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M eta Data M anagem ent M eta Data M anagem ent 
ll M eta data = structural inform ationM eta data = structural inform ation

DB schem a, interface DB schem a, interface defndefn, web site m ap, form  , web site m ap, form  defnsdefns, …, …
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M eta Data Problem sM eta Data Problem s

ll Data translationData translation

ll Schem a evolution Schem a evolution 

ll XM L m essage translation XM L m essage translation 

ll Application integrationApplication integration

ll Data w arehouse loadingData w arehouse loading

ll ER/UM L design ER/UM L design toolstools

ll W rapper generation for SQLW rapper generation for SQL

ll UI / 4GL generationUI / 4GL generation

ll Dependency Dependency trackingtracking

ll Lineage tracingLineage tracing

ll Info resource m gm tInfo resource m gm t

ll Binding, renam ingBinding, renam ing

ll Softw are build (m ake)Softw are build (m ake)

ll Configuration m gm tConfiguration m gm t

ll M any data m anagem ent applications prim arily M any data m anagem ent applications prim arily 
involve transform ations of structured datainvolve transform ations of structured data
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O utlineO utline

ll IntroductionIntroduction

ll M eta data problem sM eta data problem s

ll Design patternsDesign patterns

ll Solution tem platesSolution tem plates

ll W rapW rap upup
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W hy M eta Data is Im portantW hy M eta Data is Im portant

ll M any DB problem s are easier to solve M any DB problem s are easier to solve 
by m anipulating m eta databy m anipulating m eta data

Instead of w riting codeInstead of w riting code

Instead of m anipulating data directlyInstead of m anipulating data directly

ll M etaM eta--datadata--based solutions all involve based solutions all involve 
m odels (schem as) and m appingsm odels (schem as) and m appings

M appings M appings --datadata transform ations, queries, transform ations, queries, 
dependencies, …dependencies, …

M odel, m anipulate, and generate themM odel, m anipulate, and generate them

Usually, generate code from  themUsually, generate code from  them
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Exam ple: O bjectExam ple: O bject--O riented O riented 
W rapper for SQ L TablesW rapper for SQ L Tables

ll M anually program  a w rapper for each M anually program  a w rapper for each 
tabletable

ll This is very repetitive w orkThis is very repetitive w ork

ll So you w rite a program  to So you w rite a program  to generategenerate a a 
w rapper for each table w rapper 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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O O  w rapper for SQ L O O  w rapper for SQ L (cont’d)(cont’d)

SQL SQL DefnsDefns

ll The The w rapper generatorw rapper generatordoes the follow ing:does the follow ing:
Im ports each table definition into a m odelIm ports each table definition into a m odel

G enerates a m odel for the class w rapperG enerates a m odel for the class w rapper

G enerates a m apping from  table to classG enerates a m apping from  table to class

G enerates code from  the class m odel and G enerates code from  the class m odel and 
m apping.m apping.

SQL m odel

PurchaseOrder

OrdID

OrderDate

static void M ain()
Console.W riteLine("Im portingSchem as");
// transform  both to trees
Transform XSDToTreetransform XSDToTree= new 

Transform XSDToTree();
G raph tree1 = transform XSDToTree.Execute(graph1);
G raph tree2 = transform XSDToTree.Execute(graph2);

// linguistic sim ilarity m atrix
Sim M atrix linguisticM atrix = new Sim M atrix(

tree1, tree2, 
}

Code

Class m odel

PurchaseOrder

OrdID

OrderDate
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Exam ple Exam ple –– Data TranslationData Translation
ll Translate data from  one data m odel to anotherTranslate data from  one data m odel to another

ll Either w rite a program  or generate itEither w rite a program  or generate it

Hierarchical Schem aHierarchical Schem a Relational Schem aRelational Schem a

PurchaseOrder

OrdID OrderDate

Items

OrdID I_NameItem#

PO

PO#

POdate

POLines

Prod#

PName
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M etaM eta--datadata--SpeakSpeak

data Em ployee Table

m odel = m eta data Schem a for the
Em ployee Table 

m etam odel =                      Schem a for “Table,” 
m eta-m eta data “Colum n”, “Key,” …

m eta-m eta-m odel = Built-in types 
m eta-m eta-m eta data     (usually hard-coded)

M eta-data-Speak English Exam ple
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O utlineO utline

ll IntroductionIntroduction

ll M eta data problem sM eta data problem s

ll Design patternsDesign patterns

ll Solution tem platesSolution tem plates

ll W rapW rap upup
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M eta Data Solution Tem plateM eta Data Solution Tem plate

Get a data m anager for m odels and m appings1

l Usually, it’s an object m anager
OO program m ing language

O O DB

l Hence, m eta-m etam odelis the object 
m anager’s built-in types

Classes, attributes, m ethods, objects

Plus operators to m anipulate them , such as 
New Class, New Attribute, New Object, W riteAttribute
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M eta Data Solution Tem plateM eta Data Solution Tem plate
Get a data m anager for m odels and m appings1

Design m etam odel(s) (e.g., for SQL schem as)2

Table

Column

Key

Datatype

If the m eta-m etam odelis 
O O, then the m etam odel
consists of class definitions
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M eta Data Solution Tem plateM eta Data Solution Tem plate
Get a data m anager for m odels and m appings1

Design m etam odel(s) (e.g., for SQL schem as)2

M odel

Im porter
M odel

SQL SQL DefnsDefns

SQL
M etam odel

Instance-of

3 Build a m odel im porter for each m etam odel
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M eta Data Solution Tem plateM eta Data Solution Tem plate
Get a data m anager for m odels and m appings1

Design m etam odel(s) (e.g., for SQL schem as)2

3 Build a m odel im porter for each m etam odel

4 Invoke m odel im porter(s)

Custom er

O rder

Scheduled
Delivery

Product

Salesperson

M odel

Im porter
M odel2

M odel1
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M eta Data Solution Tem plateM eta Data Solution Tem plate
Get a data m anager for m odels and m appings1

