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2Introdu
tionDatabases may be
ome in
onsistent wrt a given set of integrity 
ons-traints (ICs)DBMS has no me
hanism to maintain 
ertain 
lasses of ICsData of di�erent sour
es are being integratedEven if the independent data sour
es are 
onsistent, integrated datamay be in
onsistentNew 
onstraints are imposed on pre-existing, lega
y dataSoft, user, or informational 
onstraints, to be 
onsidered at queryanswering, but without being enfor
edMost likely most of the data in the DB is still �
onsistent�We want to obtain query answers that are semanti
ally 
orre
tWhi
h are those?



3Considerable amount of resear
h on 
onsistent query answering (CQA)has been 
arried out in the last 6 yearsIn [Arenas, Bertossi, Chomi
ki. PODS 99℄: For relational databasesChara
terization of 
onsistent answers to queries as those that areinvariant under minimal repairs of the original database; i.e. true inall minimally repaired versions of the DBMe
hanism for 
omputing them (for 
ertain 
lasses of queries andICs)Database repairs are 
onsistent instan
es that minimize under set in
lu-sion the set of insertions/deletions of whole database tuples

D an instan
e as a set of ground atoms; possibly in
onsistent wrt IC :A repair D′ of D is a new instan
e that satis�es IC and makes
∆(D, D′) = (D r D′) ∪ (D′

r D)minimal under set in
lusion



4Example 1: In
onsistent DB instan
e D wrt

FD : Name → Salary, a
tually a Key Dependen
y (KD)

Employee Name Salary

Page 5000

Page 8000

Smith 3000

Stowe 7000Repairs D1, resp. D2

Employee Name Salary

Page 5000
Smith 3000
Stowe 7000

Employee Name Salary

Page 8000

Smith 3000

Stowe 7000Consistent answers to the queries:
Employee(x, y)?: (Smith, 3000), (Stowe, 7000)

∃yEmployee(x, y)?: Page, Smith, Stowe



5First algorithm for CQA was based on �rst-order query rewriting

Example 2: (
ontinued)
FD : ∀XY Z (¬Employee(X,Y ) ∨ ¬Employee(X,Z) ∨ Y = Z)Query: Employee(x, y)?Consistent answers 
an be obtained by means of the transformed query

T (Employee(x, y)) := Employee(x, y) ∧

∀z (¬Employee(x, z) ∨ y = z)

... those tuples (x, y) in the relation for whi
h x does not have andasso
iated z di�erent from y ...A residue has been appended to the original query; it 
an be obtained byresolution between the FD and the query



6With FO query rewriting there is no need to 
ompute repairs; only theoriginal database is queriedIt ensures polynomial time data 
omplexity for CQAHowever, FO query rewriting is de�ned (or works) for limited 
lasses ofqueries and ICsThe data 
omplexity of CQA in relational databases 
an have data 
om-plexity as high as ΠP
2

-
omplete

[Arenas, Bertossi, Chomi
ki. ICDT 01℄[Chomi
ki, Mar
inkowski. I&C 05℄[Cali, Lembo, Rosati. PODS 2003℄[Fuxman, Miller. ICDT 2005℄



7At least seven systems for CQA have been implemented

QUECA [Celle, Bertossi℄Hyppo [Staworko, Chomi
ki℄CONQUER [Fuxman, Miller℄INFOMIX [Leone, ...℄Calabria [Fles
a, ...℄System for repairing numeri
al databases[Lopatenko, Bravo; ICDE 2007℄ConsEX [Caniupan, Bertossi; 2006℄



8In
onsisten
ies in XML

CQA has be
ome a subje
t of a
tive resear
h in databases

Most work has 
on
entrated on relational databases

With some additional work in multidimensional databases and DWHs

Not mu
h work has been done wrt to in
onsisten
ies in XML data

In
onsisten
ies wrt DTDs and ways to restore 
onsisten
y has been stu-died in [Staworko, Chomi
ki. 2006℄



9Here we present work in progress on CQA from XML databases that mayviolate fun
tional dependen
ies (FDs)

