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The Integration Challenge

= Complex and heterogeneous environments
—Many different types of systems
—Many inter-related applications

= Escalating needs
—Variety, velocity, volume

= People are expensive
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Outline

> = (Clio: Basic Features of a Schema Mapping System

—  Schema Matching
—  Schema Mapping
—  Query Generation
— IBM Rational Data Architect Product

= MAUI: Advanced Features of a Schema Mapping System
—  Nested Mapping Model
—  Mapping-Based XML Transformation Engine
—  Schema Integration
—  Schema Evolution

= Clio2010: Mapping-Based Authoring of Data Flows
—  ETL: "Mapping «» ETL” Conversion
—  Web-Service Composition: Mapping for web-service data sources
—  Mashups: “Mapping - Mashup” Generation
—  Reuse: Mapping Polymorphism

= Conclusions and Future Directions
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Clio: A Schema Mapping System

‘Wants data from S
)., *Understands T
é ‘May not understand S

Target
schema T

1\
confor

User mapping

XML Schema
‘DTD

‘Relational

Source
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"conforms to

Mapping
Generation

_Logical 1 y mapping
(m'rtr'nal)

Xformation

Query
Generation

v

/‘J Low-level mapping \/\N
(SQL, SQL/XML, XQuery,

XSLT and Java code)

to"

Logical mappings can be used for both target materialization or query rewriting

E _Bv 3

3

IBM INFORMATION ON DEMAND 2007 Right.Now.




Major Features (and Challenges)

o x|
= Schemas can be arbitrarily  Fie patsbase Mappings Help
different E‘%|ﬁ||?ﬁ|4|h||qp|ﬂ;ﬁ||§|—E@|ﬁ|iﬁ.____
= Element correspondences | source | 45 Target P schema view | ' quer | ====e
. Source Schemas | Targek Schema I
—_ Human fnendly Eﬁ&ﬂense?ﬁ: Record . ;I Eﬁ Etis_ticsﬂﬁf SI-EII . :I
_ Automatic discovery E|---I_EI Set of (cormpany) = EII:"_:"E?I:EI:ISI?IES: Recor
E company: Record . E city [string)
H cid (ztHngl ———0 | L:_l Set of [organization) ™
] Support NeSted StructureS ..... E Chame I:stn'ngj\s %E Ergarrglizal:iun: Record
— Nested Relational Model I > @ oraid Guing
[]---g Set of (grant) \__" ----- B oname (sting
—_ i =B grant: Record = Set of (funding
NeSted ConStralntS . _ B cid (etring %E funding: Record
= Produce Correct Grouping - B g ering > B fid @ing
] ----- H amount (string———-_| ----- H proj (sthng)
= Preserve data meaning o B project Garing - E s;ﬂn;aﬁgj—.
Lo Fecy (stin
— Discover associations = £ Set of (inanda)
. =-EH financial: Record
— Use constraints & schema B Gidsting)
co B amount (string)
= Create New Target Values L B date g
= and ...
= =
File: Cleclipse'workspace'\Cliowldb.clio
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Generate Transformation Queries (XQuery)

<?xm version="1.0" encodi hg="UTF- 8" ?>
<statisticsDB>
<cityStatistics>
<cityl>,
di stinct (
FOR
$x0 I N $doc/ expenseDB/ grant,
$x1 | N $doc/ expenseDB/ conpany
VWHERE
$x1/cid/text() = $x0/cid/text()
RETURN

<or gani zati on>
<orgid> $x0O/cid/text() </orgid>
<oname>  $x1/cnane/text() </onane>,
di stinct (
FOR

$x0L1 I N $doc/ expenseDB/ gr ant,

$x1L1 | N $doc/ expenseDB/ conpany
VWHERE
$x1L1/ ci d/ t ext = $x0L1/cid/text() AND
$x1/ cnane/ t ext = $x1L1/cnane/text () AND
$x0/ cid/text() = $x0L1/cid/text()
URN

RET
<f undi ng>
<fid> "Sk35(", $x0L1/armount/text(), ", ", $x1L1l/cnane/text(), ", ", $xOLl/cid/text(), ")" </fid>
<proj > "Sk36(", $xO0L1/amount/text(), ", ", $x1Ll/cname/text(), ", ", $xOLl/cid/text(), ")" </proj>,
<ai d> "Sk32(", $x0L1/armount/text(), ", ", $x1L1l/cnane/text(), ", ", $xOL1l/cid/text(), ")" <lald>

</ fundi ng> )
</ or gani zation> ),
distinct (
FOR
$x0 I N $doc/ expenseDB/ gr ant,
$x1 | N $doc/ expenseDB/ conpany

RE
$x1/cid/text() = $x0/cid/text()
RETURN

<fi nanci al >
<ai d> "Sk32(", $x0/amount/text(), ", ", $x1l/cname/text(), ", ", $x0/cid/text(), ")" <laid>,
<anobunt>  $x0/ anmount/text() </ amount>

</financial >)

</cityStatistics>
</statisticsDB>
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Generate Transformation Scripts (XSLT)