Design m etam odel(s) (e.g., for SQL schem as)2

3 Build a m odel im porter for each m etam odel

4 Invoke m odel im porter(s)

DW  schem aDW  schem asource schem asource schem aDW  loadingDW  loading

target interfacestarget interfacessource interfacessource interfacesApp integrationApp integration

target form attarget form atsource form atsource form atM sgM sg translationtranslation

target schem atarget schem asource schem asource schem aData translationData translation

M odelM odel22M odelM odel11ProblemProblem

16P.A. Bernstein, S. M elnik: M eta Data M anagement, ICDE'04 Boston

M eta Data Solution Tem plateM eta Data Solution Tem plate
Get a data m anager for m odels and m appings1

Design m etam odel(s) (e.g., for SQL schem as)2

3 Build a m odel im porter for each m etam odel

4 Invoke m odel im porter(s)

5 Generate or design m appings

ER M odel SQL M odelgenerate

Data Source 
M odel

Data Target 
M odel

design
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M eta Data Solution Tem plateM eta Data Solution Tem plate
Get a data m anager for m odels and m appings1

Design m etam odel(s) (e.g., for SQL schem as)2

3 Build a m odel im porter for each m etam odel

4 Invoke m odel im porter(s)

5 Generate or design m appings

6 Generate code: data / m sg translat’n script, 
app wrapper, ETL script, view defn’s,etc.
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Table

Column

Exam ple Exam ple –– Data TranslationData Translation

Meta 
Models

Record

Field Repeating Group
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Table

Column

Exam ple Exam ple –– 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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Table

Column

Exam ple Exam ple –– 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

21P.A. Bernstein, S. M elnik: M eta Data M anagement, ICDE'04 Boston

For each [po#, poD, poL] in PO
Insert [po#, poD] into PurchaseO rder
For each [prod#, pN] in poL
Insert [prod#, po#, pN] into Item s

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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M eta Data Problem sM eta Data Problem s
ll Data translationData translation

ll O O or XM L w rapper generation for SQL DBOO or XM L w rapper generation for SQL DB

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

ll Design tool support (DB, UM L, … )Design tool support (DB, UM L, … )
M odel generation, reverse engineeringM odel generation, reverse engineering

RoundRound--trip engineeringtrip engineering

ll Schem a evolution (applies to all scenarios)Schem a evolution (applies to all scenarios)

ll XM L m essage translation for eXM L m essage translation for e--com m ercecom m erce

ll Integrate custom  apps w ith com m ercial appsIntegrate custom  apps w ith com m ercial apps
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M eta Data Problem s M eta Data Problem s (cont’d)(cont’d)
ll Data w arehouse loading (clean & transform ) Data w arehouse loading (clean & transform ) 

ll Lineage tracing (provenance)Lineage tracing (provenance)

ll Inform ation resource m anagem entInform ation resource m anagem ent

ll Dependency trackingDependency tracking
Im pact analysis Im pact analysis 
Navigation betw een toolsNavigation betw een tools

ll Binding, renam ingBinding, renam ing

ll Software build (m ake)Software build (m ake)

ll Version and configuration m anagem entVersion and configuration m anagem ent
Release m anagem entRelease m anagem ent
Product data m anagem entProduct data m anagem ent
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M eta Data SolutionsM eta Data Solutions
ll They strongly resem ble one anotherThey strongly resem ble one another

ll W e characterize that resem blanceW e characterize that resem blance
Prototypical problem s, or Prototypical problem s, or design patternsdesign patterns

Solution specifications, or Solution specifications, or solution tem platessolution tem plates

Prim itive solution steps, or Prim itive solution steps, or operatorsoperators

ll G oalsGoals
A m ethodology to solve m eta data problem sA m ethodology to solve m eta data problem s

Ultim ately, operator im plem entations to turn Ultim ately, operator im plem entations to turn 
solution tem plates into solution program ssolution tem plates into solution program s
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O utlineO utline

ll IntroductionIntroduction

ll M eta data problem sM eta data problem s

ll Design patternsDesign patterns

ll Solution tem platesSolution tem plates

ll W rapW rap upup
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M eta Data Design PatternsM eta Data Design Patterns
ll Design patternDesign pattern –– a problem  description a problem  description 

consisting ofconsisting of
Input m odels and m appings
Output m odels and m appings 
Criteria for the output to be correct
An application specializes it to m eta m odels 
and m apping languages

ll Solution tem plateSolution tem plate –– a sequence of a sequence of 
operators producing the desired outputoperators producing the desired output

ll O peratorsOperators –– a single step that com putes a single step that com putes 
a m odel and/or m appingsa m odel and/or m appings
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O peratorsOperators
ll m apm ap = M atch (= M atch (MM 11, , MM 22))

Return a m apping betw een the tw o m odelsReturn a m apping betw een the tw o m odels

l 〈MM 22, m ap, m ap1212〉 = M odelGen(= M odelGen(MM 11, m etam odel, m etam odel22) ) 
Return a m odel Return a m odel MM 22 that is expressed in m etam odelthat is expressed in m etam odel22
and is equivalent to m odel and is equivalent to m odel MM 11

l 〈MM 33, m ap, m ap1313, m ap, m ap2323〉 = = M erge (M erge (MM 11, , MM 22, , m apm ap))
Return the union of m odels Return the union of m odels MM 11 and and MM 22

ll m apm ap33 = Com pose(= Com pose(m apm ap11, , m apm ap22) = ) = m apm ap11 ○ m apm ap22
Return the com position of Return the com position of m apm ap11 and and m apm ap22, , w hich is w hich is 
a m apping froma m apping from m apm ap11’s dom ain to ’s dom ain to m apm ap22’s range.’s range.
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O perators (cont’d)Operators (cont’d)

ll m apm ap33 = Confluence(= Confluence(m apm ap11, , m apm ap22) = ) = m apm ap11 ¯̄̄̄̄̄̄̄ m apm ap22
Return the “m erge” of m appings Return the “m erge” of m appings m apm ap11 and and m apm ap22

