Metadata Solutions, Addison: Metadata Solutions, Addison--
Wesley, 2001Wesley, 2001

"" D. Marco: Building and Managing the Meta Data D. Marco: Building and Managing the Meta Data 
Repository, Wiley, 2000Repository, Wiley, 2000

!! StandardsStandards--
"" UML, MOF, CWM (OMG)UML, MOF, CWM (OMG)
"" XML, RDF, XML Schema, OWL (W3C)XML, RDF, XML Schema, OWL (W3C)

!! Products and toolsProducts and tools
"" Modeling: IBM Rational Rose, Visio, CA Modeling: IBM Rational Rose, Visio, CA AllFusion, AllFusion, 

Borland TogetherBorland Together
"" General General meta datameta data managers: CA Advantage, managers: CA Advantage, 

Microsoft Meta Data Services, Microsoft Meta Data Services, MetaIntegrationMetaIntegration
"" Meta data services in data warehousing ETL tools: Meta data services in data warehousing ETL tools: 

InformaticaInformatica, , AscentialAscential, ETI, Data Advantage, , ETI, Data Advantage, ……
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The Research World The Research World 
!! Model ManagementModel Management

"" A computational A computational meta datameta data framework based on framework based on 
models, mappings, and the operators described models, mappings, and the operators described 
here (Match, Merge, Compose, here (Match, Merge, Compose, ……))

!! Meta Data is a very active research areaMeta Data is a very active research area
"" Papers coming from many DB research groupsPapers coming from many DB research groups
"" Some Some areare problemproblem--focusedfocused (e.g. data integration)(e.g. data integration)
"" Some Some areare operatoroperator--focusedfocused (e.g. Match, Merge)(e.g. Match, Merge)
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SummarySummary
!! Many DB problems are easier to solve Many DB problems are easier to solve 

by manipulating meta databy manipulating meta data
!! Meta data problems and solutions Meta data problems and solutions 

strongly resemble one anotherstrongly resemble one another
!! Methodology: Use design patterns, Methodology: Use design patterns, 

solution templates, and operators to solution templates, and operators to 
simplify development of meta data simplify development of meta data 
applicationsapplications

!! There is much research to be doneThere is much research to be done
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!! MergeMerge OperationOperation
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