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Meta Data Problem s

M any data m anagem entapplications prin arily
hvolve transfom ations of structured data

Data translation

—

UI/4GL generation
Schem a evolution 1 Dependency tracking

XML message translaton 1 Lieage tracihg

Application ntegration 1 hfo resourcemgmt
Data w arehouse badng 1 Binding, renam ing
ER/UML design tools 1 Software buid m ake)

W rmppergeneration rSQL1 Configuratbnmgmt

1 ManyDB problem s are easierto solve

1 Meta-datea-based solutions allinvolve

W hyMeta Data is In portant

bymanipulating m eta data
hstead ofw riting code
hstead ofm anpulatihg data directly

m odels (schem as) and m appings

M appigs -dat transfom ations, queries,
dependencies, ...

M odel, m anjpulate, and generate them
Usually,generate code from them
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Meta Data M anagem ent

1 Metadata = stucturalinform ation
DB schem a, nterface dem,web sie map, fom defns,...
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Outlne

1 htroducton

1 Meta data problem s
1 Design pattems

1 Solution tem plates
1 W rap up
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Exam pl:0bject-O rented
W rapperforSQL Tables

<+ Interface is an OO
class representing
a SQL table

Code to map OO operations
to SQL operations

S —
SQL Table

1 Manually program a w rapper foreach
table

1 This is very repetitive w ork

wrapper —»

1 So you wrie aprogram to generate a
w rapper foreach tabl
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OO0 wrapperOrSQL (ontd)

SQL model

SQL Defns

Class m odel

1 The wrappergeneratordoes the oolbow ing:
In ports each table definiton nto am odel
Generates am odelforthe class w rapper
Genemrates a m appihg from tablk to class
G enerates code from the class m odeland

m apping.
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Metadata-Speak

M eta-data-Speak

English Exam ple

m eta-m eta-m odel=
meta-meta-meta data

Built-n types
fusually hardcoded)

m etam odel=
m eta-m eta data

Schem a for “Tablk,”
“Column”, “Key,” ...

model=m eta data

Schem a forthe
Emplbyee Tablk

data

Emplyee Table
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Exam pl - Data Translation

1 Translhte data from one datam odelt another
1 Eiherwrte a program orgenerate i

RelationalSchem a

HierarchicalSchem a
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Outlne

1 Thtroducton

|:> M eta data problem s
1 Design pattems
1 Solition tem plhates
1 Wrap up
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Meta Data Solution Tem plate

G eta data m anagerform odeks and m appihgs

1 Usually, it's an objctm anager
00 program m Ing language

1 Hence,meta-m etam odelis the objct
m anager’s built-in types
Classes, attrbutes, m ethods, objcts

Plus operators to m anpulate them , such as
New Class,NewAttrbute, New Obfct, W riteA ttrbute
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Meta Data Solution Tem plate

G eta data m anagerform odels and m appigs
Despnmetam odells) € g. ©rSQL schem as)

Fthe m eta-m etam odelis
00, then the m etam odel
consists ofclass defnibons

Datatype

© 2004 M trosoftCompomton.Allrghts reserved.
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Meta Data Solution Tem plate

G eta data m anagerform odeks and m appihgs
Despnmetam odel) € g., rSQL schem as)
Buid a m odelin porter foreach m etam odel

ihstznceof

||ﬁ- ||~@
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Meta Data Solution Tem plate

Desgn metam odel) € g., orSQL schem as)

Buid a m odelin porter foreach m etam odel

Thvoke m odelin porter(s)

? S | ||~ M odel \\d
% Tn porter I’s
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Meta Data Solution Tem plate

G eta data m anagerform odel and m appigs
Despnmetam odel) €g., rSQL schem as)
Buid a m odelin porter foreach m etam odel

Thvoke m odelin porer(s)

Problem M odel M odel,

Data transhton source schem a targetschem a
M sg tanshton source form at mmgetfom at
App htegratbn source nterfaces | tamgetnterfaces
DW badihg source schem a DW schema

PA.Bemsei S:Melik: M e Data M anagement ICDE 04 Bosion
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Meta Data Solution Tem plate

G eta data m anagerform odel and m appigs
Despnmetam odel) € g., orSQL schem as)
I )

Buid a m odelin porter oreach m eam odel
Thvoke m odelin porer(s
G enemte ordesn m appings

ER Model SQOL Model

Data Tamet
M odel

ement, ICD E 04 Boston 16

(o] (= ][] [ ] =]