l 〈MM 22, m ap, m ap1212〉 = Extract(= Extract(MM 11, m ap, m ap))
Return the subReturn the sub--m odel of m odel of MM 11 that participates in the that participates in the 
m apping m apping m apm ap

l 〈MM 22, m ap, m ap1212〉 = Diff(= Diff(MM 11, m ap, m ap) ) 
Return the subReturn the sub--m odel of m odel of MM 11 that does not that does not 
participate in the m apping participate in the m apping m apm ap
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Design PatternsDesign Patterns

ll M eta M odelingM eta M odeling

ll M odel M appingM odel M apping

ll M odel G enerationM odel G eneration

ll M odel IntegrationM odel Integration

ll M apping Com positionM apping Com position

ll M apping Alignm entM apping Alignm ent

ll Change PropagationChange Propagation

ll M odel ReintegrationM odel Reintegration

Single
O perator
Solutions
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M eta M odelingM eta M odeling

ll Design pattern Design pattern –– develop develop a representationa representation
(i.e. (i.e. m etam odelm etam odel) ) forform odels and m appingsm odels and m appings

ll Applications Applications –– they allthey alldepend on thisdepend on this

ll Solution tem plateSolution tem plate
Design aDesign a m etam odelm etam odel

W rite Im portW rite Im port& Export functions& Export functions
§§ Im portSQLIm portSQL, , Im portXSDIm portXSD, , Im portERDIm portERD, …, …

Today, it is m anual engineering designToday, it is m anual engineering design

Design once and reuse oftenDesign once and reuse often
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M eta M odeling (cont’d)M eta M odeling (cont’d)

ll The Im port function for m odels The Im port function for m odels 

Parse Parse texttext

Copy Copy elem ents of theelem ents of the parsed parsed formform into a into a 
m odel that conform s to its m odel that conform s to its m etam odelm etam odel

ll The Im port function for m appingsThe Im port function for m appings
Sam e as m odels but m ay require m ore Sam e as m odels but m ay require m ore 
sem antic analysissem antic analysis

E.g., program  dependencies, data lineageE.g., program  dependencies, data lineage

For som e languages and m apping For som e languages and m apping 
m etam odelsm etam odels, Export is hard (e.g., XSLT), Export is hard (e.g., XSLT)
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M odel M appingM odel M apping

ll Design pattern Design pattern –– Design a m apping betw een Design a m apping betw een 
tw o m odels and generate code from  ittw o m odels and generate code from  it

M1 M2
map

ll ApplicationsApplications
Data translationData translation
XM L m essage translation for eXM L m essage translation for e--com m ercecom m erce
Integrate custom  and com m ercial appsIntegrate custom  and com m ercial apps
Data w arehouse extract, transform  & loadData w arehouse extract, transform  & load

ll Solution tem platesSolution tem plates
m apm ap = M atch (= M atch (MM 11, , MM 22); ); Export(Export(m apm ap))
M apping reuse: Com pose, ConfluenceM apping reuse: Com pose, Confluence
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An XM L M apping ToolAn XM L M apping Tool
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A Data W arehouse Loading ToolA Data W arehouse Loading Tool
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M odel GenerationM odel Generation
ll Design pattern Design pattern –– Given a m odel, generate an Given a m odel, generate an 

equivalent m odel in another equivalent m odel in another m etam odelm etam odel

M1 M2
map

ll ApplicationsApplications
W rapper generation (SQL W rapper generation (SQL fifififififififi OO or XM L)OO or XM L)

Design tools (ER Design tools (ER fifififififififi SQL, SQ L SQL, SQ L fifififififififi ER)ER)

UI/4GL generationUI/4GL generation

ll Solution Solution tem platetem plate
〈MM 22, m ap, m ap〉 = M odelG en(= M odelG en(MM 11, m etam odel, m etam odel22); Export(); Export(MM 22))

M odelG enM odelG en often needs hum an guidanceoften needs hum an guidance
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M odel IntegrationM odel Integration
ll Design pattern Design pattern –– Given tw o m odels, develop Given tw o m odels, develop 

a m odel that subsum es both of thema m odel that subsum es both of them

M1 M2
map12

ll ApplicationsApplications
View  integrationView  integration
Data integrationData integration

ll Solution Solution tem platetem plate
〈MM 33, m ap, m ap1313, m ap, m ap2323〉 = = M erge (M erge (MM 11, , MM 22, , m apm ap); ); 
Export(Export(MM 33, m ap, m ap1313, m ap, m ap2323))

M3
map 23

map
13
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M apping Com positionM apping Com position

ll Design pattern Design pattern –– Com pose tw o given Com pose tw o given 
m appingsm appings

M1 M2
map12 M3

map23

map13

ll ApplicationsApplications
Processing queries on view sProcessing queries on view s

ll Solution tem platesSolution tem plates
m apm ap1313 = Com pose(= Com pose(m apm ap1212, , m apm ap2323))
Answ ering queries using view s (Answ ering queries using view s (LaVLaV),  ),  
Q uery m odification (Q uery m odification (G aVG aV), ), GLaVGLaV
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M apping Alignm entM apping Alignm ent

ll Design pattern Design pattern –– Align tw o m appings Align tw o m appings 
betw een the sam e pair of m odelsbetw een the sam e pair of m odels

M1 M2
map3

map2

ll ApplicationsApplications
P2P query processing, m apping designP2P query processing, m apping design

ll Solution tem plateSolution tem plate
m apm ap33 = Confluence(= Confluence(m apm ap11, , m apm ap22))

map1
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M odel ReintegrationM odel Reintegration
ll Design pattern Design pattern –– Given a m odel and m appings Given a m odel and m appings 

to tw o m odified versions of the m odel, produce to tw o m odified versions of the m odel, produce 
a m erged m odela m erged m odel

M1

M3M2

map 12 map
13

M4

map
24 map 34

ll ApplicationsApplications
Parallel developm entParallel developm ent

ll Solution tem plateSolution tem plate
M ultistepM ultistep application of m any operatorsapplication of m any operators
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Change PropagationChange Propagation
ll Design pattern Design pattern –– Given tw o m odels and a Given tw o m odels and a 

m apping. One m odel changes. Fix the m apping m apping. One m odel changes. Fix the m apping 
and other m odel.and other m odel.

