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The Update Problem for Database Views
1 / 13

• On the underlying states, the view map-ping is generally surje
tive (onto) butnot inje
tive (one-to-one).

Thus, a view update has many possiblere�e
tions to the main s
hema.The problem of identifying a suitable re-�e
tion is known as the update transla-tion problem or update re�e
tion prob-lem.With a reasonable de�nition of suitabil-ity, it may not be the 
ase that everyview update has a suitable translation.
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The Gold Standard � the Constant-Complement Strategy
2 / 13

In the 
onstant-
omplement strategy[Ban
ilhon and Spyratos 81℄, [Hegner 04AMAI℄, the main s
hema is de
omposed intotwo meet-
omplementary views.One is isomorphi
 to the view s
hema and tra
ksits updates exa
tly.The other is held 
onstant for all updates to theview.Although it is somewhat limited in the view up-dates whi
h it allows, they are supported in anoptimal manner.

Main S
hema

View S
hema

It 
an be shown [Hegner 03℄ that this strategy is pre
isely that whi
h avoids allupdate anomalies.However, this is 
ompli
ated by the 
omplement uniqueness problem.Some examples will help illustrate these ideas.
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• Consider the 
lassi
al example to the right.

A natural 
omplement to the -proje
tion is the-proje
tion.The de
omposed s
hema has relationsymbols and ; the legal database areall states whi
h are join 
ompatible on .The de
omposition mapping ,and is always bije
tive for 
omplements.The re
onstru
tion mappingis the inverse of the de
omposition mapping. It isthe natural join in this 
ase.The view whi
h is the proje
tion on is the meet ofand , and is pre
isely that whi
h must beheld 
onstant under a 
onstant-
omplement update.

Main S
hema E1Constraint: 1 [AB, BC]

R[ABC]

a0 b0 c0

a1 b1 c1

R1[AB]

πAB

View S
hema

WAB

a0 b0

a1 b1
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• Given is the following two-relation main s
hema.

The view s
hema to be updated is thatwhi
h preserves but dis
ards .The natural 
omplement is the s
hemawhi
h preserves but dis
ards .With 
onstant, all updates to are al-lowed.Clearly, this is the only reasonable update strat-egy for .However, does not de�ne the only 
omple-ment.Without further restri
tions, 
omplements arealmost never unique.
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An Alternate Complement

5 / 13
• The main s
hema is un
hanged.

The view s
hema to be updated is also thesame.An alternative 
omplement is de�ned by thesymmetri
 di�eren
e:

With this alternative 
omplement, the updatestrategy is di�erent � is altered.Clearly, this is not a desirable 
omplement.Question: How 
an these two 
omplements be dis-tinguished formally?
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A Partial Solution Based upon Monotoni
ity
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• Note that the symmetri
 di�eren
e mapping is notmonotoni
 with respe
t to the natural order ofdatabase states.

In earlier work [Hegner04 AMAI℄, it was shown thatorder-realizable update translations are unique whenboth view mappings are monotoni
 and the de
om-position mapping is an order isomorphism.An order-realizable update is one whi
h is realizableas a sequen
e of legal insertions and deletions.In the example to the right, no update to with
onstant is order realizable.The only allowable updates to keep the meet
onstant.Thus, the only possible updates are those whi
h
hange the value of a tuple, and these are notorder realizable.Thus, this 
hara
terization is not su�
ient to 
overall possible updates via 
onstant 
omplement.
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• Let WFS(D) denote the set of all well-formed senten
es in the language of therelational database s
hema D.

A database mapping between relational s
hemata is represented as alogi
al interpretation .Example: The proje
tion is represented by the formulain the relational 
al
ulus.Let denote the subset of 
onsisting of all positive
onjun
tive senten
es (no disjun
tion, no negation).The morphism is of 
lass if for every ),is equivalent to a senten
e in .Every SPJ-mapping (sele
t-proje
t-join) is of 
lass .These are also 
alled 
onjun
tive queries.
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 equivalen
e of senten
es in WFS(D) on the databases whi
hsatisfy all integrity 
onstraints.

