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QueryingwithPreferences

Findthebestanswerstoaquery,insteadofalltheanswers.

Why:

•toomanyanswers(objectivelyorsubjectively)

•onlythebestanswerswilldo.

“FindthelowestpriceforthisbookontheWeb...

...butalsokeepinmindmypreferenceforamazon.com.”
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Scoringfunctions

Anapproachgroundedinutilitytheory:

1.constructareal-valuedfunctionusuchthat:

t1Ât2≡u(t1)>u(t2)

2.returntheanswersthatmaximizeuinthegiveninstancer.

+canbeimplementedusingSQL3user-definedfunctions

[Agrawal&Wimmers,2000;Hristidisetal.,2001]

+providesanorderingofalltheanswers

−scoringfunctionsneedtobehand-craftedforeveryinput

−notexpressiveenough:weakorderpreferencerelations.
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Non-existenceofutilityfunctions

TitleVendorPrice

t1TheFlandersPanelamazon.com$14.75

t2TheFlandersPanelfatbrain.com$13.50

t3TheFlandersPanelbn.com$18.80

t4GreenGuide:Greecebn.com$17.30

Thesetofconstraints

{u(t2)>u(t1)>u(t3),u(t4)=u(t1),u(t4)=u(t2)}

isunsatisfiable.
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Preferencerelationsaslogicalformulas

Definepreferencesexplicitlyinalogicallanguage:

(i,v,p)Â1(i
′
,v
′
,p
′
)≡i=i

′
∧p<p

′
.

Querylanguageembedding:newwinnowoperatorreturningthe

tuplesinthegiveninstancethatarenotdominatedbyanyother

tupleintheinstance.
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Advantagesofthelogicalapproach

Generality:

>unrestrictedpreferencerelations

>logicalcompositionofpreferencerelations

>tightintegrationwiththequerylanguage

>algebraicandsemanticqueryoptimization

>varietyofimplementationoptions.

User-friendliness:

>preferenceformulasaremorenaturalandintuitivethan

utilityfunctions.
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Planofthetalk

1.Preferenceformulas.

2.Winnowanditsproperties.

3.Optimizationofpreferencequeries.

4.Logicalcompositionofpreferences.

5.Extrinsicpreferences.

6.Skylineandlinearoptimizationqueries.

7.Relatedandfuturework.
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Definitions

Preferencerelation:abinaryrelationÂbetweenthetuplesofa

givenrelation.

Preferenceformula:afirst-orderformuladefiningapreference

relation.

Intrinsicpreferenceformula:thedefinitionusesonlybuilt-in

predicates.

Typicalpropertiesofpreferencerelations:irreflexivity,and

transitivity,canbeeffectivelycheckedforintrinsicpreference

formulaswith=,6=,<,>,≤,≥.
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Winnow

GivenapreferencerelationÂdefinedusingapreferenceformula

C:

ωC(r)={t∈r|¬∃t
′
∈r.t

′
Ât}.

Example(“preferenceforamazon”):

(i1,v1,p1)Â2(i2,v2,p2)≡i1=i2∧v1=
′
amazon

′
∧v26=

′
amazon

′
.
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Somepropertiesofwinnow

Winnowcanbeformulatedinrelationalalgebra:

Book(I,V,P)−πI,V,P(Book(I,V,P)./
I=I

′
,P>P

′Book(I
′
,V

′
,P

′
)).

Nonemptiness:

IfCdefinesapreferencerelationwhichisastrictpartial

orderandrisfinite,thenωC(r)isnonempty.

Containment:

IfC1(t1,t2)⇒C2(t1,t2),thenforallinstancesr,

ωC2(r)⊆ωC1(r).
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Algebraiclaws

Commutativitywithselection:

If(C1(t2)∧C2(t1,t2))⇒C1(t1),thenforeveryr

σC1(ωC2(r))=ωC2(σC1(r)).

DistributivityoverCartesianproduct:Foreveryr1andr2

ωC(r1×r2)=ωC(r1)×r2.

Commutativityofwinnow:IfC1(t1,t2)⇒C2(t1,t2)andÂC1

andÂC2arestrictpartialorders,thenforallfiniteinstancesr:

ωC1(ωC2(r))=ωC2(ωC1(r))=ωC2(r).
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Semanticqueryoptimization

Usinginformationaboutintegrityconstraintsto:

•eliminateredundantoccurrencesofwinnow.

•makemoreefficientcomputationofwinnowpossible.

Eliminatingredundancy:GivenasetofintegrityconstraintsF,

ωCisredundantw.r.t.FiffFimpliesthefollowingintegrity

constraint:

∀t1.∀t2.[R(t1)∧R(t2)]⇒t16ÂCt2∧t26ÂCt1.
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Integrityconstraints

Constraint-generatingdependencies(CGDs)[Baudinet,

Chomicki,Wolper,1995]:

∀t1....∀tn.[R(t1)∧···∧R(tn)∧γ(t1,...tn)]⇒γ
′
(t1,...tn).

ImplicationisdecidableforCGDs.
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Logicalcompositionofpreferences

Single-dimensional:

•Booleanoperations,e.g.,:

x(Â1∩Â2)y≡xÂ1y∧xÂ2y.

•prioritizedcomposition:

x(Â1¤Â2)y≡xÂ1y∨(y6Â1x∧xÂ2y).

Multi-dimensional:

•lexicographicandParetocomposition

Scoringfunctions:compositionmuchmoreproblematic
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Extrinsicpreferences

Preferencerelationdependsnotonlyonthecomponentsofthe

tuplesbeingcomparedbutalsoonotherfactors:

•thepresenceorabsenceofothertuplesinthedatabase

•computedoraggregatevalues.

Solution:winnow+SQL.
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Preferenceforalowertotalcostofabook(includingshipping

andhandling).