M1 M2
map12

M1¢
ll ApplicationsApplications

Schem a evolution, interface evolution, …Schem a evolution, interface evolution, …

Required m aintenance for all m eta data problem sRequired m aintenance for all m eta data problem s

ll Solution Solution tem platetem plate
Requires all of the operatorsRequires all of the operators

M2¢map12¢

m
ap

22¢
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O utlineO utline

ll IntroductionIntroduction

ll M eta data problem sM eta data problem s

ll Design patternsDesign patterns

ll Solution tem platesSolution tem plates
Change propagation Change propagation 

M odelM odelreintegrationreintegration

Change Change propagation revisitedpropagation revisited

ll Research backgroundResearch background

ll W rap upW rap up
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Change PropagationChange Propagation

xsd1xsd1

xsd2xsd2

rdb1rdb1

ll G iven Given 
m apm ap11 between xsd1 and SQ L schem a rdb1between xsd1 and SQ L schem a rdb1
xsd2, a m odified version of xsd1xsd2, a m odified version of xsd1

ll ProduceProduce
rdb2 to store instances of xsd2rdb2 to store instances of xsd2
a m apping between xsd2 and rdb2 a m apping between xsd2 and rdb2 

m ap1

rdb2rdb2m ap
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Change PropagationChange Propagation

xsd1xsd1

xsd2xsd2

rdb1rdb1

ll G iven Given 
m apm ap11 between xsd1 and SQ L schem a rdb1between xsd1 and SQ L schem a rdb1
xsd2, a m odified version of xsd1xsd2, a m odified version of xsd1

ll ProduceProduce
rdb2 to store instances of xsd2rdb2 to store instances of xsd2
a m apping between xsd2 and rdb2 a m apping between xsd2 and rdb2 

m ap1 1. 1. m apm ap22= M atch(xsd1, xsd2)= M atch(xsd1, xsd2)

1
.
m
a
p
2
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Change PropagationChange Propagation

xsd1xsd1

xsd2xsd2

rdb1rdb1

ll G iven Given 
m apm ap11 between xsd1 and SQ L schem a rdb1between xsd1 and SQ L schem a rdb1
xsd2, a m odified version of xsd1xsd2, a m odified version of xsd1

ll ProduceProduce
rdb2 to store instances of xsd2rdb2 to store instances of xsd2
a m apping between xsd2 and rdb2 a m apping between xsd2 and rdb2 

m ap1 1. 1. m apm ap22= M atch(xsd1, xsd2)= M atch(xsd1, xsd2)

1
.
m
a
p
2 2. 2. m apm ap33 = = m apm ap22 ••m apm ap11

2.
 m
ap

3
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Change PropagationChange Propagation

xsd1xsd1

xsd2xsd2

rdb1rdb1

ll G iven Given 
m apm ap11 between xsd1 and SQ L schem a rdb1between xsd1 and SQ L schem a rdb1
xsd2, a m odified version of xsd1xsd2, a m odified version of xsd1

ll ProduceProduce
rdb2 to store instances of xsd2rdb2 to store instances of xsd2
a m apping between xsd2 and rdb2 a m apping between xsd2 and rdb2 

Now we need to m erge 
Diff(xsd2,m ap4) into rdb3

m ap1 1. 1. m apm ap22= M atch(xsd1, xsd2)= M atch(xsd1, xsd2)

1
.
m
a
p
2 2. 2. m apm ap33 = = m apm ap22 ••m apm ap11

2.
 m
ap

3

3. <3. <m apm ap44, rdb3 > = Copy(, rdb3 > = Copy(m apm ap33))

rdb3rdb33. m ap4 rdb2rdb2m ap
46P.A. Bernstein, S. M elnik: M eta Data M anagement, ICDE'04 Boston

Change Propagation (cont’d)Change Propagation (cont’d)

xsd1xsd1

xsd2xsd2

rdb1rdb1m ap1

2.
 m
ap

3

rdb3rdb33. m ap4

1
.
m
a
p
2

xsd2xsd2¢¢

4
.
m
a
p
5

4. <xsd2¢, m ap5> = 
Diff(xsd2,m ap4)
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Change Propagation (cont’d)Change Propagation (cont’d)

xsd1xsd1

xsd2xsd2

rdb1rdb1m ap1

2.
 m
ap

3

rdb3rdb33. m ap4

1
.
m
a
p
2

xsd2xsd2¢¢

4
.
m
a
p
5

4. <xsd2¢, m ap5> = 
Diff(xsd2,m ap4)

rdb4rdb45. m ap6

5. <rdb4, m ap6> = 
M odelG en(xsd2¢, SQ L)
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Change Propagation (cont’d)Change Propagation (cont’d)

xsd1xsd1

xsd2xsd2

rdb1rdb1m ap1

2.
 m
ap

3

rdb3rdb33. m ap4

1
.
m
a
p
2

xsd2xsd2¢¢

4
.
m
a
p
5

4. <xsd2¢, m ap5> = 
Diff(xsd2,m ap4)

rdb2rdb2

7. 
m a

p8

7. m ap
9

7. <rdb2, m ap8, m ap9> =
M erge(rdb3, rdb4, m ap7)

6
.
m
a
p
7

6. m ap7 = m ap4 •m ap5 •m ap6

rdb4rdb45. m ap6

5. <rdb4, m ap6> = 
M odelG en(xsd2¢, SQ L)
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Com plete Script in RondoCom plete Script in Rondo
Operator Definition: PropagateChanges(s1, d1, s1_d1, s2, c, s2_c)