Data Source
M odel
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e
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G enemte code:data /m sg tanshth script,

app wmapper, ETL scrpt, vew def'’s, etc.
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Exam pl - Data Translation

Table

Meta
Models
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Exam ple - Data Translkhtion

Exam ple - Data Translhtion

Table
Meta
Models
g PurchaseOrder
Schemas
aka.
Models | ——— Tt
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Table
Meta
Models
| PurchaseOrder
Schemas
a.k.a. OrderDate
Models
[item#] [ OrdID | [ 1_Name]
P A.Bemstein, S.M elnik: M eta D ata M anagement, ITD E 04 Boston 19
Foreach po#,poD , poL] nn PO
éege/;afed Thsert po#, poD ] hito PurchaseO rder
# a/af, Foreach fprod#, pN ] i poL
rans a fon hsert prod#, po#,pN ] hito kem s
script End
End
Schemas
a.k.a.
Models
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Metm Data Problem s

1 Data transkhtion
1 00 orXML wmappergeneration orSQL DB
1 User-hterface /4G L-program generation

1 Design twolsupport OB, UML,... )
M odelgeneration, reverse engeering
Round-xrp engheering

1 Schem a evolution @pplies to allscenarios)
1 XML m essage translation forecom m exce

1 htegrate custom apps w ith com m excialapps

Meta Data Problem s (cont’d)

1 Data warchouse badnhg (clkan & transfom )
1 Lieage trachg fprovenance)
1 hfom aton resource m anagem ent

1 Dependency tracking
In pactanalysis
Navigation betw een tools

1 Binding,renam ng
1 Software buid fm ake)

1 Versin and configuration m anagem ent
Release m anagem ent
Productdata m anagem ent

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston
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Meta Data Solutions

1 They strongly resem ble one another

1 W e characterize thatresem blance
Prototypicalproblem s,ordesign pattems
Solution specifications, orsolution tem plates
Prin idve solution steps, oroperators

1 Goals
A m ethodolgy t solve m eta data problem s

U ltn ately, operatorin plem entations to tum
solution tem plates nto solition program s

© 2004 M trosoftCompomton.Allrghts reserved.
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Outlne

1 htroduction
1 Metadata problem s

I:> Desiggn pattems

1 Solition tem plhtes
1 Wrapup
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1

Operators

map =Match M,,M,)
Retum am apping betw een the two m odels

(M,,map,,) =ModelGen M,,m etam odel)

Retum amodelM, thatis expressed in m etam odel,
and is equivalentto m odelM

(M3, map;;,map,;) =Merge M,,M,,map)
Retum the union ofmodels M, and M,

map, = Compose fnap,,map,) =map, ©map,
Retum the com positon ofm ap, and m ap,,w hich is
amappig from map,’s dom ain to m ap,’s range.
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Meta Data Design Pattems

1 Design pattem - a problem description
consisting of
hputm odels and m appings
Outputm odels and m appings
Crieria forthe outputto be correct
An application specilizes tto m eta m odels
and m apping languages
1 Solition tem plate - a sequence of
operators producing the desired output

1 Operators - a single step thatcom putes
am odelandbrm appings

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston

Operators (contd)

1 map, = Confluence fnap,,map,)=map, ~ map,
Retum the “m erge” ofm appings m ap, and m ap,

1 (M,,map,,) = ExtractM,,map)
Retum the sub-m odelofM, thatparticipates i the
mappihg m ap

1 (M,,map,,) =DIffM,, map)

Retum the sub-m odelofM, thatdoes not
participate n the m apping m ap

27
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Design Pattems

1 MetaModeling
1 ModelM apping
1 ModelGeneration

1 Modelhtegration Singlk
Operator
1 Mapping Com positon Solitions

1 Mapping Algnm ent
1 Change Propagation
1 ModelRentegration

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston

29

M eta M odelng

1 Design pattem - develop a representation
(le.m etam odel) form odels and m appings

1 Applications - they alldepend on this
1 Soliton tem phte
Desiyn a m etam odel
W rite In port& Exportfunctions
§ InportSQL, In portXSD, In portERD,...
Today,  is m anualengheering design
Design once and reuse often

P A.Bemsein S.M elnik: M eta Data M anagement, ITDE 04 Boston
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1

1

Meta M odelng (cont’d)

