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Question

Give me a list of 15 inch aluminum skillets with nonstick coating

    rated at least 4 out of 5 by Consumer Reports

    that sell for under $30
         

    and are currently in stock.
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Data Sources

Demographic
Data

Company
Data

Price
Sheets

Vendor
Catalogs

Consumer
Reports
Ratings

Retailer
Product

Data

Currency
Conversion

Tables

Inventory
Data
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Information Integration

Information Broker

Clien t Clien t Clien t

SourceSourceSource
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• Dif f iculties of Using Multiple Sources
– Distribution

• Network delays

• Part-time operation

– Platform Heterogeneity (dozens)
• Differences  in protocol

• Differences in format (XML, HTML, spreadsheet, ODBC,…)

– Conceptual Heterogeneity (thousands)
• Differences in schema and vocabulary

• Relative incompleteness

• Lif e is Change
– Technological innovation

– New Buyers, Suppliers, Market Makers

Complications

“73% of business managers
surveyed said they could not
access data in their own corporate
databases.  “

Gartner Group Report
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Syntactic Search Engines

Google

Document DocumentDocumentDocument Document

Search Words Document References
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Too Many Results

Query:
    Who is older -- Jane or John?

Search Words:
    John
    Jane
    older

Document Fragments:

..John is older than Jane...

..John is older than Jill...

...Jim is older than Jane...

Jill wants to know whether John is older than Jane...
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Too Few Results

Query:
    Is it the case that John is older than Jane?

Document fragments:

..Jane is younger than John...

..John is more advanced in years than Jane...

...John is the father of Jane...
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No Integration

Query:
    Is it the case that John is older than Jane?

Documents:

...John is older than Jill...

...Jill is older than Jane...
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Content vs. Form

Those who will not reason
Perish in the act;
Those who will not act
Perish for that reason.

Thosewhowil lnot r
eas onPerish inth e
act ; Thosewhowil l
not actP eris hfor t
hat reas on.

Semantic View Syntactic View
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Structured Data

Free Form Text
    Easy to Use but limited capability
    Too Few answers, too many answers
    Impossible to Aggregate effectively

Structured Data
    Taxonomy, Attributes, Typed Values
    Powerful search possible
    Aggregation possible

Adding tags a llows machine to understand so we 
can sear ch  and integrate.
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Potential Application Areas

Corporate Logistics - Enterprise Resource Directories
    Personnel, locations, organizations, equipment, orders

Electronic Commerce - Integrated Product Catalogs
    Catalogs, inventories, product ratings, contracts

Health Care - Consolidated Patient Records
    Doctors, nurses, lab technicians, administrators, patients

Multidisciplinary Engineering - Concurrent Engineering
    Architects, engineers, construction planners

Command and Control - Situation Assessment
    Commanders, intelligence, field officers, consultants
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    Data Integration System - integrated access to heterogeneous data sources
    giving the  illusion of a homogeneous data management system

Semantic Integration in Infomaster

Infomaster

Clien t Clien t Clien t

SourceSourceSource

“Infomaster creates an environment that makes it easier
for information consumers to get the information they
need to answer their questions, while making it easier for
owners to publish and share their databases. “

Dennis Rayer, Manager, Data Warehouse,
Stanford University
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Databases

name   manager  of fi ce    phone
      
Jo hn    Ji ll    MJH222    38086
Ja ne    Je rr y   Cedar12   57493
Ji ll            MJH222   
Je rr y           420- 032   56777
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Fragmentation

Horizontal fragmentation

Vertical Fragmentation

name   manager  of fi ce    phone
      
Jo hn    Ji ll    MJH222    38086
Ja ne    Je rr y   Cedar12   57493

name   manager  of fi ce    phone
      
Ji ll            MJH222   
Je rr y           420- 032   56777

name   off ic e    phone
      
Jo hn   MJH222    38086
Ja ne   Cedar 12   57493
Ji ll   MJH222   
Je rr y  420 -0 32   56777

name   manager
      
Jo hn    Ji ll
Ja ne    Je rr y
Ji ll
Je rr y
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Conceptual Heterogeneity

name   manager  of fi ce    phone
      
Jo hn    Ji ll    MJH222    38086
Ja ne    Je rr y   Cedar12   57493
Ji ll            MJH222   
Je rr y           420- 032   56777

name  empl oy ee loc at ion  t el eph one
      
Jo hn            MJH222    72380 86
Ja ne            Cedar12   72574 93
Ji ll    Jo hn    MJH222   
Je rr y   Ja ne    420- 032   72567 77

