End of Q uery O ptim ization

D ata Integration

M ay 24,2004

® Questions?

Agenda

e Finich lastbits of query optim ization
e D ata Integration : the last frontier

Q uery Execution Plans

SELECT S.sname
FROM Purchase P, Person Q

Q.city="seattle’ AND
Q.phone > ‘5430000

WHERE P.buyer=Q.name AND

buyer

City-seattie”/\ phones'5430000"

=
Quer Pln: Buyer-name (Sinple Nested Loops)
e logical tree N
¢ in plem entation Pumchase Pewon
Cho:ioe atewv (rable scan) (hdex scan)
node Som e opertors are from rehtonal
o scheduling of aljebra, and others e g., scan, gmoup)
operations awe not.

W e’'ve Seen So Far

® Transform ation miles
® The costm odule:
- G iven a candidate plan : w hat is its expected

costand size of the result?

e Now : putting itall together.

Plans forSingle-R elation Q ueries

Prep forJoin ordering)
e Task: create a query execution plan fora single
Selectproectgroup-by block.
e K ey idea: considereach possible accesspath to
the relevant tuples of the relation . Choose the

cheapestone.

¢ The different operations are essentially carried out

together e g., ifan index isused fora selection,
proection isdone foreach retrieved tuple, and the
resulting tuples are pipelined nto the aggregate

com putation) .




SELECT S.sid

Example FROM Sailors S . . . .
D eterm nng Jom O derng

WHERE S.rating=8

e Tfwehave an Ihdex on rating:

- (ANKeys@D) *NTuplesR)= (1/10) * 40000 tuples retreved..

- Clustered ndex: 0 NKeys(D) * N Pages(D+NPagesR)) = (L/10) * (50+500) e R1IXI R2 P .. .P<IRn
pagesare retrieved (= 55). e Join tree:

- Unclstered index: Q NKeys(D) * N Pages(D+NTuplesR)) = 1/10) * B
(50+40000) pages are retrieved. / \
>

e Tfwehave an ndex on sid:
— W ould have to retrieve all tuplespages. W ith a clustered index, the cost is >
50+500. / \ / \
e Doing a fik scan:w e retrieve all fik pages (500). R3 R1 R2 R4
e A join tree presentsaplkn.An optin izerneeds to nspect
many @117?) join trees

Typesof Join Trees Typesof Join Trees
e Leftdeep: e Bushy:
> >
/N N
> <] B
N
AN /N / N\
> RS R3 D> R2 R4
o /N
R3 R1 . rs
Typesof Join Trees Problem
e Rightdeep: e Given:aquery R1<I R2< ... X Rn
/N\N e A ssum e w e have a fnction cost() thatgives
/ AN us the costof every join tree
R3 >
e Find the best pin tree forthe query

AN
>
RS / \
R2 R4

R1




Jon O dering by D ynam ic
Programm ing

® Tea: oreach subsetof {R1,... ,Rn}, compute the best
pkn forthatsubset

* T increasing oxderof setcardnality :
- Stepl:Por{rR1},{R2},.. ,{Rn}
- Step2:fr{R1R2},{R1R3},.. ,{Rn1,Rn}

- Stepn:for{R1,.. ,Rn}
® A subsetof {R1,.. ,Rn} isalwo calkd a subquery

D ynam ic Programm Ing: step 1

e Step 1:Foreach {R1} do:
- Size((R1i}) =B RI)
-Pen({Ri}) =Ri
- Cost({R4}) = (costof scanning R i)

D ynam ic Programm Ing: step 1i:

e Step i:ForeachQ . {R1,.. ,Rn}of
cardinality ido:
- Compute Size@Q)
- Forevery pairof subqueriesQ /,Q **
stQ=Q'UQ"
compute costPlanQ /) P<I PlanQ ')
— CostQ) = the am allest such cost

- Pln Q) = the conesponding plan

A few practical considerations

e Heuristics for reducing the search space
— Restrictto keft lineartrees
— Restrictto trees “w ithout cartesian product”
e Needm ore than justone plan foreach subquery:
- “hteresting orders” : save a singke pln forevery
possibl ordering of the result.
- W hy?

Query O ptim ization Summ ary

e Create Initial haive) query execution plan.

® Apply transform ation mles:

- T1y t© un-nestblocks

— M ove predicates and grouping Operators.
e Considereach block atatime:

- D eterm Ine join oxder

- Push selections, projections if possible.