1.  s1_s2 = M atch(s1, s2);

2.  〈d1¢, d1¢_d1〉 = Delete(d1, Traverse(All(s1) - Dom ain(s1_s2), s1_d1));

3. 〈c¢, c¢_c〉 =  Extract(c, Traverse(All(s2) - Range(s1_s2), s2_c));

4.  c¢_d1¢=  c¢_c*Invert(s2_c) *Invert(s1_s2) *s1_d1 *Invert(d1¢_d1);

5.  〈d2, c¢_d2, d1¢_d2〉 = M erge(c¢, d1¢, c¢_d1¢);

6. s2_d2 = s2_c *Invert(c¢_c) *c¢_d2 +
Invert(s1_s2) *s1_d1 *Invert(d1¢_d1) *d1¢_d2;

7.  return 〈d2, s2_d2〉;

SQL XSD:PropagateChanges(s1, d1, s1_d1, s2, M odelGen(s2, XSD));

Operator Use:Operator Use:
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M odel reintegrationM odel reintegration

ll Design patternDesign pattern

Reconcile independent changes Reconcile independent changes 

All changes of each m odelAll changes of each m odel

No “duplicate additions”No “duplicate additions”

ll Sim plified exam pleSim plified exam ple
“Additions” = add m odel elem ent“Additions” = add m odel elem ent
(also: drop constraints, (also: drop constraints, reorgreorg. m odel). m odel)

“Deletions” = delete m odel elem ent“Deletions” = delete m odel elem ent
(also: add constraints, (also: add constraints, reorgreorg. m odel). m odel)

M appings shown as lines M appings shown as lines betwbetw . elem ents. elem ents
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m R

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

ll Direct m odel integration “loses” either Direct m odel integration “loses” either 
deletions or additionsdeletions or additions

ll Need Need m,,m_mA,,m_mB

M erge?

m_mA
m_mB
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SolutionSolution
tem platetem plate

OrderID
Product
BrandBrand

m

mA

OrderID
Product
Rebate

mB

OrderID
Product
Brand
Discount
ShipDate

mA¢

OrderID
Product
Rebate mB¢

OrderID
Product
Discount
ShipDate

ll 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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m B¢

OrderID
Product
BrandBrand

m

mA¢

OrderID
Product
Rebate

OrderID
Product
Discount
ShipDate

ll Com position Com position 
produces a produces a 
partial m appingpartial m apping

?

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

mBx

ll IdentifyIdentify
additionsadditions
(Diff)(Diff)

OrderID
Product
BrandBrand

m
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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

mBxM atchM atch

ll IdentifyIdentify
additionsadditions
(Diff)(Diff)

ll M atchM atch mAx
andand mBx

OrderID
Product
BrandBrand

m
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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

mBxM atchM atch

Com poseCom pose

ll IdentifyIdentify
additionsadditions
(Diff)(Diff)

ll M atchM atch mAx
andand mBx

OrderID
Product
BrandBrand

m

ll Com poseCom pose
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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

mBxM atchM atch

Com poseCom pose

ll IdentifyIdentify
additionsadditions
(Diff)(Diff)

ll M atchM atch mAx
andand mBx

OrderID
Product
BrandBrand

m

ll Com poseCom pose

ll AlignAlign
partial partial 
m appings m appings 
((ConflConfl.).)

mA¢_mB¢
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O rderID
Product
BrandBrand

m

mA¢

OrderID
Product
Rebate mB¢

OrderID
Product
Discount
ShipDatemA¢_mB¢
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O rderID
Product
BrandBrand

m

mA¢

OrderID
Product
Rebate mB¢

OrderID
Product
Discount
ShipDate

M ergeM ergemR

OrderID
Product
Rebate/Discount
ShipDate

ll M erge M erge mA¢
and and mB¢
using using 
mA¢_mB¢

mA¢_mB¢
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O rderID
Product
BrandBrand

m

mA¢

OrderID
Product
Rebate mB¢

OrderID
Product
Discount
ShipDate

M ergeM ergemR

OrderID
Product
Rebate/Discount
ShipDate

(end)(end)

SolutionSolution
tem platetem plate

ll M erge M erge mA¢
and and mB¢
using using 
mA¢_mB¢

mA¢_mB¢

ll Com poseCom pose

ll AlignAlign
partial partial 
m appings m appings 
((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 = M atch(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¢〉 = M erge(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¢

mBx

mA

m

mR

mB

M apping reuse
pattern
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SubSub--pattern: propagate deletionspattern: propagate deletions

m

mA

mB

(added to (added to mmBB))

(not deleted(not deleted

by way of by way of mmAA))

OrderID
Product
Brand
Discount
ShipDate

OrderID
Product
BrandBrand

OrderID
Product
Rebate
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Com poseCom pose

SubSub--pattern: propagate deletionspattern: propagate deletions

m

mA

mB

(added to (added to mmBB))

(not deleted(not deleted

by way of by way of mmAA))

OrderID
Product
Brand
Discount
ShipDate

OrderID
Product
BrandBrand

OrderID
Product
Rebate
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Com poseCom pose

SubSub--pattern: propagate deletionspattern: propagate deletions

m

mA

mB

(added to (added to mmBB))

(not deleted(not deleted

by way of by way of mmAA))ExtractExtract

OrderID
ProductOrderID

Product
Brand
Discount
ShipDate

OrderID
Product
BrandBrand

OrderID
Product
Rebate
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Com poseCom pose

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

Discount
ShipDate

OrderID
ProductOrderID

Product
Brand
Discount
ShipDate

OrderID
Product
BrandBrand

OrderID
Product
Rebate
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Com poseCom pose