De�nition: The database mapping of 
lass is semanti
ally bije
tivefor if indu
es a bije
tion .Fa
t (Semanti
 bije
tivity is stronger than ordinary bije
tivity): Every semanti
bije
tion for is also a bije
tion on the legaldatabase states (those whi
h satisfy the integrity 
onstraints.)Proposition: Let be of 
lass and a bije
tion on database states.Then it is a semanti
 bije
tion i� its inverse is also of 
lass .Theorem (Uniqueness of 
omplements): A view whose morphism is of 
lass 
anhave only one 
omplement of 
lass for whi
h the de
omposition mapping issemanti
ally bije
tive for .
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• In the 
lassi
al example to the right, all mappings areof 
lass ∃∧+.

• Therefore, ΠBC is the only 
omplement of ΠAB forwhi
h the re
onstru
tion mapping is also of 
lass
∃∧+.

Likewise for the se
ond example, now to the right.In the third example, the view mapping for isnot of 
lass :

In parti
ular, this 
omplement does not de�ne a re-
onstru
tion mapping of 
lass .The 
omplement de�ned by is the only one forwhi
h de�nes a re
onstru
tion of 
lass .
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Question: Are there 
onditions whi
h may be imposed on a s
hema D1 whi
hguarantee that every bije
tive morphism f : D1 → D2 of 
lass ∃∧+ issemanti
ally bije
tive?

Theorem: If admits universal models, then every su
h bije
tive morphism of 
lassis semanti
ally bije
tive.Theorem (Chase generates universal models): Suppose that is 
onstrained by
lassi
al database dependen
ies: EGDs (equality-generating dependen
ies) andTGDs (tuple-generating dependen
ies, possibly embedded). If the 
lassi
al 
haseinferen
e pro
edure terminates when applied to every whi
h is a subset of alegal database, then admits universal models.Fa
t: The 
hase pro
edure always terminates when restri
ted to EGDs and the weaklya
y
li
 TGDs [Fagin et al TCS 2005℄.Bottom Line: If the main s
hema is 
onstrained by EGDs and weakly a
y
li
 TGDs,and all view mappings are of 
lass , then view 
omplements are unique.
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al database dependen
ies: EGDs (equality-generating dependen
ies) andTGDs (tuple-generating dependen
ies, possibly embedded). If the 
lassi
al 
haseinferen
e pro
edure terminates when applied to every M whi
h is a subset of alegal database, then D1 admits universal models. 2

Fa
t: The 
hase pro
edure always terminates when restri
ted to EGDs and the weaklya
y
li
 TGDs [Fagin et al TCS 2005℄.Bottom Line: If the main s
hema is 
onstrained by EGDs and weakly a
y
li
 TGDs,and all view mappings are of 
lass , then view 
omplements are unique.
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• For M a database regarded as a set of ground atoms, the information 
ontent of
M relative to ∃∧+ is:

Info〈M〉 = {ϕ ∈WFS(D, ∃∧+) |M |= ϕ}

For an update , the information 
hange is:

Theorem (Constant-
omplement view update implies least information 
hange):a view of 
lass .an update on view .the unique 
omplement of whi
h is also of 
lass .The de
omposition morphism is semanti
ally bije
tive.Then the update on the main s
hema whi
h is de�ned by
onstant-
omplement has the least information 
hange over all possiblere�e
tions.
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• It has been shown that under suitable 
onditions whi
h in
lude 
ommon databasedependen
ies and views de�ned by SPJ-mappings, 
omplements of relationals
hemata are unique.

This in turn implies that there is a unique, natural realization for re�e
ting a viewupdate to the main s
hema when using the the 
onstant-
omplement strategy.It has also been shown that this natural realization is optimal in terms ofinformation 
hange to the main s
hema.
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Extension to Other Logi
-Based Data Models:

The Nested Relational ModelThe Higher-Order Entity-Relationship ModelQuestion: To what extent is the 
ontext appli
able to su
h models?Rappro
hement with the Order-Based Approa
h:The work of [Hegner 04 AMAI℄ is not based upon logi
al models, but ratherupon poset-based models.Question: To what extent 
an these two approa
hes be merged?Relationship to the Inversion of S
hema Mappings:The work of Fagin and his 
olleagues on data translation makes use of ideasrelated to information 
ontent.Question: To what extent are the te
hniques developed for this work appli
ableto problems in data translation?
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