D ata Integration




W hatisD ata Integration

® Providing
— Uniform (sam e query interface o all sources)
- Access o (Queres; eventually updates too)
-Muldple Wwewantmany,but2 ishard too)
— Autonom ous OBA doesn’treportto you)
— Heterogeneous (data m odels are different)
- Structured (orat least sem i-stuctured)
— Data Sources otonly databases) .

The Problem : D ata Integration
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Uniform query capability across autonom ous, heterogeneous
data sourceson LAN ,W AN, or Ihtemet

M otivation (s)

¢ Enterprise data Itegration ; w éb-site construction .
* WWW :
— Com parison shoppig
— Porals integrating data from m ultple sources
- B2B, electronicm arketplaces
® Science and culure:
— M edicalgenetics: integrating genom ic data
— A strophysics:m onitoring events 1 the sky'.
— Environm ent: Puget Sound R egional SynthesisM odel
- Culure:unifom access to allculuraldatabases
produced by countries in Europe.

D iscussion
e W hy is ithard?

e How willwe solve it?

CurentSolutions

e M ostly ad-hoc program m Ing: create a
Soecial solution forevery case; pay
consultants a lotofm oney.

e D ata warehousing: load all the data
periodically nto a w arehouse.

- 6-18monthslead tine

— Separates operationalDBM S from decision
supportDBM S. (otonly a solution to data
Integration) .

- Perform ance isgood; data m ay notbe fresh.

— N eed to clean, scrub you data.

Dam W archouse A rchitecture

OLAP /D ecision support/
D ata cubes/datam iing

Rehtionaldatabase v arehouse)

D ata extraction \ D ata ckeaning/
program s \ scribbing
Data Data Data

source source source




The V rtual Ihtegration
A rchitecture

e Leave the data In the sources.
® W hen aquery comesin:
- D eterm Ine the relevant sources to the query

- Break down the query Ito sub-queries forthe
sources.

— G etthe answ ers from the sources, and com bine
them appropriately.
e Data is fiesh.
¢ Challenge: perfom ance.

V irtual Integration A rchitecture

———

M edBtor:| refom ubton engine[”

optin izer

W hich data
model? Execution engine atal

[vpper] [+ pper]

Data Data Daa
source source source

Sources can be: relational, hierarchical (M S), stucture files, w €b sites.

D ata Integration:
H igher-level A bstraction
Q<

Mediated Schema
Sem antic m appings

www biom ediatororg
Tarczy-H omoch,M ork|

Mediated Schema
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Query: Forthe m icro-amay experin ent I justran, w hatare the elated
nucleotide sequences and forw hatprotein do they code?

R egearch Projfcts

e Garlic (IBM ),

e mfom ation M anifold @T&T)

e Tsimm is, hfoM aster Stanford)

e The IntemetSoftbotR azor/Tukw ila UW )
e Hemes M aryland)

e DISCO ,Agom (NRTA, France)

e SIM S/Ariadne USC /IST)

e M any,many more!

Sem anticM appings

e D ifferences in:

. e A
- Names i schema N Books ‘Authors
: LTt ISBN
- Atrbutegrouping .- ISBN FirstName
Price ..k LastName
BooksA AN
ol s -
Title o+" S 4 BookCategories
Author =**** / ISBN
Publisher ., Category
ItemID .
ItemType s, -
SuggestedPrice v, N CDCategories
Categories N ASIN
Keywords 8 S Category
K cbs
. Album
Inventory ASIN Artists
., | Price ASIN
Database A “.DiscountPrice ArtistName
Studio GroupName.
— Coverage of databases

Tnventory Database B

- Granubrity and fom atof attrbutes




Issues forSem anticM appings

Fom alism form appings

Beyond D ata Integration

e M ediated schem a is a bottleneck for large-
scale data sharing

a >
TN
OO O OO

e Tr'shard to create, m aintain, and agree
upon.