The In port function form odels
Parse text

Copy ekm ents ofthe parsed fom nto a
m odelthatconfom s to is m etam odel

The In port function form appings

Sam e as m odels butm ay require m ore
sem antic analysis

E g. program dependencies,data lneage
Forsom e hnguages and m apping
m etam odels, Exportis hard €g. XSLT)
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M odelM apping

1 Design pattem - Design a m apping betw een
two m odels and generate code from it

1 Applications
Data translation
XML m essage transhtion forecomm exce
htegrate custom and com m excialapps
Data w arehouse extract, transfom & bad

1 Solution tem plates
map =Match M,,M,); Exportfn ap)
M apping reuse: Com pose, Confluence
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An XML M appnng Tool

Destington Schema
Schena> O &
Payment &e
&a
P PONumber &
= = Referenceliomber &
DateLrested &
2 PoDa o &
£ Relerencelumber. B | Paymeritiethod &l =1
52 Selr Accominio &
2 Addess- B PaymeniDate &
£ Contaclirto Paves Gl
2 Bujer adess &
52 llen Cortactiio &
£ emuber tten & &1
2 lenDescrpion e &
2 Unep ice &
£ enuanty- Descipton &1
£ EvendedPice.
5 2 IveiceSummary PamenSunmay & &
aRclerence Tems (e
£ Carir
 Stibate
@2 TaReleence
52 Tems0iSde
(52 Dissounirfomation
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A Data W arrhouse Loading Tool

1

1

1

M odelG eneration

Desgn pattem - G ven a m odel, generate an
equivalentm odelin anotherm etam odel

Applications
W rappergeneration SQLfi OO0 orXML)
Desiyn tools ER fi SQL,SQLfi ER)
UTAGL generation
Solution tem plate
(M,,map) =ModelGen M, metam odel,); ExportM ,)
M odels en often needs hum an guidance

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston
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M odelhtegration

1 Desgn pattem - G ven two m odels,develop
am odelthatsubsum es both ofthem

1 Applcations
View htegration
Data mtegration

1 Soluton tem plate

(M;,map,,,map,,) =Merge M,,M,,map);
ExportM ,,m ap,,,m ap,;)

P A.Bemsein S.M elnik: M eta Data M anagement, ITDE 04 Boston 36




M apping Com positon

1 Design pattem - Com pose tw o given
m appings

map;;
1 Applcations

Processing queries on view s
1 Solution tem plates
map,, = Com pose (n ap,,,m ap,;)

Answ ering queries usihg view s Lav),
Query m odification Gav),GLav

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston
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M appig Algnm ent

1 Design pattem - Align two m appihgs
betw een the sam e pairofm odels

map;
map,

1 Applcations

P2P query processihg,m appihg design
1 Solution tem plate

m ap, = Confluence fm ap,, m ap,)

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston

M odelReintegration

1 Design pattem - G ven a m odeland m appings
© two m odified versions ofthe m odel, produce
amerged model

M,

‘(\’b»Q g

M, M,

M,

1 Applcations
Paralleldevelopm ent

1 Solution tem plate
M ulbdstep application ofm any operators

P A.Bemstein .M elnik: M eta Data M anagement; ICDE 04 Boston
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Outlne

1 htroduction
1 Metadata problem s
1 Design pattems
Solition tem pltes

Change propagation

M odelreintegration

Change propagation revisied
1 Research background
1 W rap up
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Change Propagation
1 Design pattem - G ven two m odels and a
m appig.One m odelchanges.Fix the m apping

and otherm odel. @
=
1 Applications @ ”

Schem a evolution, nterface evolution, ...
Required m aintenance forallm eta data problem s

1 Solution tem plate
Requires allofthe operators

PA.Bemsein S:Mehik:Me@DataM anagement ICDE 04 Bosion
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Change Propagation
1 Given
map, between xsdl and SQ L schem a rdbl
xsd2, a m odified version ofxsdl
1 Produce
b2 to store hstances ofxsd2
a mappig between xsd2 and xdb2

P A.Bemsein S.Melnk: M eta Data M anagement, ITDE 04 Boston




Change Propagation
1 Given
m ap, between xsdl and SQ L schem a rdbl
xsd2, a m odified version ofxsdl
1 Produce
b2 to store hstances ofxsd2
a mappihg between xsd2 and b2

1.map,= Match (xsdl, xsd2)

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston
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Change Propagation
1 Given
map, between xsdl and SQ L schem a rdbl
xsd2, a m odified version ofxsdl
1 Produce
b2 to store hstances ofxsd2
a mappig between xsd2 and rdb2