<?xm version="1.0" encodi ng="UTF- 8" ?>
<xsl : styl esheet version="1.0" xnl ns:xsl="http://ww.w3. org/ 1999/ XSL/ Tr ansf or ni' >
<xsl : out put nethod="xm " version="1.0" encodi ng="UTF-8" indent="yes"/>
<xsl :tenplate natch="/">
<resul t>
<xsl:call-tenpl ate nanme="q0"/>
</result>
</ xsl:tenpl at e>
<xsl:tenpl at e nane="q0">
<xsl : el ement nane="statisticsDB">
<xsl:attribute nanme="isRoot">true</xsl:attribute>
<xsl :el enent nane="CioSet">
<xsl:attribute name="id">Sk_statisticsDB()</xsl:attribute>
</ xsl : el enent >
</ xsl : el ement >
<xsl : for-each sel ect ="/ expenseDB/ grant"> <xsl :vari abl e nane="x0" select="."/>
<xsl : for-each sel ect ="/ expenseDB/ conpany" > <xsl :vari abl e nane="x1" select="."/>
<xsl:if test="$x1/cid=$x0/cid">
<xsl : el enent nane="cityStatistics">
<xsl:attribute nane="inSet">Sk_statisticsDB()</xsl:attribute>
<xsl : el enent name="city"/>
<xsl : el enent name="d i oSet" >
<xsl:attribute name="id">Sk_statisticsDB 0_1(Sk_statisticsDB())</xsl:attribute>
</ xsl : el enent >
<xsl : el enent name="d i oSet">
<xsl:attribute name="id">Sk_statisticsDB 0_2(Sk_statisticsDB())</xsl:attribute>
</ xsl : el enent >
</ xsl : el enent >
<xsl : el ement nane="organi zation">
<xsl:attribute name="inSet">Sk_statisticsDB 0 1(Sk_statisticsDB())</xsl:attribute>
<xsl : el ement name="orgi d"><xsl : val ue-of sel ect="$x0/ci d"/></xsl : el enent >
<xsl : el enent nane="onane" ><xsl : val ue- of sel ect ="$x1/ cnane"/ ></ xsl : el enent >
<xsl : el enent nanme="d i oSet" >
<xsl:attribute nane="id">Sk_statisticsDB 0_1 0_2(<xsl:value-of select="$x0/cid"/>,
<xsl :val ue- of sel ect ="$x1/cnane"/ >,
Sk_statisticsDB 0_1(Sk_statisticsDB()))
</xsl:attribute>
</ xsl : el enent >
</ xsl : el enent >
<xsl : el ement nane="fundi ng">
<xsl:attribute nane="inSet">Sk_statisticsDB 0_1 0 2(<xsl:value-of select="$x0/cid"/>,
<xsl : val ue- of sel ect ="$x1/cnane"/ >,
Sk_statisticsDB 0 _1(Sk_statisticsDB()))
</xsl:attribute>
<xsl : el ement nane="fid">
Sk35( <xsl : val ue-of sel ect ="$x0/ amount "/ >, <xsl :val ue-of sel ect="$x1/cnanme"/ >,
<xsl : val ue- of sel ect="$x0/cid"/>)
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(Flat) Mapping Generation

/ Schema Correspondences

Source Target
schema S schema T
Mappings R

Source Concepts
(relational views)

Target Concepts
(relational views)

Step 1. Extraction of “"concepts” (in each schema).
- Concept = one category of data that can exist in the schema

= Step 2. Mapping generation
- Enumerate all non-redundant maps between pairs of concepts
» [Popa, Velegrakis, Miller, Hernandez, Fagin. VLDBO2]
» [Fagin, Kolatios, Miller, Popa. ICDT 03]
» [Haas, Hernandez, Ho, Popa, Roth. SIGMOD 05]

L3748
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(Flat) Mapping Example

dept: Set |
dname
. . budget
= m; maps proj to dept-projects proj: emps. Set |
Jename
m,: The concept of " |sdlary
¥ (p, in proj) e " workson: Set [
3(d in dept) 3(p in d.projects) P pid {----
Po-dname = d.dname ] ]
A Po-PName = p.pname ] projects: Set [
Mo . Bln%m(; _______
V(P in proj) V(e, in po.emps) ]
3(d in dept) 3(p in d.projects) ]
(e in d.emps) 3(w in e.worksOn)
w.pid = p.pid
A Po-dname = d.dname
7 Po-Pname = p.pname = m, maps proj-emps to
N SoeTame — ename dept-emps-worksOn-projects
expression for A €p-salary = e.salary ep P proJ
\?vzf‘;;g:\?s— ~LThe concept of
. “project of an
projects employee of a
department”

= Two 'basic’ mappings (or source-to-target tgds or GLAV formulas)

E . A% 3
=1 o "‘3
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IBM Rational Data Architect Product

"= Data - NewMapping1.msl - Eclipse Platform 5=
File Edit Mavigate GSearch Project Data Sample Rum Window Help
T EH g TR Gy i, e e i e s =l P & | [ Data | [t Resource
%5 DataProject Bxpl... 52 T O[3 AMALGAM.dom | %] SAMPLE.dbm |4 *NewMappinglmsl i3 . NewMapping4.msl | 4 *MewMapping.ms | 7t =
[=| <ﬁ===> ~ || source +F - Mappings SHiTh Target =
(=] [25 TestRDA EEE AMALGAM, dbm ”~ (@ key : xsistring |1|
C‘ 11,'? Mapungs =) ?}E 51 N sequence
; ﬁ NewMapping. msl CI l [ ARTICLE D (8] artide [0,%]

& MewMappingl.msl
h-;!';' MewMapping2.msl
ﬁ; MNewMapping4.msl
# MNewMappings.msl
zg;g MNewMappings.msl
i ﬁg MNewMapping?.msl
El 1“_,[5' XML Schemas

I:I C,?. Data Diagrams
EIET] Data Models

El[:l Other Files

{9 5QL Seripts

E)uﬁir‘le (34 Databas. .. 33‘\\-\__':' 0
BHE e dd”

2] [;1 Connections

o

ARTICLEID [CHAR{35) PK]
TITLE [CHAR(254) Nullable]

YEAR [INTEGER Nullable]

MONTH [CHAR (8] Nullable]
PAGES [CHAR{12) Nullable]
YOL [INTEGER Mullable]
UM [INTEGER. Mullable]
LOE [CHAR{150) Mullable]

CLASS [CHAR(150) Mullable]
MOTE [CHAR{254) Nullable]

mmmmmmmmmmmfﬂ

D E ARTICLEPUBLISHED

i #  ALTHID [INTEGER PK FK]
= I 2 AUTHOR

- Q"g AUTHID [INTEGER. PK]

. B NAME [CHAR(B0)]

B I FH BOOK

48 BOOKID [CHAR(35) PK]
IIII

- ARTICLEID [CHAR{3S) PK FK]

JOURMAL [CHAR(150) Nullable]

ANNOTE [VARCHAR{2800) Mullabh

¥
B

--(@ key : xs:string

* sequence

FE] author : xs: string [0,%]

] title : xs: string

; E] pages : xsistring

%I_—I cdrom : xs:string [0, 1]

7] month : xs:string [0,1]

E“l_—l year xs:5iring

& volume ;.