PeerD ata M anagem entSystEm s
Piazza: [Tatarnov, H ., Ives, Suciu, M ork]
e M appings

specified locally - Q3
e Maptomost /CiteSeer
convenient Stanford
nodes QL . —_— - ~Q4
® Queries
answ ered by - —Q5

traversing DBLP
[ o [ N

Q" usc Toronto Q2 Waterloo

PDM S-Related Projects

e Hyperion (Toronto)

® Pec’D B (Sihgapore)

e Localrelationalm odels (Trento)

e Edutella H annover, G erm any)

® Sem antic G ossiping EPFL Zurich)
e Racooon (UC Trvine)

e O rchestra (Fves, U . Penn)

A Few Comm entsaboutComm erce

e Untls yearsago:
- Data integration = D ata w arehousing .
e Sincethen:
- A wave of sartups:
* Ninble,M etaM atrix, Calixa, Com posite, Enosys
- Bigguysm ade announcem ents (BM ,BEA).
- Delay] B ig quys eleased products.
® Success: analysts have new buzzw ord - EIT
- New addition to acronym soup fwith EAT.
e Lessons:
— Perfom ance w as fine.N eed m anagem ent tools.

D ata ntegration : B efore
Q<

Mediated Schema

VAR
e o s e




D ata Integration: A fter

5 Sotwar
en | [ [ e [ e | o
[ NMBLE® APE ]
N in bl htegmaton Enghe™
s =5 ng Metdata
Layer
Cache ‘ Compikr ‘ Executor Sewer

oLV r—_—_??#‘ix}\ ___________ — ‘

Rehtbnal Dam W awhouse/ Legacy FRCFIe W eb Pages
x

Sound BusinessM odels

Baterprise hbmatbn e Explosion of ntranetand extranet
Infom ation
e 80% ofcorpomte nform ation is
unm anaged
e By2004 30X mor enterprise data
than 1999
® The average com pany:
- mahtans49 distinctenterprise
agpplications
— spends35% oftoal IT budget
on integration-related efforts

Sound BusmhessM odels

Enteprise hbmatbn * Explosion of intranetand extranet
nform ation
e 80% of corporate Inform ation is
unm anaged
e By 2004 30X moreenterprise data than
1999
® The average company:
- maintains 49 distinctenterprise
applications
- spends35% of to@mlIT budgeton
Integration-related efforts

o 203 2005
O

D in ensions to Consider

e How m any sources are w e accessing?

e How autonom ous are they?

® M eta-data about sources?

e Is the data souctured?

® Queries oralso updates?

e Requirem ents: accuracy, com pleteness,
perform ance, handling nconsistencies.

® Closed w orld assum ption vs. open w ordd?

Outlhne

® W mppers

® Sam antic Integration and source descriptions:
— M odeling source com plkteness
— M odeling source capabilites

® Query optin ization

® Query execution

® Peerdatam anagem entsystem s

e Creating schem am appgs

W rapper Program s
e Tadk: to comm unicate w ith the data sources
and do form at translations.
e They are builtw xt. a specific source.

e They can siteitherat the source oratthe
m ediator.

e O ften hard to build (very little science).
e Can be “ntelligent” : perform source-




Transfom :

nto:

Example

<b> htroducton DB < b>
<i> PhilBemstein < />

<I> EricN ew com er< /i>
Addison W eslkey, 1999

<book>

<ttles ntroduction to DB < Atle>
<author> PhilBemsten < Authors
<author> EricN ew com er< Author>
<publisher> Addison W esky < publishers
<year> 1999 < fear-

< ook >

D ata Source Catalog

e Contains allm eta-inform ation about the
sources:
- Logical source contents (books, new cars).
— Source capabilitdes (can answ er SQ L queries)
— Source com pleteness has allbooks) .
- Physical properties of source and netw ork .
- Statstics aboutthe data (ke man RDBM S)
— Source reliability
— M Inorsources

— Update frequency .

ContentD escriptions

e U serqueries referto the mediated schema.

e Data is stored In the sources in a Iocal
schema.

e Contentdescriptions provide the sem antic
m appings betw een the different schem as.

e D ata Integration system uses the
descriptions to translate userqueries nto
queries on the sources.

D esiderata from Source
D escriptions

e Expressive pow er: distnguish betw een
sources w ith closely related data. H ence, be
able to prune access to Inelevant sources.

e Easy addition:m ake fteasy to add new data
sources.

e Reform ulation : be able to reform ulate a user
query into a query on the sources efficiently
and effectively .

R eform ulation Problem

e Given:
- A query Q posed overthe m ediated schem a
- D escriptions of the data sources
e F'ind:
- A query Q ' overthe data source relations, such
that:
® Q' providesonly correctanswersto Q , and

* Q' providesallpossiblk answ ers fiom t© Q given
the sources.