1.map,= Match (xsdl, xsd2)
, 2.map; =map, ®map,

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston

Change Propagation
1 Given
map, between xsdl and SQ L schem a bl
xsd2, a m odified versin ofxsdl
1 Produce
b2 to store hstances ofxsd2
a mappig between xsd2 and b2

dl h- 1.map,= Match ksdl, xsd2)
2.map, =map, ®map,
3.<map,, b3 > = Copy map,)

Now we need to memge
D ifftksd2 m ap,) hto b3

P A.Bemsten s M elnik: M eta D ata M anagement
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Change Propagation (cont'd)

Lear)mapiy[ap1] " 7D na,

P A.Bemstein S.M elnik: M eta Data M anagement; ICDE 04 Boston

Change Propagation (cont’d)

4.<xsd2¢maps> =

xsdl 1 D iffxsd2 m ap,)
5.<rdb4,map6> =
m M odel en (ksd2¢, SQL)
=
|—|

o st

4.map5

xsd2 \%

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston
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Change Propagation (cont’d)

4.<xsd2¢maps> =

xsdl 1 D iffxsd2 m ap,)
5.<rdb4,map6> =
ModeD en &ksd2¢, SQL)
E 6.map7 = map4 emap5 emapé
|—|

7.<xb2, map8, map9> =

) i‘ M ewge (b3, rdb4, map7)

P A.Bemsein S.M elnik: M eta Data M anagement, ITDE 04 Boston
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Com plete Scrptin Rondo M odelreintegration

OpemtorDefinibn: PropagateChanges (s1,d1,s1_d1,s2,¢,s2_c)

1.sl_s2=Match(sl,s2); 1 DeSjgn pattem

2.(d1¢,dl¢ dl) = Dekte d1, Traverse @1l(s1) - Domah (s1_s2),s1_dl));

3.(c¢ ce ©) = Extract(c, Traverse @1l(s2) - Range (s1_s2),s2_c)); Reconcile jndependent Changes
4. c¢dle= c¢c* hivert(s2_c) * hvertsl_s2) * s1_dl * hvertdl¢ d1); A ]lchanges ofeach m odel

5. (d2,c¢ d2,d1¢ d2) = M emge (€& d1¢ c¢ d1d;

6. s2_d2=s2_c*hvertc¢ c) *ce d2 + No “dup licate addibons”

Twertll s2) * sl _dl * hvertdl¢ d1) * di1¢ d2; . .
7. wmtum (a2, s2_d2); 1 Sin plified exam ple
“Addibons” = add m odelelem ent
(also:drop constraints, reorg.m odel)

SQL XSD :PmwpagateChanges(sl,dl,sl_dl,s2,ModeBGen(s2,XSD)); “Deltions” = delete m odelelem ent

OpemtorUse:

@@lso:add constraints, reorg.m odel)
M appgs shown as lnes betw .elem ents

P A.Bemsten M elnik: M eta D ata M anagement, I'D E 04 Boston. 49 P A.Bemsein M elnik: M eta D ata M anagement, I'D E 04 Boston. 50
Desjgn mFOJﬁeﬂD M /0 werD Naive
Pmoduct Pmduct solution
pattem iy i
m. MM n_Mg m m. MM n_mg m
A B A B
O ™derD 0 derD O derD 0 erD
Product m_Mg Poduct Product Poduct
Rebate Band Rebate |™-. -\ Bmand
D iscount D iscount
ShipDate s & ShipDate
0 rerD M erge?
BHTEUIEE , 1 Directm odelintegration “lses” either
m Rebatep iscount delktions oradditons
R [ShpDate 1 Needm,Mm Mm,,m Mg
P A .Bemsten, S.MEth:MEEDaBManaae’nent,]CDEU4B0ml 51 P A .Bemstein, S.MEth:MEEDaBManaae’nent,]CDEU4B0ml 52
M 40 erD Solution M 40 erD
Product em P late Product
Brand begin) Brand
m m, m Mg M MyoM, M,¢E m MgoM, My9
My - My
1 Com positon
O derD . 0 erD produces a
Product 1 Propagtate de]ejcons m——— partialm apping
before mtegrating M,
Rebate am Bmnd
an
B Discount ‘Invert(m_mA om, myYom my O mB_mB4
ShipDate
O erD O erD O erD O derD
M, Ma¢\ poduct| ? |Pmoduct Mp Mp¢ Product Pmoduct
Rebate D iscount] Rebate | o |Discount
mA¢ ShipDate mB¢ mA¢ ShipDate mB¢
P A.Bemsten M elnik: M eta D ata M anagement, I'D E 04 Boston. 53 P A.Bemsein M elnik: M eta D ata M anagement, I'D E 04 Boston 54
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M /0 erd
Product
Brand
M _MyoM, M,¢ m Mgomyg Myd
m Bx
D iscount}
) ShipDate
1 Hentfy ) :
additons D iff Diff
O iff)
O erD O derD
Product Pmwoduct
Rebate D iscount]
mA ¢ ShipDate m B ¢
P A.Bemsen M elnik: M eta D ata M anagement, I'D E 04 Boston. Fﬂ
M 40 derD
Product
Brand
M MyoM, M,¢ m myomg My9
AX Math m Bx
rD iscount]
) ShipDate
1 Hentify ) - 1 Compose
agifl)tons D iff Compose D iff
O derD O derD
1 Match My, \Y product Product
and mBﬁil & Rebate D iscount] . ¢
A ShipDate| "'B
P A .Bemsten, S.MEth:MEBDaBManaae’nent,]CDEU4Boml 57