~[8] journal : xs:string

l@ number : xs:string
] url s xs: string [0,1]

D [E] book [0,7]

P @ key : xs:string

| [#-e== gaquence

EIIE mastersthesis [0,%]

- @ key : xs:string

| Emes gequence

= [8] phdthesis [0,7]

i @ key : xsistring

=== sequence

E Properties Sé--\\ﬁTasks | Problans| Error Log | Madel F‘.eport| Data Dutput| Eookrnarks|

| Mapping
Documentation
Sources:
Annotation
Discover Relationships
Targets:

|
i +¢ <Discovered Mapping>

| Locah'_on Data type

| JAMALGAM/S 1/ARTICLE/NOL INTEGER

l[{] i

i Location Data type [
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IBM Rational Data Architect Product

= Schema Matching, Schema Mapping and Query Generation Technologies
from Clio
= Value Correspondences in the GUI
— Blue Lines: Confirmed by the users
— Gray Lines: Suggested by the schema matching algorithms

= Schema Matching

— Five different algorithms: two name-based (including thesaurus lookup) and three
instance-based

— Users can choose
* Any weighted combination of the 5 schema matching algorithms

» Source or target
* One element (element/attribute or column) or a group of elements (subtree or table)

* The value k (for the top-k matches)
— The system returns the top-k matches for each element

= Current Release
— Source is relational (other IBM products support XML sources)
— Target can be relational (generates SQL) or XML (generates SQL/XML)

— Mapping is standardized within IBM, as an EMF in-memory object and as a
serialized XML document

10
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Outline

= Clio: Basic Features of a Schema Mapping System
= MAUI: Advanced Features of a Schema Mapping
System

B> — Nested Mapping Model
[Fuxman, Hernandez, Ho, Miller, Papotti, Popa. VLDB 006]

— Mapping-Based XML Transformation Engine
— Schema Integration
— Schema Evolution

= Clio2010: Mapping-Based Authoring of Data Flows
= Conclusions and Future Directions

11
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New Nested-Mapping Engine for Clio

= Existing Clio engine is based on a flat mapping model
— Pros: easier to implement

— Cons:
. Fragmentation into many overlapping mappings
. Inefficiency in execution
. Redundancy in the output data
. No user-defined grouping semantics

= New Clio engine is based on a nested-mapping model
— Cons: more challenging to design and implement

— Pros: overcomes the above problems in the flat
mapping model

12
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(Flat) Mapping Example

dept: Set |
dname
. . budget
= m; maps proj to dept-projects proj: emps. Set |
Jename
m,: The concept of " |sdlary
¥ (p, in proj) e " workson: Set [
3(d in dept) 3(p in d.projects) P pid {----
Po-dname = d.dname ] ]
A Po-PName = p.pname ] projects: Set [
Mo . Bln%m(; _______
V(P in proj) V(e, in po.emps) ]
3(d in dept) 3(p in d.projects) ]
(e in d.emps) 3(w in e.worksOn)
w.pid = p.pid
A Po-dname = d.dname
7 Po-Pname = p.pname = m, maps proj-emps to
N SoeTame — ename dept-emps-worksOn-projects
expression for A €p-salary = e.salary ep P proJ
\?vzf‘;;g:\?s— ~LThe concept of
. “project of an
projects employee of a
department”

= Two 'basic’ mappings (or source-to-target tgds or GLAV formulas)

E . A% 3
=1 o "‘3

13
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Correlating Mapping Formulas

m;: V(p, In proj)
3(d in dept) 3(p in d.projects)
po-dname = d.dname A p,.pname = p.pname

M, V(P in proj) V(e, in py.emps)

3(d in dept) 3(p in d.projects) (e in d.emps) I(w in e.worksOn)
w.pid=p.pid

A Po-dname = d.dname A p,.pname = p.pname

A €y.eNname = e.ename A e,.salary = e.salary

proj tuples
mapped only once

Submapping,

correlated to the lReplace with
parent mapping n: V(p, in proj)

3(d in dept) 3(p in d.projects)
po-dname = d.dname A p,.pname = p.pname
A [ [¥(eo In po.emps)

G)r' every proj tuple, 3(e in d.emps) 3(w in e.worksOn)
we map all employees w.pid=p.pid
as a group. A €y.eName = e.ename  e,.salary = e.salary

]

(Source grouping is
Q‘eser‘ved)

This is a nested mapping

14
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Performance

10000

—o— 1020 KB
000 || —m—514 KB . Execution time for flat:
—%—312KB 22m|n§ _
Execution time for

) // nested: 1.1s

1 2 3
Nesting Level

Flat query execution time /
Nested query execution time

IN

* Size of generated data (flat)

100.0
——2111KB —including duplicates: 45M B
3 8 —5—514 KB * Size of generated data
Zs —4—312KB ] (nested): 552K B
% i’ 10.0 /
. /
=¥
1.0 & ‘

N
N
w
N

Nesting Level

The nested mapping generates much more efficient execution and less
redundant data 15
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Outline

= Clio: Basic Features of a Schema Mapping System
= MAUI: Advanced Features of a Schema Mapping
System
— Nested Mapping Model

> - Mapping-Based XML Transformation Engine
[Jiang, Ho, Popa, Han. WWW 07]

— Schema Integration
— Schema Evolution

= Clio2010: Mapping-Based Authoring of Data Flows
= Conclusions and Future Directions

16
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Performance in Executing Mappings

Source _Logical _mapping__ Target
schema S T E‘*tW\Gl)_ - schema T

to”

"conforms to” Query ) "“confor
Generation

!

Low-level mapping
(SQL/XQuery/XSLT)

= Mappings are translated into general purpose query languages
— E.g., SQL, XQuery, XSLT

= Query optimization issues are left to the runtime engine of each
of these languages to decide

— i.e., Q.0. decisions are not encoded in the queries.
= |dea: Execute mappings directly in our own runtime.

17
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Mapping Execution Engine in Java

Source _L°9£0| _mapﬂng_ Target
schema S (internal) schema T

to”

" ” "
conforms to confor

Mapping
Execution
Engine

Motivation
— Grouping (on multiple levels) of transformed values.

— XQuery & XSLT have no specific constructs (hence algorithms) for such grouping
tasks

Scalability and efficiency

— Controllable memory resource usage

— Speed of transformation almost linear to input sizes
Mapping-based

— Model high-level mapping semantics using IBM Mapping Specification Language
(MSL) standard 18
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Three-Phase Algorithm for Executing Mappings

= Phase 1 (Extract): tuple extraction

— Streaming holistic twig join
» Streaming and stored/indexed XML

— SQL queries through ODBC

* Relational source

= Phase 2 (Transform):. generate an XML tree from
each tuple

= Phase 3 (Merge): data merging

— A dynamic, scalable merge algorithm
* Hash-based vs. sort-based algorithms

g - W
= SETIE 5

19
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XML-to-XML Comparative Results

2000

1800 |
S 1600 |
@ 1400 | —&— Galax
< 1200 | —=— Quip
g 1000 | —a— MonetXQ
o 8007 Saxon
é 000 —*— Ours
S 400 |
@ 200 | e