“The biggest problem facing anyone who wants to
search multiple structured databases. . .is that many
organizations use different words to describe the
same thing. “

Martin Marshall, Communications Week
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Relational Logic for Mapping

empl oye e(X ,Y ):- manager( Y,X ).

name   manager  of fi ce    phone
      
Jo hn    Ji ll    MJH222    38086
Ja ne    Je rr y   Cedar12   57493
Ji ll            MJH222   
Je rr y           420- 032   56777

name  empl oy ee loc at ion  t el eph one
      
Jo hn            MJH222    72380 86
Ja ne            Cedar12   72574 93
Ji ll    Jo hn    MJH222   
Je rr y   Ja ne    420- 032   72567 77
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Rules in Epilog

Safe, Horn Rules

    gra ndpa rent (X,Z ) :- par ent( X,Y) , pa rent (Y,Z ).

Existential Variables

    par ent( X,f( X,Z) ) :- gra ndpa rent (X,Z ).

Disjunction/Classical Negation

    fat her( X,Y) | m othe r(X, Y) : - pa rent (X,Y ).

    fat her( X,Y) :- pare nt(X ,Y), ~mother (X,Y ).
    mother( X,Y) :- pare nt(X ,Y), ~fa ther (X,Y ).

Recursion

    anc esto r(X, Y) : - pa rent (X,Y ).
    anc esto r(X, Z) : - pa rent (X,Y ), a nces tor( Y,Z) .
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Reference Schema

�Schema

Schema Schema Schema Schema

Reference Schema

Schema Schema

RulesRules Rules

RulesRules Rules Rules
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Plug-in Architecture

Semantic Integrator

Br owser Warehouse App lica tio n 

App lica tio n XML FileDatabase

 HTML  ODBC   API

Plug-ins Plug-ins

ODBC  XML   APIAPI

App lica tio n
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Data Warehouse
Centralized Data
(Moving the data)

Middleware
Distributed Data
(Moving the query)

Spectrum of Data
Management Strategies

80% 10%

Selective Materialization
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Internet/Intranet
    Physical Network
    Hyperlinked Databases and
    Documents

Click-through Browsing
Update (single entry principle)
Cross Category Search
Notification (smart push)

Dataweb User Interface

“This is one of the most useful
applications I’ve seen on the net. “
           Matt Brown, Tandem Computers

DataWeb
    Virtual information network
    Hyperlinked Concepts
    (one entity, one page)
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Demonstration Architecture

Cornin g
Data Source

Rule
Library

Integrator Internal
Warehou se

Cost co Interf ace Payless I nterface

Corning
Agent

Mirro
Agent

Regal
Agent

Mirr o
Data Source

Regal
Data Source

Cost co Buyer Payless Bu yer

GTW Inter face

GTW Catalog Us er
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Assets Leveraged

Complexity hidden

SQL Skills and Code preserved

A

Reference
Schema

B

SQL
SQL

Epilog
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Business to Business Net Commerce
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Source: Forrester Research, 1999
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Market Makers

Digi tal
Marketplace

Suppliers Buyers
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The Infomediaries Market

$0
$2
$4
$6
$8

$10
$12
$14
$16
$18
$20

1998 1999 2000 2001 2002

Ads
Fees

$Billions

Source: Volpe Brown Whelan



49

Components of Digital Marketplace

Transaction execution
Order taking, tracking, payment, auction,…

Order Fulfill ment
Requisition, approval process, budget, pricing

Product Information Management
Aggregation of Product Information
Search and Update
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“The catal og  …   is what I
believe is bl ocking the growth of
Internet commerce today…”

Geoffrey Moore, Author of Crossing
the Chasm, RedHerring, February
1999.