M ,omxerd
Product
Brand

m,¢

O erD

O derD

Product

Pmwoduct
D iscount]

Rebate

ShipDate

my¢

m,¢my¢

M /0 erD
Product
Brand
M _MyoM, M,¢ m MgoMy, My9
mAx M atch m Bx
rD iscount]
) ShipDate
1 Hentfy ) :
additons D iff Diff
O iff)
O erD O derD
1 Match Ma, \Y pioduct Pmduct
and meﬁ ¢ Rebate D iscount] m ¢
A ShipDate B
P A.Bemstein, S.M elnik: M eta D ata M anagement, ICD E 04 Boston 56
M 40 derD
Prwoduct
Brand
m M,oM, M, m MyoMpg MyQ
AX Math m Bx
rD iscount]
) ShipDate
1 Hentify ) - 1 Compose
?j%tons Dt Compose Dt 1 Align
0 derD 0 erD ga;;;‘jlngs
1M aécch Max \) Product— Pmduct Confl)
an mBﬁil & Rebate Discount] M.
A mA¢_mB¢ Sh:lpDate B
P A .Bemstein, S.MEth:MEEDaEManaae’nent,]CDEU4B0ml 58
M ,omxerD
Product
Brand
O derD
Product
Rebate D iscount \
ShipDate
1 Mergem, m R M erge
andmy¢
usihg k O rerD O derD
m,¢my¢ Product Product
- Rebate D iscount]
m,¢ : m, ¢
A mA¢_mE¢ SthDate B
P A.Bemstein, S.M elnik: M eta D ata M anagement, ICD E 04 Boston 60
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M 10 xerD Solution
Product em p]ate
Brand end)
O derD
~ Product
Rebate D iscount \
ShpDate 1 Compose
1 Mergem, mR M erge | Algn
andmy¢ partal
usjng kOIdeﬂD O dexrD mapp:ings
m,¢mg¢ Pmwduct Pmoduct Confl)
Rebate D iscount]
m,¢ . m, ¢
A ShipDate B
m,¢my¢ 2P
P A.Bemstein, S.M elnik: M eta D ata M anagement, ITD E 04 Boston 61

Sub-pattem : propagate deletions
fotdeleted
bywayofmy)

m m B
O erD [— O derD
Product[— Product
Brand [—]Bmand
D iscount]
ShipDate
mA P

O derD

Product (@dded tom )

Rebate

P A . Bemstein, S.MEth:MEBDaBManaae’nent,]l:DEUélﬁoml 63

Subpattem : propagate deletions
fotdeleted
bywayofmy)

Extract
m m B
O rderD
O WerD [ O derD = Product]
Pmoduct Pmoduct
Brand Brand
D iscount]
ShipDate
mA o

O ™derD [T Compose

Product (@dded tomy)

Rebate

P A.Bemstein, S.M elnik: M eta D ata M anagement, ICD E 04 Boston 6_5'
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Solution script

