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Make it easier to write programs that access 
databases

Traditionally, for large IT departments

Much progress, but itõs still ~40% of the work

Core problem is developing and using complex 
mappings between schemas
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Data translation

XML message mapping

Data warehouse loading

Query mediators

Forms managers

Report writers

Query designers

Object-relational wrappers

Portal generation from DB

OLAP databases

Application integration

Composing web services
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Most packaged business 
apps need to access an 
OO view of relational 
data

Requires an OR mapping

Objects

Relational
database

Business logic
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Person = HR ÇpID,Name(Client) 

Employee = HR  γ Empl

Customers = Client

Target: EER

Person

Id
Name

Employee

Dept

Customer

Source: SQL
HR

Id   Name

Client

Id   Name  Score  ...

Empl

Id   Dept

CreditScore
BillingAddr
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SELECTVALUE

CASE
WHEN(T5._from2 ANDNOT(T5._from1))   THENPerson(T5.Person_Id, T5.Person_Name)            
WHEN(T5._from1 ANDT5._from2)  

THENEmployee(T5.Person_Id, T5.Person_Name,  T5.Employee_Dept)
ELSECustomer(T5.Person_Id, T5.Person_Name,  T5.Customer_CreditScore, 

T5.Customer_BillingAddr)
END

FROM(   (SELECTT1.Person_Id, T1.Person_Name,  T2.Employee_Dept,  

CAST(NULLAS SqlServer.int) ASCustomer_CreditScore, 

CAST(NULLASSqlServer.nvarchar) ASCustomer_BillingAddr, False AS_from0, 
(T2._from1 ANDT2._from1 ISNOTNULL) AS_from1,  T1._from2

FROM( SELECTT.IdASPerson_Id, T.NameASPerson_Name, True AS_from2
FROMHR AST) AST1

LEFT OUTER JOIN (
SELECTT.IdASPerson_Id,  T.DeptASEmployee_Dept, True AS_from1
FROMdbo.EmplAS T) AST2

ONT1.Person_Id = T2.Person_Id )

UNION ALL (
SELECTT.IdASPerson_Id,  T.NameASPerson_Name,  

CAST(NULLASSqlServer.nvarchar) ASEmployee_Dept, 
T.ScoreASCustomer_CreditScore,  T.AddrASCustomer_BillingAddr,   
True AS_from0,  False AS_from1,  False AS_from2

FROMClient AST)
) AST5

[ Melnik,  Adya, Bernstein,   
SIGMOD 07]
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Heterogeneity 

Impedance mismatch

Insufficient abstraction

Potpourri of tools

[ Haas, ICDT 07]
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More data models
Java, ODMG, XSD, .NET

RDF, OWL, EDM, SML

More programming languages

More types of tools

More schema sources
Web site wrappers

Google Base

Generic info extractors [Gubanov, Bernstein WebDB 06]
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Process

P
re

ci
si

on

Info Integration Workshop
http://db.cis.upenn.edu/iiworkshop/
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Metadata Repository

Model
Management

Engine

Wrapper 

Generator

Query

Mediator
ETL

ToolsManipulate 
models & mappings 

as bulk objects
Customer

Order

Scheduled

Delivery

Product

Salesperson
mapping

Operations
ÅMatch
ÅCompose
ÅMerge

ÅDiff/Extract
ÅModelGen
ÅInverse

Meta - model independent
Årelational, ER, OO, XML, 
RDF, OWL, SML, é

[ Bernstein, Halevy, 
Pottinger    
SIGMOD Record 00]
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More research focus on primary operations

More powerful operations

Hence better tools

More leverage from tool investments

More uniform behavior across tools
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Good News
Lots of progress on operations

Some practical applications

A lot has been learned

Bad News

Still waiting for the first reasonably-complete 
practical implementation

Good news

A lot of research left to do
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What has changed: Use richer mappings

What haschanged: Include the runtime

Model Management 2.0 in detail
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Mappings are structural

Relate schemas, not data

Operations oblivious to 
mapping semantics 

Semantics is a plug-in

Mappings are semantic

Relate schemas and data

Operations sensitive to 
mapping semantics

Semantics is built-in
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EID

Name
Tel
AID

AID

Street
City
Zip

Empl

SID

Name
BirthDate
Address

Staff

Addr

=

=

concat

mapping

pEID(Empl) = pSID(Staff) Ø

pEID,Name(Empl) = pSID,Name(Staff) Ø

pEID,AID,Concat(Street,City,Zip)(Emplẚ Addr) = 
pSID,Address(Staff)

Plug in semantic expression

[Bernstein. CIDR 03]
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EID

Name
Tel
AID

AID

Street
City
Zip

Empl

SID

Name
BirthDate
Address

Staff

Addr

=

=

concat

map

pEID(Empl) = pSID(Staff) Ø

pEID,Name(Empl) = pSID,Name(Staff) Ø

pEID,AID,Concat(Street,City,Zip)(Emplẚ Addr) = 
pSID,Address(Staff)
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Element correspondences
First step in aligning schemas

For lineage & impact analysis

Weak or no formal semantics

Mapping constraints relate instances of schemas

E.g., equality of relational expressions

Transformation is an executable mapping constraint
Constructstarget instances from source instances

E.g., SQL query, XSLT, C# program

SELECTId, Name, Dept  =  SELECT Id, Name, Dept
FROM Employee               FROMHRJOINEmpl ON Id

[Catarci, Lenzerini. J. CoopIS93]

[Miller, Haas, Hernandez. VLDB 00]
[Casanova, Vidal. PODS 83]

[Biskup, Convent. SIGMOD 86]
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What we want: first-order logic with 

aggregation

set and bag semantics

regular expressions

nested collections and lists

rich type constructors 
(e.g., to construct XML fragments), 

user-defined functions

deduplication and other heuristic functions

What can we handle? é Much less.
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Clio Project
ÅIBM, Univ. of Toronto,

U.C. Santa Cruz
ÅMiller, Haas, Hernandez, 
Fagin, Ho, Popa, Tan, é 

Model Management

ÅMicrosoft, Univ. of Washington,
Univ. of Leipzig
ÅBernstein, Halevy, Pottinger,

Rahm, Madhavan, Melnik, ...

Build a design tool 
for semantic mappings

Build model management
operations with plug -in 
semantics

Study model management 
operations with semantics
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Model management 
is independent of 
run-time

No special run-time 
functionality

Model management is 
tied to a run-time

Run-time functions are 
sensitive to mapping 
expressiveness and 
model mgt capabilities
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