Languages forSchem aM apping
Q<

Mediated Schema

o Yo BN
R R R




G Iobal-asV iew

M ediated schem a:
M ovie (title, dir, year, gente),
Schedule cihem a, title, tim e) .
CreateView M oveAS
skect* fom S1  [S1 (Hte diryeargente)]

union

select * from S2 [S2 (Hte, diryeargente)]

unin 153 (dtle din), S4 (Htle yeargenre)]
select S3 Htk, S3 dir, 54 year, S4 gene

from S3,S4

w here S3 title=54 ttle

G Iobal-asV iew :Exam ple 2

M ediated schem a:
M ovie (ttle, dir, year, gente),
Schedule cinem a, title, tin €) .

CreateView M ovieAS [S1 (Htlediryear)]
selkecttitle, dir, year, NULL

from S1

unin [S2 (dtle, dirgente)]
select title, dir, NULL, genre

from S2

G IobalasV iew :Example 3

M ediated schem a:
M ovie (title, dir, year, genre),
Scheduke (chhem a, ttle, tin e) .
Source S4: S4 (chem a, gene)
Create View M ovieAS
selectNULL,NULL,NULL, genre
fiom S4
Create View SchedukeAS
selectcinem a, NULL,NULL
from S4.
Butwhatifwe wantto find which cihem asare playing com edies?

G Iobal-asV iew Summ ary

e Query reform ulation boils down to view
unfolding.

® V ery easy conceptually.

e Can build hierarchies of m ediated schem as.

® Y ou som etim es Joose nform ation. N ot
alw aysnatural.

e A dding sources ishard. N eed to considerall
other sources that are available.

LocalasView LAV)
R1fyn) =Bock,y, z,8),Author,n), t< 1970
R5 X}y) :-Book x;y,”Hum or”)

Book: ISBN, Title, Genre, Year
Author: ISBN, Name

Books before 1970 Humor !ooks

Q uery R eform ulation
Query: Find authors of humor books

. Book: ISBN, Title, Genre, Year
Plan: . Author: ISBN, Name
R1 Join RS

Books before 197'

Humor books




Query R eform ulation
Find authors of humor books before 1960

. Book: ISBN, Title, Genre, Year
Plan: Author: ISBN, Name
Can't do itl

(sub’rleysomﬂ//
ISB! [(1’ B \I

le, Name ISBN;, Title

Local-asV iew :example 1

M ediated schem a:
M ovie (ttle, dir, year, gente),
Schedule cinem a, title, tin €) .
Create Source S1AS
select* from M ovie
Create Source S3AS  [83 (Htle, din)]
sekecttitle, dirfrom M ovie
Create Source S5AS
select title, dir, year
from M ovie
where year> 1960 AND genre="Com edy”

Local-asV iew :Example 2

M ediated schem a:
M ovie (title, dir, year, genre),
Scheduke (chhem a, ttle, tin e) .
Source S4: S4 (chem a, gene)
Create Source S4
selectcinem a, genre
firom M oviem ,Scheduke s
wherem ttle=sttle

Now ifwewantto find which chemasare playing com edies,
there ishope!

Local-asV iew Summ ary

e Very flexdble.Y ou have the pow erof the
entire query language to define the contents
of the source.

e Hence, can easily distinguish betw een
contents of closely related sources.

® A dding sources is easy: they’re Independent
of each other.

e Query reform ulation : answ ering queries
using view s!

The G eneral Problem

e Givena setofviewsV1,. Vn,andaquery
Q,canwe answerQ using only the answ ers to
V1,. ¥Vn?

e M any, m any papers on this problem .

® The bestperform ing algorithm : TheM niCon
A gorithm , Pottingeré& Levy, 2000).

e Greatsurvey on the topic: Halevy,2001).

Local Com pleteness nform ation

o Tf sources are noom plete, w e need to look
ateach one of them .

e O fien, sources are Jocally complete.

e M ovie (ttle, director, year) com plete for
years after1960, or forA m erican directors.

® Question: given a setof local com pleteness
satem ents, isa query Q ‘ a com plete answ er
Q-

10



Example
e M ovie(ttle, director, year) (com plete after
1960).
e Show (ttle, theater, city, hour)
e Query: find m ovies @nd directors) playing
n Seattle:
Selectm ttle, m director
From M oviem ,Show s
W herem ttle=sttle AND city="Seattle”
e Complte ornot?