SCriptR entegratefm,m, ,m_m,,m, ,m_my)
. (my¢m, m,¢ = PropagateD eletionsfn ,m, ,m_m, ,my,m_mg);
. (myém,_my¢ = PropagateD ektionsfm , m,, m_m,,m, ,m_m
. (m,,,m,¢m, ) = Difffn, ¢ Tvertfn_m, o m,_m,4);
. (mg,mpémy) =Difff, ¢ Tvertn_my omy my4);
. My, my =Matchf,, mg,);
©MEMEes ¢ M, O my,, Wy, O TVertfu, ¢ my,)) ~
(mvertfn_m, 0Om, ma@om_my omy mpd; apping reuse
Ty M, My, Mg = M eigel, G M6, Emy0; e
/8. m_my=fm m, om, m,¢o Invertm, m,4) " b
fm_my om, my¢o Ivertin, m,4);
9. mum(m,,m_mg); Y,

»

AU A WN R

<

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston 62

Sub-pattem : propagate deletions

(hotdeleted
bywayofmy)
m my
O rderD [ O derD
Product Product
Brand Brand
D iscount]
ShipDate
m, b2
O derD [T Compose
Product @dded tom )
Rebate
P A .Bemstein, S.MEth:MEBDaBManaae’nent,]l:DEUélBoml 64

Subpattem : propagate deletions

(hotdeleted
bywayofmy)
Extract
m My
1 O erD
O erD [ O derD = Product]
Pmduct Pmoduct
Brand Brand
D :iscount\
ma ShipD ate\ Discount
) ShipDate
O ™derD [T Compose Diff P
Product (@dded tomy)
Rebate
P A.Bemstein, S.M elnik: M eta D ata M anagement, ICD E 04 Boston 66
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Subpattem : propagate deletions
fhotdeleted
b
g yway ofm )
m m B
O rderD m ¢
0 derD [ O erD |~ Product B
Pmoduct Pmoduct O derD
Brand Brand Com poss, % Pmduct
D :iscount\C fluence 7 D iscount
'mA SthDatE\Djscount/ ShipDate
D iff S hjpD ate
O ™derD [T Compose
Product (@dded tomy)
Rebate
P A.Bemstein, S.M elnik: M eta D ata M anagement, ITD E 04 Boston 67

Outlne

1 htroducton
1 Meta data problem s
1 Design pattems
1 Solution tem plates
Change propagation
M odelrehtegration
|:> Change propagation revisied
1 Research background
1 Wrmapup

P A.Bemstein .M elnik: M eta Data M anagement; ICDE 04 Boston

69

Solution script

scrpt PropagateD ektions(s,, d,,5_d,,8,,5._S)

. d,_ s =Twert(s d)os_s;

. (m,d,_m) =Extractd,, d,_s,);

. (n,d,_n) = Diff@d,, Iwvertls_d,));

. (d,,d, m,d, n) =M emgefm,n, Ivertd, m)o d, n);
. d. d =@ mo Iwvertd, m))~ d, no Invertd, n));
- eun(d,,d, dy;

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston 68

AU WwN e

Change propagation

1 Soliton tem phte
Propagate deletions
hclide additons
Merge resul

Change propagation

scrpt PropagateChanges(s,, d,, 5 d;, s, 8, 8)
1(d,$d, 4 = PropagateDeketions(s, d;,s_d;,s,,5_s);
2(s%s, 89 = Diffls, Ivertls_s));

6.eun(d,,d, d,,s, &)

34,4, 8¢d, 4,9 =MemgelsGd,¢ Tvertls 5,05 59085 d,0d dg;
4.d,_d, = mvertls d))os_s 0s s Ivert@, s¢))~ @_d¢o Ivert@d, d9);
5.8 d,= (Iverts_s)© s d od,_deo Twertd, d,4)~ (5, 0 Twertld, s,49);

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston
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Firstcuttaxonom y ofpattems
Schem a versioning

Data mtegration

Change propagation Rehtegration View htegration

o~/ Y

Schem a évo]utbn
Propagation ofdeletions Legend

A —>B

A uses B in
its solution

\/ \/ \/

Extract Diff Compose Confluence Match Meme

M odelm apping

M apping reuse

P A.Bemsein S.M elnik: M eta Data M anagement, ITDE 04 Boston 72

12



Outlne

1 htroduction

1 Metadata problem s

1 Design pattems

1 Solition tem plhtes
Research background

1
|:>W1apup
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The Comm erxcialW orld

1 Books forT professionals

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

D .Marco:Buiding and M anaging the M eta Data
Reposiory, W iley, 2000

1 Standards-
UML,MOF,CWM OMG)
XML,RDF,XML Schema,OW L @ 3C)
1 Products and tools

M odeling: BM RationalRose,Visio,CA AllFusion,
Borland Together

Generalm eta data m anagers: CA Advantage,

M icrosoftM eta Data Sewices, M etahtegration

M eta data services i data w arehousing ETL tools:
hfom atica,Ascential, ETI, Data Advantage, ...