Quote
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View Inversion

Clien t

Source Source Source Source

Reference Schema

Clien t Clien t

RulesRules Rules

RulesRules Rules Rules

Clien t

Source Source Source Source

Reference Schema

Clien t Clien t

RulesRules Rules

RulesRules Rules Rules
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View Inversion

Example

Automated View Inversion
   Predicate Completion on relations in Reference Model
    Simpli fication within and across rules using Model Elimination

    Correct (all answers justified by data)
    Complete (all such answers)

    Best newcomer paper award at PODS 97
    US Patent pending

empl oye e(X ,Y ):- manager( Y,X ).

manager (Y, X) :-e mpl oy ee( X,Y ).
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Example of Complete Inversion

fat her( X,Y) :-pa rent (X,Y ),ge nder (X,m ).

mother( X,Y) :-pa rent (X,Y ),ge nder (X,f ).

par ent( X,Y) :-fa ther (X,Y ).

par ent( X,Y) :-mo ther (X,Y ).

gender( X,m) :-fa ther (X,Y ).

gender( X,f) :-mo ther (X,Y ).
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Examples of Semi-complete Inversion

gra ndpa rent (X,Z ) :- par ent( X,Y) , pa rent (Y,Z ).

par ent( X,f( X,Z) ) :- gra ndpa rent (X,Z ).
par ent( f(X, Z),Z ) :- gra ndpa rent (X,Z ).

par ent( X,Y) :- fath er(X ,Y).
par ent( X,Y) :- moth er(X ,Y).

fat her( X,Y) | m othe r(X, Y) : - pa rent (X,Y ).

Existential Variables

Disjunction
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Disjunctive Source Description

Sources (non-Recursive Datalog):

    s1( X,Y) : - vir gin (X ,Y) , m aj or( X), majo r(Y ).

    s2( X,Y) : - uni ted (X ,Y) , m aj or( X), majo r(Y ).

    s3( X,Y) : - vir gin (X ,Y) .
    s3( X,Y) : - uni ted (X ,Y) .

Query:
    query( ) : - vir gin (X ,Y) ,un it ed( Y,Z ).

Partial Query Plans (infinitely many):
    query( ) : - s1( X,Y), s2( Y,Z ).
    query( ) : - s1( X’, X) ,s3 (X, Y) ,s2 (Y, Z) .
    query( ) : - s1( X’’ ,X ’), s3( X’ ,X) ,s3 (X ,Y) ,s2 (Y ,Z) .
            . ..
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Query Plans
After Inversion:

    query( ) : - vir gin (X ,Y) ,un it ed( Y,Z )
    ~vi rgi n(X ,Y ) : - ~ query (), unite d(Y ,Z )
    ~unite d(Y ,Z ) : - ~ query (), vi rgi n(X ,Y )

    vir gin (X, Y) :- s1 (X ,Y)
    vir gin (X, Y) :- s3 (X ,Y) ,~u ni ted (X, Y)

    uni ted (X, Y) :- s2 (X ,Y)
    uni ted (X, Y) :- s3 (X ,Y) ,~v ir gin (X, Y)

After Simplification (recursive Datalog):
    query( ) : - vir gin (X ,Y) ,un it ed( Y,Z )

    vir gin (X, Y) :- s1 (X ,Y)
    vir gin (X, Y) :- vi rg in( X’, X) ,s3 (X, Y)

    uni ted (X, Y) :- s2 (X ,Y)
    uni ted (X, Y) :- s3 (X ,Y) ,un it ed( Y,Y ’)
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Complexity Results

                                                          User Query

                        conjunctive     disjunctive         recursive      fi rst-order

conjunctive          PTIME          PTIME            PTIME       undecidable

disjunctive            co-NP            co-NP              co-NP        undecidable

recursive               co-NP            co-NP          undecidable   undecidable

fi rst-order        undecidable    undecidable     undecidable   undecidable

Data complexity to decide whether a tuple is in the answer.
Table of results courtesy of Oliver Duschka [Ph.D. dissertation 1997].
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