VendorSH

amazon.com$6.99

fatbrain.com$3.99

bn.com$5.99

Applywinnowtothefollowingview:

CREATEVIEWTotalCost(Title,Vendor,Cost)AS

SELECTBook.Title,Book.Vendor,Book.Price+SHCosts.SH

FROMBook,SHCostsWHEREBook.Vendor=SHCosts.Vendor

Problem:Cartesianproductsinviews.

18



Skylinequeries

Findallthetuplesthatarenotdominatedbyanyothertuplesin

alldimensions[Börzsönyi,Kossmann,Stocker,2001](Pareto

composition).

012345
0

1

2

Properties:

•skyline:maximumsofmonotonescoringfunctions.
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SkylineinSQL

SELECT...FROM...WHERE...

GROUPBY...HAVING...

SKYLINEOFA1[MIN|MAX|DIFF]

...

An[MIN|MAX|DIFF]

ADIFFattributeindicatesthattupleswithdifferentvaluesof

thatattributeareincomparable.
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Specialcaseofwinnow

Skyline:

SKYLINEOFADIFF,BMAX,CMIN

Thecorrespondingpreferenceformula:

(x,y,z)Â(x
′
,y
′
,z
′
)≡x=x

′
∧y≥y

′
∧z≤z

′
∧(y>y

′
∨z<z

′
).
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SkylineusingBNL

Block-nested-loopsalgorithm[Börzsönyi,Kossmann,Stocker,2001]:

1.initializethewindowWandthetemporaryfileFtoempty;

2.repeatthefollowinguntiltheinputisempty:

3.foreverytupletintheinput:

•tisdominatedbyatupleinW⇒ignoret,

•tdominatessometuplesinW⇒eliminatethedominated

tuplesandinserttintoW,

•tisincomparablewithalltuplesinW⇒inserttintoW(if

thereisroom),otherwiseaddttoF;

4.outputthetuplesfromWthatwereaddedtherewhenFwas

empty,

5.makeFtheinput,clearF.
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SkylineusingSFS

Sort-Filter-Skyline[Chomicki,Godfrey,Gryz,Liang,2003]:

1.sorttheinputfileaccordingtoanymonotonescoringfunction;

2.initializethewindowWandthetemporaryfileFtoempty;

3.repeatthefollowinguntiltheinputisempty:

4.foreverytupletintheinput:

•tisdominatedbyatupleinW⇒ignoret,

•tisincomparablewithalltuplesinW⇒inserttintoW(if

thereisroom),otherwiseaddttoF;

5.outputthetuplesfromW.

6.makeFtheinput,clearF.
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Comparisonofalgorithms

SFS:

•progressive

•windowcontainsonlyskylinetuples:

>skylineresultfitsinthewindow⇒singlepass

•partial-orderpreferencerelations:topologicalsortnecessary.

BNL:

•outputdelayed

•windowcancontainnon-skylinetuples:

>skylineresultfitsinthewindow⇒morethanonepassmaybe

necessary

•worksforanypartial-orderpreferencerelation.

Bothalgorithmscanbeextendedforiteratedskylines:multiplewindows.
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Otheralgorithmsforskylines

Main-memoryalgorithmsforthemaximalvectorprobleminE
d
:

•basedonDivide-and-Conquer

•O(n(logn)
d−2

)+O(nlogn)[Kungetal.,1975]

•resultsizek:O(nlogk)ford=2([Kirkpatricketal,1985]

Algorithmsbasedonnearest-neighborsearch:

•optimal,progressive[Papadiasetal.,SIGMOD2003]

•also[Kossmannetal.,VLDB2002]

Thosealgorithmsdonotgeneralizetoarbitrarypreference

relations.
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Linearoptimizationqueries

Queryformulation:

Findtheinputtuplesthatmaximize
∑n

i=1aixi.

Thepreferencerelation:

x̄Âȳ≡
n∑

i=1

aixi>

n∑

i=1

aiyi.

Queryevaluationmethods(topKanswers):

•convexhulloftheinput[Changetal.,SIGMOD2000]

•rankedmaterializedviews[Hristidisetal.,SIGMOD2001]
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Relatedwork

Preferencequeries[Lacroix,Lavency,VLDB1987]:

PickthetuplesofRsatisfyingQ∧P1∧P2;iftheresult

isempty,pickthetuplessatisfyingQ∧P1∧¬P2;ifthe

resultisempty,pickthetuplessatisfyingQ∧¬P1∧P2.

Thiscanbeexpressedas

ωC2(ωC1(σQ(R)))

where

C1(t1,t2)≡P1(t1)∧¬P1(t2)

C2(t1,t2)≡P2(t1)∧¬P2(t2).
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[Kiessling,Güntzer,1994],[Govindaran,Jayaraman,Mantha,

2001]:

•clausally-definedpreferencerelations

•extensionofDatalog,requiresaspecialevaluationmethod.

[Kiesslingetal.,VLDB2002]:

•atomicandcompositepreferencespecifications

•winnow,skyline

•nologicalframework

•implementation:PreferenceSQLcompiledtoSQL

•deployedapplications:personalizedsearchenginesand

shoppingagents
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Futurework

Preferencemanagement:

•elicitation:

–pastresearchconcentratedonelicitingmulti-attribute

utilityfunctions

–howtoconstructpreferenceformulas?

•revision

Generalpreferencequeries:

•querieswithextrinsicpreferences

•preferencesoversets

•XML?
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Evaluationandoptimizationofpreferencequeries:

•rewriterules

•semanticqueryoptimization:

–othertechniques?

–moregeneralintegrityconstraints

•costmodels:

–skylines[Godfrey,FOIKS’04]

•indexing?materializedviews?

•newclassesofpreferencequeries:

–relaxationqueries
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