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
geCom pose,Com pose,

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〉 = M erge(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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O utlineO utline

ll IntroductionIntroduction

ll M eta data problem sM eta data problem s

ll Design patternsDesign patterns

ll Solution tem platesSolution tem plates
Change propagation Change propagation 

M odelM odelreintegrationreintegration

Change Change propagation revisitedpropagation revisited

ll Research backgroundResearch background

ll W rap upW rap up
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Change propagationChange propagation

ll Solution tem plateSolution tem plate

Propagate deletionsPropagate deletions

Include additionsInclude additions

M erge resultM erge result

71P.A. Bernstein, S. M elnik: M eta Data M anagement, ICDE'04 Boston

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¢〉 = M erge(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

M erge

s1

s2

d1

d1¢s2¢

d2
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ReintegrationReintegration

Propagation of deletionsPropagation of deletions

Change propagationChange propagation

Com poseCom poseExtractExtract DiffDiff M ergeM ergeConfluenceConfluence

Data integrationData integration

View  integrationView  integration

Schem a evolutionSchem a evolution

M odel m appingM odel m apping

M apping reuseM apping reuse

M atchM atch

Schem a versioningSchem a versioning

. . .. . .

. . .. . .

FirstFirst--cut taxonom y of patternscut taxonom y of patterns
. . .. . .

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

. . .. . .

LegendLegend
AA BB
AA uses uses BB inin
its solutionits solution



© 2004 M icrosoft Corporation. All rights reserved. 13

73P.A. Bernstein, S. M elnik: M eta Data M anagement, ICDE'04 Boston

O utlineO utline

ll IntroductionIntroduction

ll M eta data problem sM eta data problem s

ll Design patternsDesign patterns

ll Solution tem platesSolution tem plates

ll Research backgroundResearch background

ll W rap upW rap up
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The Com m ercial W orldThe Com m ercial W orld
ll Books for IT professionalsBooks for IT professionals

A. A. TanenbaumTanenbaum : M etadata Solutions, Addison: M etadata Solutions, Addison--
W esley, 2001W esley, 2001

D. M arco: Building and M anaging the M eta Data D. M arco: Building and M anaging the M eta Data 
Repository, W iley, 2000Repository, W iley, 2000

ll StandardsStandards--
UM L, M O F, CW M  (OM G )UM L, M O F, CW M  (OM G )

XM L, RDF, XM L Schem a, OW L (W 3C)XM L, RDF, XM L Schem a, OW L (W 3C)

ll Products and toolsProducts and tools
M odeling: IBM  Rational Rose, Visio, CA M odeling: IBM  Rational Rose, Visio, CA AllFusion, AllFusion, 
Borland TogetherBorland Together

G eneral G eneral m eta datam eta data m anagers: CA Advantage, m anagers: CA Advantage, 
M icrosoft M eta Data Services, M icrosoft M eta Data Services, M etaIntegrationM etaIntegration

M eta data services in data w arehousing ETL tools: M eta data services in data w arehousing ETL tools: 
Inform aticaInform atica, , AscentialAscential, ETI, Data Advantage, …, ETI, Data Advantage, …
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The Research W orld The Research W orld 
ll M odel M anagem entM odel M anagem ent

A com putational A com putational m eta datam eta data fram ew ork based on fram ew ork based on 
m odels, m appings, and the operators described m odels, m appings, and the operators described 
here (M atch, M erge, Com pose, … )here (M atch, M erge, Com pose, … )

ll M eta Data is a very active research areaM eta Data is a very active research area
Papers com ing from  m any DB research groupsPapers com ing from  m any DB research groups

Som e Som e areare problemproblem --focusedfocused (e.g. data integration)(e.g. data integration)

Som e Som e areare operatoroperator--focusedfocused (e.g. M atch, M erge)(e.g. M atch, M erge)
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M M  System  ArchitectureM M  System  Architecture

OR M apper

M eta-M eta-M odel

M atch

M erge

Com pose
Copy

Apply …

UIGenerator

M odel
M anager

O bject-O riented
Repository

SQL
DBM S

Bill

Custom er

Upd ate

M arketin g

Inventory

Authorize

Cred it
O rder

Entry

Sche dule

De livery

C ustom er

O rder

Scheduled
D elivery

Product

Salesperson

select all

cust
em p
dept
dno
dna

G eneric ToolsG eneric Tools
••BrowserBrowser
••Im port/exportIm port/export
••ScriptingScripting

••EditorsEditors
••CatalogsCatalogs

Inferencing
Engine

¸̧̧̧ &&&& ^̂̂̂ ££££
””””

$$$$

""""
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Sum m arySum m ary
ll M any DB problem s are easier to solve M any DB problem s are easier to solve 

by m anipulating m eta databy m anipulating m eta data

ll M eta data problem s and solutions M eta data problem s and solutions 
strongly resem ble one anotherstrongly resem ble one another

ll M ethodology: Use design patterns, M ethodology: Use design patterns, 
solution tem plates, and operators to solution tem plates, and operators to 
sim plify developm ent of m eta data sim plify developm ent of m eta data 
applicationsapplications

ll There is m uch research to be doneThere is m uch research to be done
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ReferencesReferences
ll http://http://research.m icrosoft.com /db/M odelM gtresearch.m icrosoft.com /db/M odelM gt
ll O verviewO verview

Bernstein, CIDR 2003Bernstein, CIDR 2003
Bernstein, Halevy, Pottinger, SIG M O D Record, Dec. 2000Bernstein, Halevy, Pottinger, SIG M O D Record, Dec. 2000

ll Im plem entationIm plem entation
M elnik, Rahm , & Bernstein, SIG M O D 2003 M elnik, Rahm , & Bernstein, SIG M O D 2003 
andand J. W eb Sem antics 1, 2003J. W eb Sem antics 1, 2003

ll DataData W arehouse Exam plesW arehouse Exam ples
Bernstein & Rahm , ER 2000Bernstein & Rahm , ER 2000

ll M atchM atch OperationOperation
Survey: Rahm  & Bernstein , VLDB J., Dec. 2001Survey: Rahm  & Bernstein , VLDB J., Dec. 2001

ll M ergeM erge OperationOperation
Pottinger & Bernstein, VLDB 2003Pottinger & Bernstein, VLDB 2003
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The M atch “O perator”The M atch “O perator”

ll Schem a m atching (m apping discovery)Schem a m atching (m apping discovery)