We need a framework to formalize and address this problem

In parti
ular, a logi
al language to express FDs and queries



10XML Trees
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An XML tree is a tuple T = 〈V, el , val , att , lab, root〉 where:

V ⊆ V is a set of nodes that forms a tree with root root

lab : V → E ∪ A ∪ S, gives labels to nodes in V(E = lab−1(E), et
.)
el : E → seq(E ∪ S), the �nite sequen
es of elements of E ∪ S

att : E → P (A), the set of subsets of A

val : A ∪ S → S



11DTDsThey spe
ify the basi
 stru
ture of the XML tree (or XML do
ument)<!ELEMENT root (studio+, dire
tor+)><!ELEMENT studio (
ompany,lo
ation?)><!ELEMENT 
ompany (#PCDATA)><!ELEMENT lo
ation (#PCDATA)><!ELEMENT dire
tor (name,
itizenship?,movie+)><!ELEMENT name (given,family)><!ELEMENT given (#PCDATA)><!ELEMENT family (#PCDATA)><!ELEMENT 
itizenship (#PCDATA)><!ELEMENT movie (title, year, a
tor*)><!ELEMENT title (#PCDATA)><!ELEMENT year (#PCDATA)><!ELEMENT a
tor (name, gender)><!ELEMENT gender (#PCDATA)>



12Node Address
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A node address is a persistent identi�er for a nodeIn the example, address(root, T1) = [0] and for v the leftmost dire
tornode, address(v, T1) = [0, 2]Formally, given a tree T = (V, lab, el , att , val , root), the node address isde�ned by:

address(root , T ) = [0]For v ∈ E with el(v) = [v1, . . . , vn]: address(vi, T ) = address(v, T ) · [i]



13Substitution
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We introdu
e a set VAR = {x1, x2, . . .} of variables for node addressesA substitution on T is a fun
tion σ : VAR → {address(v, T ) : v ∈ V }For example, σ may assign x1 in T1 to [0, 1, 2], i.e. σ(x1) = [0, 1, 2]



14Address Equality and Value Equality

Given an XML tree T and a substitution σ on T :

T |=σ (x1 =A x2) i� σ(x1) = σ(x2)

T |=σ (x1 =V x2) i� there are nodes v1 and v2 in T su
h that

σ(x1) = address(v1, T ) and σ(x2) = address(v2, T ) and v1, v2 de-�ne isomorphi
 XML subtreesIn the example, for σ(x1) = [0, 2, 3, 3, 1] and σ(x2) = [0, 3, 3, 3, 1]:

T1 6|=σ (x1 =A x2)

T1 |=σ (x1 =V x2)(two nodes de�ning subtrees with the same information about Humph-rey Bogart)



15Paths

A base path is de�ned by: p ::= ǫ | l | p·p

l ∈ E r {root} and �·� is 
on
atenationFor example: director , director ·nameFor an XML tree T , p a base path, and x ∈ VAR, a simple path expressionis de�ned by:
PE ::= root·p·B | x·p·B

B ::= ǫ | textFor example: x·director, root·director·nameIf a path expression 
ontains root , it is absolute , otherwise is relative



16Conforming Nodes


onfσ,T (x·p) gives the set of (addresses of) nodes that 
an be rea
hedvia the path x·p for a given σLet σ be a substitution on T , x ∈ VAR ∪ {root}, and σ(root) := [0]1. For a base path p, 
onfσ,T (x·p) is de�ned by indu
tion on pa) 
onfσ,T (x·ǫ) = {σ(x)}b) 
onfσ,T (x·l) = {σ(x) · [i] | el(v) = [. . . , vi, . . . ], and

address(v, T ) = σ(x) and lab(vi) = l}
) 
onfσ,T (x·p·q) = {L2 | exists L1 ∈ 
onfσ,T (x, p) and

L2 ∈ 
onfσ,T (v ·q) and σ(v) = L1}2. 
onfσ,T (x·p·text) = {L · [i] | L ∈ 
onfσ,T (x·p) and
lab(vi) = text , with σ(v) = L and el(v) = [. . . , vi, . . . ]}



17Example:
E


E


E


E


T


root


director


name
 movie


Curtiz
 1942


title


2


1


2


year


E


T


citizen


Hungarian


3

E


E


T


1
 2

given
 family
E


T


Michael


1


studio


L.A.


