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The Problem of Data Exchange

Given: A sourceschemés, atamgetschemal anda
speci cation  of therelationshipbetweertheseschemas.

DataexchangeProblemof nding aninstanceof T, givenan
iInstanceof S.

- Tamgetinstanceshouldre ect the sourcedataasaccuratelyaspossible,
giventheconstraintsmposedoy andT.

- It shouldbeefciently computable.

- It shouldallow oneto evaluatequeriesonthetargetin away thatis
semanticallyconsistentvith the sourcedata.
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Queryoverthetarget: Q
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Answerto Q in thetamgetinstanceshouldrepresentheanswerto Q
In the spaceof possibletranslationf the sourceinstance.



Data Exchange in Relational Databases

Dataexchangehasbeenextensvely studiedin therelational
world.

- It hasalsobeenimplementedClio.

Relationaldataexchangesettings:
- SourceandtargetschemasRelationalschemas.

- Relationshigetweernsourceandtargetschemas:

Semanticof dataexchangenasbeenpreciselyde ned.

- Algorithmsfor materializingtargetinstanceandfor answeringqueries
over thetargethave beendeveloped.
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XML Documents

db
book book
@title author @title author
“Algebra” A “Real Analysis” A
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XML Data Exchange Settings @

Sourceandtargetschemasregivenby DTDs.

To specifytherelationshipbetweerthe sourceandthetarget
schemasve usesource-to-tagetdependencies.

To de ne thesedependenciesye usetreepatterns..
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Tree Patterns: Example

db
book . book
@xitle author @title author
X l “Real Analysis” A
@name @name @af
y “Royden” “Stanford”

Collecttuples(x; y): (Algebra,Hungerford) (RealAnalysis,Royden)



Tree Patterns

Treepatterns:XPath-like language.

- Example:book(@title = x)[author (@name = vy)]

Languagealsoincludeswildcard _ (matchingmorethanone
symbol)anddescendanperator—.



XML Source-to-target Dependencies

G

E

Source-to-tagetdependenc (STD):

7(X2) =" s(X;y);

where' s(x;y) and 1 (x; z) aretree-patterdformulasover
thesourceandtargetDTDs, resp.

Example:
writer book
@name work — @xitle author
/ /\ ” l
@title @year @name
X Z y
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XML Data Exchange Settings
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XML DataExchangesetting:(Ds;Dt; s7)
Dg: SourceDTD.
Dt : TargetDTD.

s7 . Setof XML source-to-tagetdependencies.

Eachconstrainin g7 isof theform 1 (X;z) ="' s(X;Y).
- ' s(X;y): Tree-patterformulaoverDs.

T (X; 2): Tree-patterffiormulaoverD .
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XML Data Exchange Problem

GivenasourcetireeT, nd atamgettreeT Ysuchthat(T; T9
satises gt.

- (T;T9 satises 1(x;z) ="' s(x;y) if wheneerT satis es' s(a;b),
thereis atuplec suchthatT° satis es 1 (a;c).

- TYis calledasolutionfor T.
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Example: Finding Solutions

Source db ! book™
DTD: book | author™ book | @title
author | " author | @name, @n
Tamet bib ! writer”
DTD: writer ! work™ writer ! @name
work | ! @title , @year
writer book
_ @name work @itle author
> y N X ¢
@title @year @name
X Z y

13



o

Example: Finding Solutions

G

E

Let T beouroriginaltree:

db
book book
@title author @title author
“Algebra” A “Real Analysis” A
@name @af @name @af
“Hungerford” “U. Washington” “Royden” “Stanford”

14
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Example: Finding Solutions

A solutionfor T:
bib
writer writer
@name work @name work
“Hungerford” A “Royden” A
@title @year @title @year
“Algebra” “?.7 “Real Analysis” “P 57

15
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Consistency of XML Data Exchange Settings

&

i

An XML dataexchangesetting(Ds;Dt; s7) canbe
Inconsistent:

Thereareno T conformingto Ds andTYconformingto Dt
suchthat(T; TY satises s7.

Whatis thecompleity of checkingwhethera settingis
consistent?

17
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Bad News: General Case

&

E

Theorem Checkingif anXML dataexchangesettingis consistent
IS EXPTIME-complete.

Resultson containmenof XPathexpressionsswell asuniversality
of treeautomatamply thatEXPTIME-hardnesss unasoidable.

18



whereall the *;'s aredistinct,and ' is oneof thefollowing: ", or  , or
toor?

Subsumeron-relationabdataexchangehandledby Clio.

Theorem For non-recursie DTDsthatonly have theserules,consisteng
canbechecledin timeO (kDsk+ kDtk) k gt k? .
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Query Answering in XML Data Exchange

Decisionto make: Whatis our querylanguage?

We startby consideringa querylanguagehatproduceguples
of values.

21



Conjunctive Tree Queries

@er®

i

Querylanguage’T Q~— is de ned by
Q = "] Q"QJ XQ;

where' rangesovertree-patterdormulas.

By disallaving descendant=we obtainrestrictionCl Q.

22



Example: Conjunctive Tree Query

List all pairsof authorsthathave written articleswith the sametitle.

Q(x;y) =
writer writer
9z ( @name work A @name work )
' | ’ |
@itle @xitle
Z Z

23



Certain Answers Semantics

Given: A sourcereeT andaconjunctve treequeryQ overthe
tamget.