0 e ‘ ‘
02 045 09 18 4 72 34 70 106
Data sizes (MB)

20
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XML-to-XML Scalability Results

Our Engine

1200

Running time (second:

0 200 400 600 800 1000 1200
DBLP data sizes (MB)

21
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Outline

= Clio: Basic Features of a Schema Mapping System

= MAUI: Advanced Features of a Schema Mapping
System
— Nested Mapping Model
— Mapping-Based XML Transformation Engine

B> — Schema Integration
[Chiticariu, Hernandez, Popa, Kolaitis. VLDB 07 demo]

— Schema Evolution
= Clio2010: Mapping-Based Authoring of Data Flows
= Conclusions and Future Directions

22
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Schema Integration

Target
el
= Problem e
— Given multiple overlapping output 3hema Mappings
schemas in the same N T
domain, consolidate them e Il R I
into one. Schema Schema Schema

Applications

— Provide a standard representation of the data (for unified querying, data
warehousing, reference point, etc.)

— “Metadata chaos reduction”
= Schema integration is a hard problem

— Requires a lot of human interaction/feedback

— A series of “recipes” that arrive at a single integrated schema
= Related work

— [Pottinger, Bernstein. VLDB 03]

— [Chiticariu, Hernandez, Popa, Kolaitis. VLDB 07 demo]

E . A% 3
=1 o "‘3

23
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Schema Integration [Chiticariu et al.]

Schema Correspondences
User /- User

schema S, schemaS,
Integrated
schemal, 3

2 Fina

~ ‘ schemall

Integrated
> concepts e concepts

=  Step 1. Extraction of “concepts” from a hierarchy

w

Al
r A = Step 2. Consider all possible ways of performing a hierarchical
cheme deparment merge of the related concepts
eé“eggtynﬁee&fa o — Generate initial set of candidate “good” integrated schemas
gﬂggg 7 N dname — Duplication-free enumeration algorithm
A budget “project of : : : :
g;aml\\ /75};%316; d%)énmgm? * Avoids duplicates by using constraints (Horn clauses)
add : : : e
e » Polynomial-delay algorithm for enumerating satisfying
dname .
R —— assignments | |
sa CORETESET = Step 3. Browse/Search/Refine set of candidate schemas
address  department
pid — Combination of partial enumeration with user constraints

pname
— Based on the schemas seen so far, users express constraints
on the “future” schemas to be generated 24

= =% ‘=
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. 1
& Clio M= =1
Actions Integrated Schema
Source schemas | Target Schema AD [dept] BO [nrg] = lﬁ ﬁle:i_ntegratedXMLSChema_3_54
|':;---§ file:dept-grants-emps.xsd E'---'ﬁ file:org-funding-emps.usd | @ |ntegral:ef|“XML5chema_3 ot
[E src f=} = [E] tat i+ country oid = E‘* dED: fo. ]t-[m]E- i
[Ef dept [0.*] {m} = Ef org [0.*] {m} dname oname 0 COMIRTEY: (strin:
Bi R | e ; : dname (string)
[EL dnio (string) [EL oid (string) dna E ;
- Bk dname (sing) — 8 0 e [EL oname (string) B1 [address] % :;‘De:ttzntg:l 4
- [BE country (sting = E address [0,*] {=} Al [managei] extends B0 it ik
. @‘* né:nagerc[lur*] _[:,]_\\ % shreet (string) extends AD e r% zevn-('st[r;nEJ] 55
b migr_eid (string) city (string) - i country — ‘
gr_ei ; )
- [BE mgr_name (ztring) | \\-\_ﬁ [BE country (string) mar_name city : - Bk F"_'ncm.n (string)
- [EE level (string) | = [E emp [0#] ) level |functicn | - [ e (smngj_
o B emp[0*] b o Bk eid (sting) e HE - [Bk ename (sting)
H . ; : B2 [emp] [ < [BL salary (sting)
: ; [BE dno (string) . [k ename (string) & | Ename |
2 ¥ i 2 A2 [emp] 3 \ extends BO. | < [BE level (ztring)
H - [Bk =id (string) [EL salary (string) AN :salary | - *5 i
H - [BL ename (sting) [Ef phone [0,%] fm} e —— ::J::E level ! = E'* p [0 b )
: “ [EL FURCtion (string) [EL rumnbet (string) eLijgc e i s £ % tnumb(er _(5;;'”9:'
i Ef grant [0*] 4=} [Ek type Gating) S St
- ; [BE dno (string) = E fund [0,%] f . ; Ef QET [U'él*] {'_"]'
- [Bk amaunt (string) s [BL mgr_eid fstring) _ B4 [fund] e — Pl ':St"“'_;:'
sz [k pid (string) T T [E amount {sting) A3 [grant] extends B0 5:; o [BE o i)
Ef project [0.#] {m} [EL spansor izting) extends A0 A4 sponzar ehisiagy -+ [ER amount (S‘l"“gj
o [EE pid Gating) o [B pname Giing amount amouq; phame - [Ek pname (Sl"n_g,‘l
- [Ek pname (string)  ————| :rfe:;ni aponaot - Bk spansor (strfng)
[EE wear (string) rj‘; ch nt o ot Aq, [project] mar_eid E - [BL mar_eid fstring)
1 ema Integraton nstrain !
Always use: &2 [emp] - B2 [emp] year B3 -I_Pl‘lﬂl'lﬂl
Don't use: A2 [emp] - B4 [fund] pid extends B2
Don't use: A7 [manager] - B4 [fund] G number = :
_____ 2 1zt & 2nd Schemaz Target schema o0 MEI ek} m@ﬂ Q4 [v] "—'J_
B'ﬁ file:dept-grants-emps.xsd -~ B'ﬁ filesintegratedXMLSchema_3_545¢
= [ sre it = [g integratedXMLSchema_3 {~}
= EF dept [0.%] f+} = [ doa[0,*] 4t
[BL dno (sting) e [BL country (string) = countr = countr = counkry
[BL dname (sthing) o N, [BE dname (string) = oname = dname = dname
[BE country (string) — 1 [EE dnio ateing) = oid = dno =dno
Ef manager [0,*] {=} /_’b ----- [EE strest sting) = street
EE mogr_eid (sting) | A1 B [BL ity (string) = cik
[EL mgr_niame Cstring) = Ef eem [0.%] fmk
[EE level (string) s [E) Function (string) = function
= B emp [0%] f=b A %ﬁ: ----- [EL eid (string) |= mgr_eid | [zeid
- [&k dno (string) T = [B ename (sting) |= mar_name | [z ename
----- [EL eid (string) ——ﬂ"'ﬁfr-—"f_—_ - [k salary (sting) | |
..... [EL ename (string) 7,4 o [BL level (sting) = level
----- [Ek function (string) = B p 0] 4
= [ grank [0,%] fw} [EE number (string) | |
----- Bk dno (ztring) [EE type fstring) | |
----- [EL amount (zting) = Ef gfp [04] {mt
----- [BL pid (string) - [Bk pid (string)
= Ef project 0¥+ | || e [EL wear (string)
..... [k pid Catring) - [&k amount Cstring)
----- [EL prame (sting) - [Bk priame (string)
----- [BL year (ting) - [BE sponsor (steng)
Bﬁ filezorg-funding-emps.xsd ||  fe [BL rgr_eid (string)