E


E


T


1
 2

company
 location
E


T


Universal


1


E


T


Casablanca


2

E


E


E


T


actor


name


Bogart


given


3


1


2


E


T


gender

1


E


T


Humphrey


2


family


M


E


E


T


movie


title

1


4


E


T


2


1934
The Key


year


E


E


E


T


director


name

movie


Korda
 1943


title


3


1


2


year


E


T


citizen


Hungarian


1
 4


E


E


T


1
 2

given
 family
E


T


Zoltan


1


E


T


Sahara


2

E


E


E


T


actor


name


Bogart


given


3


1


1


E


T


1


2


E


T


Humphrey


2


family


F


E


E


E


T


actor


name


Wengraf


given


1


1


E


T


1


2


E


T


John


2


family


M


3


text
text


text


text
text
text
text


text


text
text


text
text
text


text


text


text
text


text
 text


text


text
 text


text


1
 1


1
 1


1


1
 1


1
 1


1


1
 1
 1
 1
 1
 1


1
 1
 1
 1


gender
 gender


For σ(x) = [0, 2]:
onfσ,T1
(x·movie) = {[0, 2, 3], [0, 2, 4]}
onfT1

(root·director·movie) = {[0, 2, 3], [0, 2, 4], [0, 3, 3]}In absen
e of address variables, σ is omitted



18The LXML Language

We need a language to express queries and ICs on XML trees1. Atomi
 formulas
true and falseFor x1, x2 ∈ VAR, x1 =A x2 and x1 =V x2 are formulasIf p is a simple path expression and x ∈ VAR, p(x) is a formula(a path atom)2. Boolean 
ombinations of formulas are formulas3. If ϕ is a formula and x ∈ VAR, then ∀x(ϕ) and ∃x(ϕ) are formulasFor example: x1 ·title(x) ∧ x2 ·title(y) ∧ x =V y

∀x∀y(root·director(x) ∧ x·movie(y))



19Truth?A few relevant 
ases:
T |=σ p(x) i� σ(x) = address(v, T ) and v ∈ 
onfσ,T (p)It holds if x is assigned the address of a node v that is rea
hedfollowing path p

T |=σ x·p(y) i� for nodes v1, v2 it holds that σ(x) = address(v1, T )and σ(y) = add(v2, T ), and v2 ∈ 
onfσ,T (v1 ·p)It holds if x, y are assigned the addresses of nodes v1, v2, resp., and

v2 is rea
hed from v1 following path pIn other words, if �node� y 
an be rea
hed from �node� x followingpath p from xTruth of equality atoms were de�ned, others 
ases are straightforward ...
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For example:For σ(x) = [0, 2]: T1 |=σ root.director(x)For σ2(x) = [0, 2] and σ2(y) = [0, 2, 1]:
T1 |=σ2

root·director(x) ∧ x·name(y)For every σ: T1 |=σ (∀x ¬ root·director·movie·producer(x))



21Minimal Stru
tural Constraints

We may have XML trees that are in
onsistent wrt 
ertain fun
tional de-penden
ies (FDs)
However, those tree will satisfy 
ertain minimal stru
tural 
onstraints re-lated to those FDs

For example, an a
tor must have a name, but should not have more thanone name
This will allow us to 
ompare di�erent a
tors, and require, for examplethat if they appear with the same name in di�erent subtrees, then theyshould be the same a
tor

The latter is the FD, but we are not imposing it by 
onstru
tion



22Minimal stru
tural 
onstraints (MSCs) spe
ify that 
ertain elements mustexists and 
annot be repeated in the s
ope of a subtree (e.g. a movie ha-ving two titles)
The MCSs 
an be spe
i�ed using DTDs as usual, and we 
an also expressthem using LXML formulas