Exam ple #2

e M ovie (ttle, director, year), O scar(ttle, year)

e Query: find directors w hose m oviesw on
O scars after1965:

selectm director
from M oviem ,O scaro

wherem ttle=otitle AND m year=oyear
AND oyear> 1965.

e Complete ornot?

Query O ptim ization

e Very related to query reform ulation!
® G oalof the optim izer: find a physical plan
w ithm Inin al cost.
e K ey com ponents In optim ization:
— Search space of plans
- Search stategy
— Costm odel

O ptim ization In D istrdbuted
DBM S

¢ A distrbuted database 2-m nute tutorial) :
- D ata isdistrbuted overm ultiple nodes, but is unifom .
— Query execution can be disrbuted to sites.
— Comm unication costs are significant.
e Consequences foroptim ization :
— Optin izerneeds to decide bcality
— N eed to explbit independentparallelism .

— N eed operators that reduce com m unication costs (sam i~
Joins).

DDBM S vs.D ata Integration

e ThaDDBM S, data isdistrbuted overa set
of uniform sitesw ith precise mules.

e Th a data htegration context:
- D ata sourcesm ay provide only lim ited access

pattems to the data.

- D ata sourcesm ay have additional query
— Costof answ ering queries at sources unknow n.
- Statistics aboutdata unknow n.
- Transfer mtes unpredictable.

M odeling Source C apabilities

® N egative capabilities:
- A web site m ay require certamn Inputs (n an
HTM L fom).

- N eed to consider only valid query execution
phns.

e Positive capabilities:
- A sourcemay bean ODBC com pliantsystem .
- N ead to decide placem ent of operations
according to capabilites.
e Problem :how to describe and exploit
source capabilities.

11



Exam ple #1 : A coess Pattems
M ediated schem a relation : C ites fpaper , paper?)

Create Source S1 as
select *
fiom Cies
given paperl
Create Source S2 as
selectpaperl
from Cies

Query: selectpaperl fiom Ciesw here paper2="Halo0”

Exam ple #1 : Continued

Create Source S1 as
select *
from Cies
given paperl
Create Source S2 as
selectpaperl
fiom Cies
Selectpl
From S1,S2
W here S2 paperl=S1 paperl AND S1 paper2="Hal00"”

Exam ple #2 : A coess Pattems

Create Source S1 as

select*

fiom Cies

given paperl
Create Source S2 as

selectpaperD

from UW -Papers
Create Source S3 as

selectpaperD

from Aw ardPapers

given paperDD
Query: select* from Aw ardPapers

Exam ple #2 : Solutions

Can'tgo directly to S3 because ttrequiresa binding.
Cangoto S1,getUW papers, and check ifthey’'re in S3.

Cangoto S1,getUW papers, feed then Ito S2, and feed
the resuls nto S3.

e Cango to S1, feed results o S2, feed results nto S2
again, and then feed results nto S3.

e Strictly speaking, w e can’ta prioridecide w hen to stop.
e N eed recursive query processing.

H andling Positive Capabilites

e Characterizing positive capabilities:

— Schem a Independent (eg., can alw aysperform joins,
selections) .

— Schem a dependent: can on R and S, butnotT .

- G ven a queyy, tells you w hether it can be handled.

e Key issue:how do you search forplans?

e Garlic approach (IBM ):G iven a query, STAR
miles determ Ine w hich subqueries are executable
by the sources. Then proceed bottom -up as in
System R .

M atthing O bjects A cross Sources

e How do Iknow thatA .Hakvy in source 1 isthe sameas
A n Hakvy i source 2?

e Tf there are uniform keys across sources, no probkm .

e TIfnot:
— Dom ain specific solutions g.,m aybe ook atthe address, sm).

- Use Infom atjon retreval techniques (Cohen, 98) . Judge sim flarity
asyou would betw een docum ents.

- U se concordance tables. These are tim e-consum ing to build, but
you can then sell them forlotsofm oney.

12



O ptim ization and Execution

e Problam :
- Few and unrelisble statistics about the data.

- Unexpected (possibly bursty) netw ork transfer
mtes.

- G enerally, unpredictable environm ent.
e General solution: (esearch area)
— A daptive query processing.
- Thterleave optim ization and execution.A s you
getto know m ore aboutyourdata, you can
In prove yourplan.