= [g tgt it
- [EF org [0%] {
----- [BL cid (string)
----- [EL oname (sting)
= [Ef address [0,*] fwt
- [Ek strest (string)
[Ek city ftring) [ [( ] i >

&)




Outline

= Clio: Basic Features of a Schema Mapping System

= MAUI: Advanced Features of a Schema Mapping
System

— Nested Mapping Model
— Mapping-Based XML Transformation Engine
— Schema Integration
I - Schema Evolution
= Clio2010: Mapping-Based Authoring of Data Flows

= Conclusions and Future Directions
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Schema Evolution The

mapping

Target
Source AN Schema
Schema

T evolves
Diff. Script —
Given or discovered

Mapping
Composition

= When the target schema evolves, the system can generate an
initial default mapping for T — T' automatically

= The user adds “new mapping lines” for new schema elements in
T to complete the mapping M+ (for T — T')

= The new mapping Mg (S — T°) is @ composition of Mg (S —
T)and M (T > T')
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Schema Evolution

S evolves

Diff. Script —
Given or discovered

Mapping
Composition

= When the source schema evolves, the system can generate an
initial default mapping for S’ — S automatically

= The user adds “new mapping lines” for new schema elements in
S’ to complete the mapping Mg (for S™ — S)

= The new mapping Mg, (S" — T) is a composition of Mgg (S —
S)and Mg7 (S > T)
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Related Theory and Algorithms

- Mapplng Composition

Madhavan, Halevy. VLDB 03]

— [Fagin, Kolaitis, Popa, Tan. PODS 04]

— [Nash, Bernstein, Melnik. PODS 05]

— [Bernstein, Green, Melnik, Nash. VLDB 06]
Mapping Inversion

— [Fagin. PODS 06]

— [Fagin, Kolaitis, Popa, Tan. PODS 07]
Schema Evolution

— [Rahm, Bernstein. SIGMOD Rec. Dec 06]
Mapping Adaptation under Evolving Schemas
— [Velegrakis, Miller, Popa. VLDB 03]

— [Yu, Popa. VLDB 05]

Query rewrite

— [Yu, Popa. SIGMOD 04]
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Outline

= Clio: Basic Features of a Schema Mapping System

= MAUI: Advanced Features of a Schema Mapping
System

B> = (Clio2010: Mapping-Based Authoring of Data Flows

ETL: “Mapping < ETL” Conversion

Web-Service Composition: Mapping for web-service
data sources

Mashups: "Mapping — Mashup” Generation
Reuse: Mapping Polymorphism

= Conclusions and Future Directions
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Mapping-Based Authoring of Data Flows

= Motivation

— Schema mappings are the building blocks for larger data
transformation and integration applications

—The graph of mappings is a declarative specification of the
flow of data
« Similar to ETL & mashups
* Need to take functional (web-service) data sources

— Need to extend Clio where multiple mappings can be
defined, loaded (sharing a context), reused and managed

31
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Clio2010

= Clio2010

— Automatically assemble a graph of initial, uncorrelated mappings into
larger, richer mappings
— Support more complicated
* mapping composition and
* mapping merge
— Support functional data sources (e.g., web services)
— Compile the larger mappings into a global execution plan in
* Queries (XQuery)
* transformation scripts (XSLT)
 ETL flows (e.g., IBM WebSphere DataStage)
* mashups (e.g., IBM DAMIA)

— Support mapping reuse through mapping polymorphism framework

32
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Outline

= Clio: Basic Features of a Schema Mapping System

= MAUI: Advanced Features of a Schema Mapping
System
= Clio2010: Mapping-Based Authoring of Data Flows

B - LCTL: "Mapping < ETL" Conversion
[Hernandez et al. 07]

—  Web-Service Composition: Mapping for web-service
data sources

— Mashups: “Mapping — Mashup” Generation
— Reuse: Mapping Polymorphism
= Conclusions and Future Directions
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Orchid: "Mapping <+ ETL” Conversion

= Round-tripping between ETL (Extract, Transform, Load)
scripts and declarative mappings
— Generate ETL script from mappings
— Extract mapping information from ETL scripts
— Track and propagate mapping-related modifications

= QOptimization of ETL scripts
— Remove redundant operations

— Push computation to other runtimes
— “Rewrite” ETL scripts

Ell Mapping vin RDA | ETL Flow

Source . . Mmphg Det&- afget

= {8 fmwbank.dbm ~ StandardizedBankingInfo-PM.dbm
= B FIRSTMIDWESTBANKSCHEMA = STANDARDIZEDBANKINGINFO i
«EAR --csrocRczrrsanzz ! . d :
= B AR_CR_RSK_PRFL & CUSTOMER_ID [INTEGER Nulable FK] ﬁ Gt * G ’Z’ gl
& AR_ID [INTEGER PK FK] & MEASUREMENT_PERIOD_ID [INTEGER Nulsbl \ER_CREDIT_FISK_FROFLE  Transformer 3 Agaregator VIS3
2 EST_TP_ID [SMALLINT] —— & CREDIT_RISK_RATING_ID [INTEGER Nulzble T i
SRO_ID [SMALLINT] /
g MSR_PRD_ID [SMALLINT]