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston 74

The Research W oxrld

1 ModelM anagem ent
A com putationalm eta data fram ew otk based on
m odels, m appings, and the operators described
here M atch,M erge, Com pose,... )

1 MetaData is a very active research area
Papers com Ing from m any DB research groups
Som e are problem -focused (e g.data ntegration)
Som e are operatorfocused e g.Match,Merge)

PA.Bemsei S:Mehik:Me@DataM anagement ICDE 04 Bosion

75

Summ ary

1 ManyDB problem s are easierto solve
by manipulating m eta data

1 Meta data problem s and solitions
strongly resem ble one another

1 Methodolgy:Use design pattems,
solition tem plates, and operators
sin plify developm entofm eta data
applications

1 There is m uch research to be done

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston
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MM System Architecture

L=t o ——  Generic Tools
*Brow ser eEdiors
¢ In portexport eCatalogs
*Scripting

hferencihg

M Copy .
== Engme

ADply

ObEctO rented
Reposiory

SQL
DBMS

P A.Bemstein S.M elnik: M e@ D ata M anagement; ICDE 04 Boston 76
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The M atch “Operator”

1 Schemamatching fm apping discovery)

G iven tw o schem as, retum correspondences
thatspecify pairs ofrelated elem ents

1 Semantic M appihg Query discovery)

G iven correspondences betw een tw o
schem as, retum an expressin that
translates nstances ofone schem a nto
hstances ofthe other.

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston

Schem a M atching Problem

1 Tput
Schemas S, and S,
Possbly data nstances forS,; and S,

Background know lkedge - thesauri,
valdated m atches, standard schem as,
constraints keys,data types), ontobgies,
NL gbssarks, etc.

1 Output

Correspondences betw een elem ents of
S,and S,

U sed by pem sion of kvt Bufl REexntery 1611 elaic: sty B aleM anagement, 0D E 04 Boston 81

Schem a M atching Approaches

1 Manygood ideas
Rahm & Bemstein, VLDB J,Dec 01
1 Butnone are robustfi com bine ideas

Individual matchers

Schema-based Content-based

Per-Element  Structural Per-Element
7\ VRN
Linguistic Constraint  Constraint Linguistic Constraint

-based -based -based

*Names *Types  +Graph *IR (word  «Value pattern
« Descriptions +Keys matching  frequencies, and ranges
key terms)

The Cupid A gorthm
1 Computes Inguistic sin flarity ofelem entpairs
1 Computes structuralsin ibrity ofelem entpais
1 Generates am apping

PO Sim> g purchaseOrder
— /\

POShipTo POBIlITo DeliverTo InvoiceTo

| !

Address Address
Gty Street City —Street A A
City Street  City _yStreet

Sim++

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston 83

PA.Bemsein S:Mehik:Me@DataM anagement ICDE 04 Bosion

M atching Anatom y Ontologies

1 Match two hum an anatom y ontologies
FMA -Univ.ofW ashihgton
Galen CRM -Univ.ofM anchester UK)
By PeterMork Univ.ofW ashihgton)
Bothmodels are big

1 Ultm ate goalw as finding differences

1 Like m ostm atch algorithm s, ours

calculates a sin ilarity score forthe
m -n pairs ofelem ents

P A.Bemsein S.M elnik: M eta Data M anagement, ITDE 04 Boston
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Algning Representations

FMA:

gener'r: Cardiac
part valve

CRM :

Heartsensbly
hasStructural om ponent
ValvehHeart

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston 8

Anatom y M atching A lgorihm

1. LexicalM atch

e Nom alize string, UM LS dictionary ookup,
convertto concept-D from thesaurus

e String comparison fi 306 m atches

e Addmng spaces, gnoring casefi 1834 m atches
¢ Lexicaltwolsfi 3503 m atches

87

PA.Bemsei S:Mehik:Me@DataM anagement ICDE 04 Bosion

Anatom y M atching A lgorithm

1. LexicalM atch
¢ Nom alize string, UM LS dictionary bookup,
convertto concept-D from thesaurus
2. Stwmucture M atch

e Sin ilarity (reified nodes)
= Average fneighbors)

e Back-propagate to neighbors

Anatom y M atching A lgorithm
1. LexicalM atch

¢ Nom alize string, UM LS dictionary bookup,
convertto concept-D from thesaurus

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston

Anatom y Matching Exam ple

St similarity score

P A.Bemstein S.M elnik: M eta Data M anagement; ICDE 04 Boston

89

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston
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Anatom y M atching Exam ple