Given tw o schem as, return correspondences Given tw o schem as, return correspondences 
that specify pairs of related elem entsthat specify pairs of related elem ents

ll Sem antic M apping (query discovery)Sem antic M apping (query discovery)
Given correspondences betw een tw o Given correspondences betw een tw o 
schem as, return an expression that schem as, return an expression that 
translates instances of one schem a into translates instances of one schem a into 
instances of the other.instances of the other.
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Schem a M atching ProblemSchem a M atching Problem

ll InputInput
Schem as SSchem as S11 and Sand S22

Possibly data instances for SPossibly data instances for S11 and Sand S22

Background know ledge Background know ledge –– thesauri, thesauri, 
validated m atches, standard schem as, validated m atches, standard schem as, 
constraints (keys, data types), ontologies, constraints (keys, data types), ontologies, 
NL glossaries, etc.NL glossaries, etc.

ll O utputOutput
Correspondences betw een elem ents of Correspondences betw een elem ents of 
SS11 and Sand S2 2 

Used by perm ission of Erhard Rahm, Hong HaiDo, and Sergey M elnik 82P.A. Bernstein, S. M elnik: M eta Data M anagement, ICDE'04 Boston

Schem a M atching ApproachesSchem a M atching Approaches
ll M anyM any good good ideasideas

Rahm  & Bernstein, VLDB J, Dec ’01Rahm  & Bernstein, VLDB J, Dec ’01

Individual matchers

Schema-based Content-based

• Graph 
matching

Linguistic Constraint
-based

StructuralPer-Element

• Types
• Keys

• Value pattern   
and ranges

Constraint
-based

Linguistic 

• IR (word 
frequencies, 
key terms)

Per-Element

Constraint
-based

• Names
• Descriptions

ll But none are robust But none are robust fifififififififi com bine ideascom bine ideas
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The Cupid AlgorithmThe Cupid Algorithm

City Street

PurchaseOrder

InvoiceToDeliverTo

City Street City Street

Address Address

POShipTo

PO

POBillTo

City Street

Sim++

ll Com putes linguistic sim ilarity of elem ent pairsCom putes linguistic sim ilarity of elem ent pairs

ll Com putes structural sim ilarity of elem ent pairsCom putes structural sim ilarity of elem ent pairs

ll G enerates a m appingGenerates a m apping

Sim > q
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M atching Anatom y OntologiesM atching Anatom y Ontologies

ll M atch tw o hum an anatom y ontologies M atch tw o hum an anatom y ontologies 

FM A FM A –– Univ. of W ashingtonUniv. of W ashington

Galen CRM  Galen CRM  –– Univ. of M anchester (UK)Univ. of M anchester (UK)

By Peter M ork (Univ. of W ashington)By Peter M ork (Univ. of W ashington)

Both m odels are bigBoth m odels are big

ll Ultim ate goal w as finding differencesUltim ate goal w as finding differences

ll Like m ost m atch algorithm s, ours Like m ost m atch algorithm s, ours 
calculates a sim ilarity score for the calculates a sim ilarity score for the 
mm ········nn pairs of elem entspairs of elem ents
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Aligning RepresentationsAligning Representations

FM A:FM A:

CRM :CRM :

Heart sensiblyHeart sensibly
hasStructuralCom ponenthasStructuralCom ponent
ValveInHeartValveInHeart

Heart
Cardiac
valve

generic 
part

Heart
Cardiac
valve

generic
part

Heart

sensibly

h-S-C

Valve In
Heart
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Anatom y M atching AlgorithmAnatom y M atching Algorithm

1.1. Lexical M atchLexical M atch
•• Norm alize string, UM LS dictionary lookup, Norm alize string, UM LS dictionary lookup, 

convert to conceptconvert to concept--ID from  thesaurusID from  thesaurus
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Anatom y M atching AlgorithmAnatom y M atching Algorithm

1.1. Lexical M atchLexical M atch
•• Norm alize string, UM LS dictionary lookup, Norm alize string, UM LS dictionary lookup, 

convert to conceptconvert to concept--ID from  thesaurusID from  thesaurus

•• String com parison String com parison fifififififififi 306 m atches306 m atches

•• Adding spaces, ignoring case Adding spaces, ignoring case fifififififififi 1834 m atches1834 m atches

•• Lexical tools Lexical tools fifififififififi 3503 m atches3503 m atches

88P.A. Bernstein, S. M elnik: M eta Data M anagement, ICDE'04 Boston

Anatom y M atching Exam pleAnatom y M atching Exam ple

Heart
Cardiac
valve

generic
part

Heart

sensibly

h-S-C

Valve In
Heart

S = 2/15

S = 1
S = 1

S: similarity score
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Anatom y M atching AlgorithmAnatom y M atching Algorithm

1.1. Lexical M atchLexical M atch
•• Norm alize string, UM LS dictionary lookup, Norm alize string, UM LS dictionary lookup, 

convert to conceptconvert to concept--ID from  thesaurusID from  thesaurus

2.2. Structure M atchStructure M atch

•• Sim ilarity(reifiedSim ilarity(reified nodes) nodes) 
= = Average(neighborsAverage(neighbors))

•• BackBack--propagate to neighborspropagate to neighbors
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Anatom y M atching Exam pleAnatom y M atching Exam ple

Heart
Cardiac
valve

generic
part

Heart

sensibly

h-S-C

Valve In
Heart

S = 2/3

S = 2/15

S = 1
S = 1

S: similarity score
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Anatom y M atching AlgorithmAnatom y M atching Algorithm
1.1. Lexical M atchLexical M atch

•• Norm alize string, UM LS dictionary lookup, Norm alize string, UM LS dictionary lookup, 
convert to conceptconvert to concept--ID from  thesaurusID from  thesaurus