% EFF_DT [DATE] A
% AR_CR_RSK_CGY_ID [SMALLINT Nulable] i

7 INR_CR_RSK_RTG_ID [SMALLINT Nulable]- -~

2 EXT_CR_RSK_RTG_ID [SMALLINT Nulable]

5 RSK_WGHT_CGY_ID [SMALLINT Nulabe]

% TOT_CR_ESR_AMT [DECIMAL{14,2) Nulabie

% OFF_BSH_CR_ESR_AMT [DECIMAL(14,2) Nt

# AST_RWGHT [DECIMAL(S,2) Nulable]

7 STD_AST_RWGHT [DECIMAL(S,2) Nulable]

# RWGHT_EQV_DRC_ESR [DECIMAL(S,2) Nu

DSLin X !
: Join Agaregetor VIST0
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: : Funnel_12 CUSTOMER_CREDIT_RISK_PROFILE
] DSLinki? | i ! !
i DSLinkD18
moaem omet® SENENENEN
i sl B AR

5 RWGHT_FM_SRWHM [DECIMAL(S,2) Nulabke
2 CRQM_RWA_K [DECIMAL(14,2) Nulable]
7 USCRTZ_CRQM [nscum( ,2) Nulabie]
2 PDFT [DECIMAL(S,2) Nul

1 EAD [DECINAL(14,2) Ny Iable]

T U




Mapping = ETL Generation

l@ Data - FirstMidwestToStandard.msl - IBM Rational Software Development Platform
He Edit MNavigate Search Project Data Pubish Run Window Help

o~ *

& =] [1@ Data

S

i~ &

o

& J &= 'J ‘Ascenljanzard

=53

The developer

%5 Data Project Explorer &3 i Standardize...
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25| STDBANK.dbm fﬂ *FirstMidw... &2 . 2| fmwbank.dbm |S§D\agram—sta... |HTeIIerSche...

) NBBANK.dbm | O

L inspects the

=88 fmwbank.dbm

m Source ' ¥ Mapping ... Detals  Target e
0 fmwbank o &5 fmwbank.dbm Al 3w =% StandardizedBankingInfo-PM.dbm
=+ NBBANK.dbm =89 FIRSTMIDWESTBANKSCHEMA 7] =75 STANDARDIZEDBANKINGINFO
(] NBBANK & -E AR = CUSTOMER_CREDIT_RISK_PROFILE

-85 PhysicalModel.dbm
-£) standardizedBankingInfo-DM.dc
£ standardizedBankingInfo-Glossa
-£d] StandardizedBankingInfo-LM.\dn
= StandardizedBankingInfo
= Diagrams
" Diagram-StandardBanl
0 Accounting Unit
-0 Accounting Unit Balance
-0 Arrangement
O Credit Risk Rating
O Customer
-0 Customer Credit Risk Profl_|
O Measurement Period
-88 StandardizedBankingInfo-PM.db
% STDBANK.dbm
#-[J STDBANK
-4 Teller-Glossary.ndm
-£d) TellerSchema-LM.ldm
&) Tellerschema-PM.dbm

o ofA e

= AR_CR_RSK_PRFL

- AR_ID [INTEGER PK FK]

EST_TP_ID [SMALLINT]

SRO_ID [SMALLINT]

MSR_PRD_ID [SMALLINT]

EFF_DT [DATE]

AR_CR_RSK_CGY_ID [SMALLINT Nulable]
INR_CR_RSK_RTG_ID [SMALLINT Nulable]
EXT_CR_RSK_RTG_ID [SMALLINT Nulable]
RSK_WGHT_CGY_ID [SMALLINT Nulable]
TOT_CR_ESR_AMT [DECIMAL(14,2) Nulable
OFF_BSH_CR_ESR_AMT [DECIMAL(14,2) Nt
AST_RWGHT [DECIMAL(S,2) Nulable]
STD_AST_RWGHT [DECIMAL(5,2) Nulable]
RWGHT_EQV_DRC_ESR [DECIMAL(S,2) Nu
RWGHT_FM_SRWM [DECIMAL(S,2) Nulable’
CRQM_RWA_K [DECIMAL(14,2) Nulable]
USCRTZ_CRQM [DECIMAL(14,2) Nulable]
PDFT [DECIMAL(S,2) Nullable]

EAD [DECIMAL(14,2) Nulable]

; MENT_PERIOD_ID [INTEGER Nulabl
' & CREDIT_RISK_RATING_ID [INTEGER Nulable

=+

& E-- B

[E3REa)

Sebedt th oplions b we to genesists the scriph.

| Ascential Data Stage
El“ ‘Create CI5H seript and Dot Stage job

() ORI [l

connections
—  between the
sources, rules, and
data warehouse
model...

...and generates
a DataStage job

'il I } m [<_] ;m... E— 1 u
5= Outline 5 T, = O 2 properties 12 Tasks‘ Problems| Error Log| Model Report‘ Data Dutput| Bookmarks
[ Target: /STDBANK/STANDARDL » - Concel |
- - Manpin + <Mapping>
& Join: AR_ID = AR_ID pping
+ Mapping: CST_ID->CUSTOMER, Annotation -
B — R Locatio Data
B Source: /fmwbank/FIRSTMIC e ffocabankfF[RSTMIDWESTE\ANKSCHE | SMALtL:’Np; |
§ Target: /STDBANK/STANDAR miban
+ Mapping: MSR_PRD_ID->MEAS
£ Source: /fmwbank/FIRSTMIC Targets: e | Data type
E Target: /STDBANK/STANDAR /STDBANK/STANDARDIZEDBANKINGL. INTEGER
Mapping: INR_CR_RSK_RTG_IC
. v
— B_Source: fimbank/FRSTML Trans..tion: |BVG (INR_CR RSK_RTG ID) il

to move data
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ETL - Mapping Abstraction

The developer refines,
tests and deploys the
DataStage job to
production.

Need ETL - Mapping:

*To reflect changes
made in the ETL script
back in the mapping.

*To extract mappings
out of ETL scripts.