Answerto Q shouldrepresentheanswerto this queryin the
spaceof solutionsfor T.

Certainanswersemantics:

\
certaifQ; T) = Q(TY:

TOjs asolutionfor T

24



Computing Certain Answers

We studythefollowing problem.

Givendataexchangesetting(Ds; Dt1; st) andqueryQ:

PROBLEM: CERTAIN-ANSWERS(Q).
INPUT: TreeT conformingto D s andtuplea.
QUESTION: Isa 2 certaifQ; T)?

25



Computing Certain Answers: General Picture

Theorem For every XML dataexchangesettingandCr Q —-query
Q, CERTAIN-ANSWERS(Q) isin coNP.

Remark:In termsof the sizeof thedocumen{datacomplexity).

Theorem Thereexistan XML dataexchangesettinganda
CTQ~-queryQ suchthat CERTAIN-ANSWERS(Q) is coNP-hard.

Wewantto nd tractablecases..
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Computing Certain Answers: Finding Tractable Cases

Theorem Supposeneof thefollowing is allowedin treepatternsover
thetamgetin STDs:

descendamperator=, or
wildcard _, or
patternghatdo not startattheroot
Thenonecan nd sourceandtargetDTDs anda CT' Q-queryQ suchthat

CERTAIN-ANSWERS(Q) Is coNP-complete.

Remark: Evenif all therulesin theDTDs areof theform:
I G N Y
whereall the ";'s aredistinct.
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Computing Certain Answers: Finding Tractable Cases

To nd tractablecasesye have to concentrat®n
fully-speci ed STDs:

We imposerestrictionson treepatternsovertargetDTDs:
- nodescendantklation—=; and
- nowildcard_; and

- all patternsstartattheroot

No restrictionamposedon treepatternsover sourceDTDs.

Subsumaon-relationabataexchangenandledoy Clio.

Fromnow on, all STDsarefully-speci ed.

28



Computing Certain Answers: Towards a Classi cation

GivenaclassC of regularexpression@nda classQ of queries:

Cis tractablefor Q if for every dataexchangesettingin which tamget
DTDs only useregularexpressiongrom C andevery Q-queryQ,
CERTAIN-ANSWERS(Q) isin PTIME.

Cis coNP-completdor Q if thereis adataexchangesettingin which
targetDTDs only useregularexpressiongrom C anda Q-queryQ such
that CERTAIN-ANSWERS(Q) Is coNP-complete.

Remark(Ladner):If PTIME & NP, thereareproblemsan coNPwhichare
neithertractablenor coNP-complete.
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Computing Certain Answers: Towards a Classi cation

Our classi cationis basedn classe®f regularexpressions
usedin targetDTDs.

We only imposeonerestrictionto theseclassesThey must
containthe simplesttype of regularexpressions.

Suchclassewill becalledadmissible.

30



Computing Certain Answers: Dichotomy

Theorem

1) EveryadmissibleclassC of regularexpressionss eithertractableor
coNP-completdor CTQ~.

2) For everytractableclass:GivenasourceireeT, onecancomputen
PTIME asolutionT ? for T suchthat

certaifQ: T) = removenull _tuples(Q(T?)):

3) It is decidablevhethertheregularexpressionsisedin atargetDTD
belongto atractableclass.

31



A Tractable Class: Univocal Regular Expressions

Gy : classof univocalregularexpressions.

- Examples: (AjB) , A;B";C ;D?, (A B ), (C;D) .
- Non-unvocal: A; (BjC).

UnivocalregularexpressionsGivenasourcetreeT, onecan
computein PTIME asolutionT ? for T suchthat

certaifQ; T) = removenull tuples(Q(T?)):

Theorem G, is tractablefor CTQ™.
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Non-tractable Classes

|s thereary othertractableclassof regularexpressions?

Theorem G iIs maximal:If Cis anadmissibleclassof regular
expressionsuchthatC6 Gy, thenCis coNP-completdor CTQ-queries.

Dichotomyfollows from this theoremandtractability of G .

Theorem It is decidablevhethera regularexpressions univocal.
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Final Remarks

0.7 T
AT

Dichotomyalsoholdsfor unionsof conjunctve queries.

Futurework:

- We wouldliketo considerXML querylanguageshatproduceXML
trees.

How dowe de ne certainanswers?

- Thenotionof reasonablsolutionsneedgo beinvestigatedfurther
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Tractable Case: Univocal Regular Expressions :

E “
|
2

T? is acanonicakolutionfor T:

certaifQ;T) = removenull tuples(Q(T?)):

We computeT ? in two steps:

- We useSTDsto computea canonicalpre-solutioncps(T) from T.

- Thenwe usetargetDTD to computeT ? from cps(T).
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Example: XML Data Exchange Setting

SourceDTD:
r | A ;B
A ! A | @
B ! ! B ! @
TamgetDTD:
r| (C;D)
c ! cC | @m
D | E
E ! ! E ! @n
ST
rC@n=x)] - A@ =
rfC(@n=x)] = B(@ =
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Example: Computing Canonical Pre-solution
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Example: Computing Canonical Pre-solution
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Example: Computing Canonical Pre-solution

Canonicalpre-solution:

Not yetasolution: It doesnot conformto thetargetDTD.
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