Tukw ila D ata Integration System

data V
Optin Zzer Execution
Engine

= x Event
- I- o
Ly > — |- >
Refomuktor |— phn ° 3 b Handkr answer!
h I D o
souce m apphgs Fagn enter| [esuts Opentoms

¥

~
N ovelcom ponents:
- Eventhandler

— Optin izatdon-execution loop

D ouble Pipelined Join (Tukw i)

_ A=

Hash Join D ouble Pipelined H ash Join
8 Partially pipelined :no output
until nerread
8 Asymmetric (lnervs.outer) — 4 Outputsdata inm ediately
optin ization requires source

4 Symmetric— rmequires less
source know ledge to optin ize

Sem anticM appings

® Needm appings i every data Ve ~N
sharing architectne Books Authors
:Title ISBN
““““ ISBN FirstName
,,,,, Price . ..} LastName
BooksAndMysic*” /| ) Editioneere
Title v A 7
Athet T eaearee y 4 BockCategories
Publisher”
ItemID Gy
ItemType ‘v,
SuagesTeRefly N CDCategories
Categories Ny =
Keywords N e G
*| Album
ASIN 3
Artists
Inventory Price . ASIN
Database A ., | SiscountPrice ArtistName
g GroupName
“ - L/
e “Standardsare great, but there

are bomany Inventory Database B

W hy is tso Hard?
e Schem asnever fully capture their ntended
meaning:
- W eneed to Ieverage any additional inform ation we
may have.
e A hum an w illalw aysbe in the loop.
- Goalis to In prove designer’s productivity .
- Solution m ustbe extensible.
e Tw o cases forschem am atching::
- Find amap to a comm on m ediated schem a.
- Find a directm apping betw een tw o schem as.

TypicalM atching H euristics

o W ebuid am odel forevery elem entfrom m ultiple sources
of evidences in the schem as
— Schem a elem entnam es
* BooksAndCD st ategories ~ B ockCategories/C ategory
— D escriptions and docum entation
e Tem DD :unigue identifier fora book ora CD
e ISBN :unigue identifier forany book
- Data types, data Instances

o DateTine , Teger, In isolation,
o addesses have sin {lar form ats techniques are
- Schem a stucture incomplete or
¢ ATlbooks have sin flaratirbutes bl’ittle:

Need principled
combination.
Models consider only the two schemas.

13



U sing Past Experience

e M atching tasks are often repetitive
e Hum ans in prove over tin e atm atching.
— A matching system should Inprove too!

M ediated Schem a,

N

e () OO (O O (O
- Leams to recognize elem ents of m ediated schem a.
- Doan,Dom ingos,H .,ST3M 0D -01,M LJ-03]

e Dcan:2003 ACM D istinguished D issertation Award.

Exam ple:M atching R eal-E state Sources

M ediated schem a

address  price  agentphone  description
bcation  lisedprice phone  comments

Schem a of realestate com

Leamed hypotheses

bcation | listed-price]  phone | comments
realestate com M imi, FL | $250,000 | (05) 729 0831 | Fantastic house
—* Boston,MA| $110,000 | (617) 253 1429 | G reat Jocation

If“anastic” &
sgreat!
occur frequently
ndatavalies=>
description

hom escom

0

$550,000| (278) 345 7215 Beautifil yard
$320,000| (617) 335 2315| @ reatbeach

Leaming Source D escriptions

® W e leam a classifier foreach elem entof the
m ediated schem a.
* Training exam ples are provided by the
given m appings.
e M ulb-strategy leaming:
— Base Jeamers: nam e, instance, description
- Combine using stacking.
e Accuracy of 70-90% in experin ents.
e Leaming aboutthe m ediated schem a.

M ulb-Strategy Leaming

e Useasetofbase amers:

— Nam e leamer, N aive Bayes, W hirl, XM L leamer

And a setof recognizers:

— County nam e, zip code, phone num bers.

e Each base kamerproduces a prediction w eighted by
confidence score.

e Combine base lamersw ith am eta-leamer, using
stacking.

The SemanticW eb

® A web of stuctured data:

— The 5-yearold vision of Tin Bemersl.ee
e How does itrelate to data ntegration?
e How arew e golng to do it?

e W hy should we do it? Do we need a killer
app or is the sem antic w eb a killerapp?

The End
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