L3748

‘7& DataStage Designer - localhost\RDA

ASCBHHE{ DataSt

1ge Designe -

Hle Edit View Diagram Tools Window Help
D-FE@ B saelo- me2r [rlaavieaalder

Repository (filtered)

=Tk

= 3 Jobs
& ACCOUNTING_UNIT

% ARRANGEMENT
5 CREDIT_RISK_FATING
-5 CUSTOMER

5 swpont

- rda?ds_sequence
§ rofa2ds_uniond

& rda2ds_unionl
& rda2ds_union2

% rda?ds_uniond
-5 rda2ds_uniond
ﬁ rofa2ds_unions

% rda2ds_unionf
[]--@ Shared Containers
[l Table Definiions

P ——

B ACCOUNTING_UNIT_BALAM

% CUSTOMER_CREDIT_RISK_f

2 MEASUREMENT_FERIOD

= Sequence - rdaZds_sequence - E| X

. CUSTOMER_CREDIT_|

Falette

General

[Al Annotation
Database

Dewvelopment/Debug

File
Fracessing : [_]
Fieal Time < l} [Ll
Festructure M 4 ‘ }l M ’\expuﬂ/ ﬂ
Fawarites
Ready Crr




Outline

= Clio: Basic Features of a Schema Mapping System

= MAUI: Advanced Features of a Schema Mapping
System

= Clio2010: Mapping-Based Authoring of Data Flows
— ETL: "Mapping < ETL" Conversion

> - \Veb-Service Composition: Mappings for web-service
data sources
[Alexe et al. 07]

— Mashups: “Mapping — Mashup” Generation
— Reuse: Mapping Polymorphism
= Conclusions and Future Directions
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Flows of Mappings Target

Source 1
Ms

Source 2
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Functional Data Sources

Web Service

Definition Argument Type

/

Result Type

Source

=8 @ file: IEMHoLElSZ  wsdl
(= |;e:|? tns:getIBMHokels
=i

=1+ B hotellnfo [1,*]
[=]-fave}

— [EE state (xsistring)

I —— [EE city (xsistring)

O—= [EE hotel (xsistring)
-~ El- B rating [1,%]
- [EF hotellnfo [0,*] (tnsthatelInfoType B- -[“']'
El----[---} o——= - [Bf ratingvalue (xs:faat)
- ----- [EE hotel (xsstrin — e E,: review [1,%] (sisting)

- ----- [EE ge0 (xsistring)
b [B) country Cesistring)
o [ER airport (xsistring)

- [5] file:HotelReviews. wsdl
= [Ef tnsz:getHotelReviews
=]}
=8 |§| tns2:getHokelReviewsRequest
SR
> ------ [EL hotel (xs:ztring)
e [Bk city Crsisting)
- [EL state (xz:=tring)
=8 |§| tns2:getHokelReviewsResponse
[=]- ek
= B hotelInfa [0,%] (ns2:hotelInfoPyp
Bt

fo [BE image (xsistring)
- [EL rooms (xz:int)
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Outline

= Clio: Basic Features of a Schema Mapping System

= MAUI: Advanced Features of a Schema Mapping
System

= Clio2010: Mapping-Based Authoring of Data Flows
— ETL: "Mapping < ETL" Conversion

—  Web-Service Composition: Mapping for web-service
data sources

> - Mashups: “Mapping — Mashup” Generation
[Camacho et al. 07]

— Reuse: Mapping Polymorphism
= Conclusions and Future Directions
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IBM DAMIA: A Mashup Tool

} IBM DAMIA - weather - Mozilla Firefox

- IBM DAMIA Fle Edit View History Bookmarks Tools Help

— Produces easily ssiices N operato ) )

Customizable fIOWS |: @Augmem: |: jﬁ} Herge; |: @9 Filter J |: Gf; Snrl; I: @j]) Grnup; L_(!} Uniun; I: @ Trﬂnsfnrm:
— Mashup fabric for data ! "

aggregation and

transformation

— |||

— Web-based tool with user- | _« —
. . FAMRMS: Name:  [fimpon2 ;EABL.ImN" source is used to extract the repe |
frl e n d |y I n te rfa Ce i Preview UE?QULF:GB |hnp:.l'.l'www.weathe r.gowalerts/t.rss

Parameters

Parameters in URL Query string:

_ NO Scri pting/prog ramming + Name Value Name: The name of the Import source. This

does not contain a space.
X I | Source URL: The URL of the RS5, ATCOM o]

. . Feed type: RSS, ATOM or XML.
S kl | IS req u I red Feed Repeating element: The XML element thal

Type: By default, for RSS feeds this is the 'item’ xmr—

A

| | i Eor ATOM feads it evtracts sach 'entne
< 1l

— XQuery-like model s ST
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Generate DAMIA Flows from Clio

null:ProjsMapping.xsml

Source

o [S] file:DeptT.x=d o [S] file:Depts.xsd
¢ ET 1 v Es
¢ it ; (R
¢ B Prej[om ¢ B pept(on]
[ @
[EL dname (xs:string)—-ﬁ'd— [EE dname ixs:string)
[EL pname ixs:stringhy - [EE budget fxs:floay O]
¢ [ employes (0¥} 7 [ emps[0]
7 At q 7t
[k ename txd || ——————O———= [EL ename {xs:string) ]
[ salary xs| | ——— [EL sal txs:string) l:l
¢ [ projs[0,7]
9 At
[EL pid (xs:si'rin:l

¢ [E projects[0,7]
9 :

[EL pid (xs:stringlg:..é

High Iével mappings

I

Compiler

!

SQL XSLT | [ XQuery
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From XQuery to ETL

= The XQuery has a specific flow pattern, with several phases:

Source extraction queries (projection, navigation, join)
— Result: sets of flat tuples

Key generation

Union

Duplicate elimination
Computation of target groups

Generate target output (hierarchy)
— Back to hierarchical data

= We can visualize all this as a graph of operators
— we get the equivalent of an ETL job for XML
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Source schemas Target =chema Map 2 [v]=

a ﬁ file:example-sre.xsd a ﬁ file:example-tgt.xsd
= [E Source e} = [E] Target f=}
= [E Studentl [1*] fu} ——= = [E Student [1¥] du}
[EL sid (etring) [EE sid (atring) |=sid | [E=d ]
DOC 1 Studth' DOC 2 [EL name (string) \QZ [EE name (string) = name | [Ename ]
= [EL course (string) = [E Course [1*] 4w Al A
COUFSGEV6| [EL grade fstring) [Ek cname (string) |=course | Ecname ]

= [E Studentz [1,%] 4} [EL eid (ztring) = Ski{sm0x0.Studentl.g..| [= SkSistxl .courseEv. ..
[EL sid (siing) = [E Eval [1*] fm
../Student1/* .../Student2/ ../courseEval/* B name (e B cd e __]

= ski{smOx0,Shudentl.g. .|  |=SkS{sm2xi.courseEv...
[EL eval_key (string) [EE grade (string) = grade
= [E courseEval [1¥] fnd ! [EL file (srring) = file ]
]: [ eval_key (smng)/ |
X M L [EL criame (string)
sesmssmssEssEEsEEsEEEEnnnn sEEssEEsEEsEEsEEsEEsEEEsEEsEEEEEEEEEEES E i (suing)
- relational