S: similarity score

P A.Bemsein S.M elnik: M eta Data M anagement, ITDE 04 Boston
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Anatom y M atching A lgorithm

1. LexicalM atch

¢ Nom alize string, UM LS dictionary ookup,
convertto concept-D from thesaurus

2. Stwucture M atch

e Sin ikrity (reified nodes)
= Average fheighbors)

« Back-propagate to neighbors

¢ Adds 64 matches (o previous 3503)
« Inplies 875 rwified relationship m atches

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston 91

Som e Lessons
1 A common encoding ofm odels is hard
and involves com prom ises
D ifferent styles ofreifyhg relationships
CRM stores transitve relationships
1 Match needs to mventgeneralizations

T FM A, arterial supply, venous drainage,
nerve supply, lymphatic drainage

T CRM , these allm ap o isServedBy

1 Onbigmodels,Match is expensive
Som e steps required days to execute
Crossproductfilled 80 GB « 1GB mput).

PA.Bemsei S:Mehik:Me@DataM anagement ICDE 04 Bosion 93

MergeM,,M,, map)

1 Retum the union ofmodels M, and M,
Usem ap to guile the M exge
Felements x =y nmap, then colapse
them Into one elem ent

[Emp |-

map }--—-{ Emp \ Emp

- B

Name\ \ Phone\ [ Addr | [Name| [Phone]

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston
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Anatom y M atching A lgorithm

1. LexicalM atch

e Nom alize string, UM LS dictionary ookup,
convertto concept-D from thesaurus

2. Stwucture M atch

e Sin ilrity (reified nodes)
= Average fheighbors)

« Back-propagate to neighbors
3. Algn Superclsses

¢ Superclhss sin farity = average sin ilarity of
chidren, grandchidren, greatgrandchidren

¢ Adds 213 m atches (o 3567)

P A.Bemsein S.M elnk: M eta Data M anagement, ITDE 04 Boston

Outlne

htroduction to M odelM anagem ent
Ushg MM to solve m eta data problem s
M atching anatom y ontologies

1 Modelm erging

1 Wrap-up

PA.Bemsein S:Mehik:Me@DataM anagement ICDE 04 Bosion

MergeM,,M,, map)
1 Buneman,Davidson,Kosky,EDBT 92]
M eta-m odelhas aggregation & generalization only
Unin, and collapse obpcts having the sam e nam e
Fix-up step fornconsistencies created by m erging

Successive fixups lead to differentresults L
Batch them atthe end, to getaunigue m inin alresult

Now enrich the m eta-m odel (contalm ent, com plex
mappihgs,.. ) & m erge sem antics (conflicts, deletes)

P A.Bemsein S.M elnik: M eta Data M anagement, ITDE 04 Boston
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Meta Meta EN ., Employee

Model B

Conflict Employeel
Model

Conflict

Meta
Model
Conflict

DA.Bemdei S.Melnik:MeaDataM anagement, ITDE 04 Bosion

Resolving M erge Conflicts

D

97

An Approach to ModelGen
Atzeni& Torlone,EDBT '96]

1 Metm-models are m ade ofpattems

Object has % Aggregation Aggregation
sub-object A has attributes has key
(a) (b) ()

1 Define pattem transfom ations as rules

ForXSDfi SQL,
or i:>§+@

1 Totmnshte M  mto m eta-m odel MM ),

notin MM by pattems thatare m MM

P A.Bemstein .M elnik: M eta Data M anagement; ICDE 04 Boston

?

Apply miles thatreplace pattems In M 4 thatare

99

Contrbutions to M exge
Potttnger & Bemstemn, VLDB 03]

1 Generic correctness criteria forM erge

1 Useoffirstclass mputm apping hiotjust
correspondences)

1 Taxonomy ofconflicts & resolution strategies
1 Characterize when M erge can be autom atic

1 A mewe algorihm foran EER representation
1 Experin entalevaliation

DA.Bemdei S.Melnik:MeaDataM anagement, ITDE 04 Bosion

M odelG en Research

1 More compkte repertoie ofpattems
1 M ake pattems m ore generic

1  htegrate w ith rules enghe @void cyclks,
controlsearch)

1 Inplmenti

Microsoft
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