2.2. Structure M atchStructure M atch
•• Sim ilarity(reifiedSim ilarity(reified nodes) nodes) 

= = Average(neighborsAverage(neighbors))

•• BackBack--propagate to neighborspropagate to neighbors

•• Adds 64 m atches (to previous 3503)Adds 64 m atches (to previous 3503)

•• Im plies 875 reified relationship m atchesIm plies 875 reified relationship m atches
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Anatom y M atching AlgorithmAnatom y M atching Algorithm
1.1. Lexical M atchLexical M atch

•• Norm alize string, UM LS dictionary lookup, Norm alize string, UM LS dictionary lookup, 
convert to conceptconvert to concept--ID from  thesaurusID from  thesaurus

2.2. Structure M atchStructure M atch
•• Sim ilarity(reifiedSim ilarity(reified nodes) nodes) 

= = Average(neighborsAverage(neighbors))

•• BackBack--propagate to neighborspropagate to neighbors

3.3. Align SuperAlign Super--classesclasses
•• SuperSuper--class sim ilarity = average sim ilarity of class sim ilarity = average sim ilarity of 

children, grandchildren, greatchildren, grandchildren, great--grandchildrengrandchildren

•• Adds 213 m atches (to 3567)Adds 213 m atches (to 3567)
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Som e LessonsSom e Lessons
ll A com m on encoding of m odels is hard A com m on encoding of m odels is hard 

and involves com prom isesand involves com prom ises
Different styles of reifying relationshipsDifferent styles of reifying relationships

CRM  stores transitive relationships CRM  stores transitive relationships 

ll M atch needs to invent generalizationsM atch needs to invent generalizations
In FM A, In FM A, arterial supply, venous drainage,arterial supply, venous drainage,
nerve supply, lymphatic drainagenerve supply, lymphatic drainage
In CRM , these all m ap to In CRM , these all m ap to isServedByisServedBy

ll O n big m odels, M atch is expensiveOn big m odels, M atch is expensive
Som e steps required days to executeSom e steps required days to execute

CrossCross--product filled 80 GB (< 1GB input).product filled 80 GB (< 1GB input).
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O utlineO utline

Introduction to M odel M anagem entIntroduction to M odel M anagem ent

Using M M  to solve m eta data problem sUsing M M  to solve m eta data problem s

M atching anatom y ontologiesM atching anatom y ontologies

ll M odel m ergingM odel m erging

ll W rapW rap--upup
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M erge(M erge(MM 11, , MM 22, , m apm ap))

ll Return the union of m odels Return the union of m odels MM 11 and and MM 22
Use Use m apm ap to guide the M ergeto guide the M erge
If elem ents x = y in If elem ents x = y in m apm ap, then collapse , then collapse 
them  into one elem entthem  into one elem ent

Emp

Addr Name

Emp

Name Phone

map

=

Emp

Name PhoneAddr
⇒⇒⇒⇒
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M erge(MM erge(M 11, M, M 22, m ap), m ap)
ll [[Bunem anBunem an, Davidson, , Davidson, KoskyKosky, EDBT 92], EDBT 92]

M etaM eta--m odel has aggregation & generalization onlym odel has aggregation & generalization only

Union, and collapse objects having the sam e nam eUnion, and collapse objects having the sam e nam e

FixFix--up step for inconsistencies created by m ergingup step for inconsistencies created by m erging

Y

X

a

Z

X

a
Y X Z

W

a

Y

X

Z

a a

Successive Successive fixupsfixups lead to different results lead to different results LLLLLLLL

Batch them  at the end, to get a unique m inim al resultBatch them  at the end, to get a unique m inim al result

Now  enrich the m etaNow  enrich the m eta--m odel (containm ent, com plex m odel (containm ent, com plex 
m appings, m appings, …… ) & m erge sem antics (conflicts, deletes)) & m erge sem antics (conflicts, deletes)
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Emp

Emp#

Name

Employee

EmployeeID

FirstName

LastName

mapee

1

2

3 4

Resolving M erge ConflictsResolving M erge Conflicts

Emp

Emp#

Name

FirstName LastName

5

6

7

8

9

10

11

Meta Meta
Model

Conflict

Model
Conflict

Meta
Model

Conflict
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Contributions to M ergeContributions to M erge
[Pottinger & Bernstein, VLDB 03][Pottinger & Bernstein, VLDB 03]

ll Generic correctness criteria for M ergeGeneric correctness criteria for M erge

ll Use of firstUse of first--class input m apping (not just class input m apping (not just 
correspondences)correspondences)

ll Taxonom y of conflicts & resolution strategiesTaxonom y of conflicts & resolution strategies

ll Characterize w hen M erge can be autom aticCharacterize w hen M erge can be autom atic

ll A m erge algorithm  for an EER representationA m erge algorithm  for an EER representation

ll Experim ental evaluationExperim ental evaluation
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An Approach to An Approach to M odelGenM odelGen
[Atzeni & [Atzeni & TorloneTorlone, EDBT , EDBT ''96]96]

ll M etaM eta--m odels are m ade of patternsm odels are m ade of patterns

(a)

Object has
sub-object

(b)

Aggregation
has attributes

(c)

Aggregation
has key

ll Define pattern transform ations as rulesDefine pattern transform ations as rules
For XSDFor XSDfifififififififi SQ L, SQ L, 

+

ll To translate MTo translate M ss into m etainto m eta--m odelm odeltt((M MM M tt), ), 
Apply rules that replace patterns in MApply rules that replace patterns in M SS that are that are 
notnotin in M MM M ttby patterns that by patterns that areare in in M MM M tt
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M odelG enM odelG en ResearchResearch

ll M ore com plete repertoire of patterns M ore com plete repertoire of patterns 

ll M ake patterns m ore genericM ake patterns m ore generic

ll Integrate w ith rules engine (avoid cycles, Integrate w ith rules engine (avoid cycles, 
control search)control search)

ll Im plem ent itIm plem ent it
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