1

Sd (: ======== Phaze-1: shredding into relational views ========)
name | declare function local:shred(3docl as element{root)) as element(root}{
R v =root=
sid o
name for S=ml=0 in Sdocl/SourcesStudentt
i = return
Key ed . Key to cname . <Student_0>
Skl(. ) Eva 2 file { ==id_0={ SsmixD/siditext() F/sid_0=
Cour$ 2 = N — =name_1={ Ssmix0/nameltext(} }</name_1=
o q . i <Course_2={ fn:concat("F_course(”, 3 iditext(y, "7, & 1l ftext(), )7) y=/Course_2=
F_COUI'SG Sd, name) Key tO =value-key={ fn:string-join{(Semix0/zid/text(}, Semix0/nameftext(), fn:concat("F_course(”, Semix0/sid/text(), ",
\ 4 SemOx0/namedtext(), ")), T) y<fvalue-key>
K Pid 0=F]|course(...) Co w_z ) }"5*””3”‘—0’
&y A 4 cen 1

for S2m2x0 in SdoclVSource/Student2,
! Szm2x1 in Sdocl/Source/courseEval
0 = F course ( . ) where SzmZx0/eval_key = SzmZx1/eval_key
- - return
<Student_0=
| <sid_D={ Ssm2x0isiditext() }</sid_0=
i <name_1={ Ssm2x0inamealtext() }<a'name_1>
=Courge_2={ fn:.concat("F_courze(", SsmZx0/zid/text(), SemZx0/namelftext(), ")) }=/Courze_2=
gqvalue-keyb{ fn:gtring-join((3 amzxﬂrsndrte:d(} %mzxﬂ!nama‘text(} fn:concat{"F_ caur3=| , SemZxli=iditext(), " ",
SemZx0/namadtext(), 1)), ) F<fvalue-key=
=/Student_0=

Pid O
T |cname
eid

value k

i
1
for Sam0x0 in Sdocl/Source/Studentt
return
=Course_1=

=Pid_0={ fn:concat("F_course(", SsmixWsidtext(), ", Szmix0/namstext(}), =)} y=/Pid_0=

=cname_1+{ Szmlxl/courseftext() }=/cnams_1=

<eid_2>{ fn:concat("Sk0(™, S=mlx0/gradestext(), °,°, S2mix0/cou ) f fext(), ", & id!
text(} 1) yeleid_2=

<va|ue—key>-{ fn:string-join{(fn:concat("F_courze(", Ssmix0/zid/text(), =,", Szmix0/nameltext(), ")), Semlx0/courses

tm(} fn:concat{"Sk0(", S=mlx=0/gr )" 5 fcourseftext(), ", 5 fnameftext(), ", Samlxiziditext(),
T T yivalue-key=

«/Course_1=

¢ Course 1
Student_0 ;

$ De-dup |value key
De-dup | vaue key v

Group-by

(i ======== Main query ======== 1}
let Sp0 = localidgen(),

2p1 = local.dupelim{localzhred(3p0)),

Sp2 = localnezt(Sp1)
return Sp2 44

Course 2=Pid 0
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Outline

= Clio: Basic Features of a Schema Mapping System

= MAUI: Advanced Features of a Schema Mapping
System

= Clio2010: Mapping-Based Authoring of Data Flows

ETL: “Mapping < ETL” Conversion

Web-Service Composition: Mapping for web-service
data sources

Mashups: "Mapping — Mashup” Generation
Reuse: Mapping Polymorphism
[Wisnesky et al. 07]

= Conclusions and Future Directions
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Mapping Reuse

= Motivaion:

— Existing mapping formalisms implicitly contain information that we need to be
explicit

Example:

— A Clio nested mapping expression implicitly defines a class of schemas for
which it has an interpretation

— But in Clio mapping representation (XSML), every mapping instance requires
concrete source and target schemas

» The flexibility to re-use mappings is lost
Approach:
— We need a formal language for talking about mappings
— Require theory and tools to manipulate mappings as blocks

Solution:
— Mapping Polymorphism
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Clio Language Embedding into MF

The bijection respects mapping
semantics.

| nstantiation
with concrete

types

of -
Bijection

Polymorphic
Mapping
Type

M F also includes useful termsthat
manipulate mappings.



Outline

= Clio: Basic Features of a Schema Mapping System

= MAUI: Advanced Features of a Schema Mapping
System

= Clio2010: Mapping-Based Authoring of Data Flows
B> = Conclusion and Related Work
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Clio Innovations Over Time

: Criollo
Product SQIT Chocolate Cinnamon (RDA)
component Assist (CM 8.3)
VLDB SIGMOD VLDB
SIGMOD 2002 2004 2005
Conference 2000 demo 2002 2004 2005 2006
99 00 01 02 demo 03 04 05 06
—
«Join-path <Attribute <XML *XSLT *Deep *Mapping *Schema
generation matching support generation union composition integration
*SQL XQuery  <Hybrid *SQL/XML -Schema ‘Nested
generation generation algorithm  generation evolution mapping
Data Mapping +Java engine
-Clio research viewer language runtime *Flow
component XQuery °N9ine mapping
rewrite «Java code <Web

generation arvices *°
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Conclusion

= Mappings define relationships between schemas of
data sources

= Mappings and transformation queries are the “new”
metadata

= Customers want “I” (for integration), not EAI, Ell, ETL,
etc.

— Consumability for information integration
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Related Work: Very Small Subset

= Information Integration Survey
— [Haas ICDT 07] “Beauty and the Beast: The Theory and Practice of Information Integration”
— [Kolatis PODS 05] “Schema mappings, data exchange, and metadata management”

— [Halevy, Rajaraman, Ordille VLDB 06] “Data Integration: The Teenage Years” as part of
their 10-year Best Paper Award on “Information Manifold” paper

=  Schema Matching
— Survey by Erhard Rahm and Philip Bernstein in VLDB J. ‘01
— Much work by Philip Bernstein, Anhai Doan, Alon Halevy, Jayant Madhavan
— Information Discovery project at IBM Aimaden (Berthold Reinwald et al.)

= Data cleansing, conflict resolution, data quality, duplicate detection, entity resolution, data
provenance

= Orchestra project at U Penn

= Schema Mapping Debugger
— [Alexe, Chiticariu, Tan. VLDB 06]

= A Benchmark for Schema Mapping System
— [Alexe, Tan, Velegrakis. 07]

= A new schema mapping GUI based on XQBE ideas
— [Ceri, Hernandez, Raffio et al. 07]

= Deep Web, peer-to-peer, ontology, etc
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