An MSC M is spe
i�ed as a �nite 
olle
tion of statements of the form:

p[[p1, . . . , pn]]An XML tree T satis�es this statement in M when:The paths p·pi exist in TIn T , for ea
h node v that is rea
hed via p, there is exa
tly onenode rea
hed from v via pi



23Consider the following DTD spe
i�
ation of elements root and studio:<!ELEMENT root (studio+, dire
tor?)><!ELEMENT studio (
eo,lo
ation?)>It 
an be seen also as an MSC: root·studio[[ceo]]We 
an even express the requirements in LXML:

∃xy(root(x) ∧ x·studio(y))
∃xy(studio(x) ∧ x·ceo(y))
∀xy1y2(studio(x) ∧ x·ceo(y1) ∧ x·ceo(y2) → y1 =A y2)We will assume that DTDs are of the MSC form plus the possible exis-ten
e of optional elements (like dire
tor, lo
ation here)And not any MSCs, but those asso
iated to fun
tional dependen
iesIt is possible to extend the notation for MSCs indi
ating optional elementsIn this sense they are �minimal and FD-oriented DTDs�



24For example, in T1 a dire
tor must not have two names

The name is a unique element for the subtree de�ned by dire
tor

Therefore, there will be no dire
tor 
alled both �Mi
hael Curtiz� and �Zol-tan Korda�
On the other hand, a fun
tional dependen
y may spe
ify that there arenot two di�erent dire
tors with the same name, whi
h is something dif-ferent

That is, an XML tree may satisfy the MSC without satisfying this lastrequirement and in
onsisten
ies may arise

Integrity 
onstraints (and FDs) for XML have been studied in the da-tabase 
ommunity: Peter Buneman, Leonid Libkin, Wenfei Fan, JeromeSimeon, Mar
elo Arenas, ...



25Absolute Key Constraints

For an XML tree T that 
onforms to the MSC statement B[[C1, . . . , Cn]],an absolute key 
onstraint (AKC) is an LXML-senten
e:

∀x1x2 (B(x1) ∧ B(x2) ∧
n∧

i=1

x1 ·Ci =V x2 ·Ci −→ x1 =A x2)

B, that starts from the root, is the obje
tive path and C1, . . . , Cn arethe key pathsThe expression (B, {C1, . . . , Cn}) is used as shorthand for the AKCFor example, (root·director, {name}) denotes an AKC
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(root·director, {name}) requires that two dire
tors with the same namemust be the same dire
tor; in this 
ase des
ribed in the same subtreewith root in dire
tor

This applies to the whole tree (starting from the root), that is why it is�absolute�Here: T1 |= (root.director, {name})



27Relative Key Constraints

For an XML tree T that 
onforms to the MSC statement B.B′[[C1, . . . , Cn]],a relative key 
onstraint (RKC) is an LXML senten
e:

∀xx1x2 (B(x)∧ x·B′(x1)∧ x·B′(x2)∧
n∧

i=1

x1·Ci =V x2·Ci −→ x1 =A x2)

B ·B′, with B starting from root, is the obje
tive path and C1, ..., Cn arethe key paths

(B, (B′, {C1, . . . , Cn})) is used as a shorthandHere, we have a key 
onstraint relative to nodes that are rea
hable viapath B
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T1 |= (root.director, (movie, {title}))

Intuitively, (B, (B′, {C1, . . . , Cn})) is an RKC when (B′, {C1, . . . , Cn})is an AKC for ea
h subtree with root in a node that is rea
hable from theroot following B



29Absolute Fun
tional Dependen
ies

For an XML tree T that 
onforms to the MSC statement B[[C1, . . . , Cn]],an absolute fun
tional dependen
y (AFD) is an LXML-senten
e:

∀x1x2 (B(x1) ∧ B(x2) ∧

n−1∧

i=1

x1 ·Ci =V x2 ·Ci → x1 ·Cn(y1) =V x2 ·Cn(y2))

B, starting from the root, is the obje
tive path, C1, . . . , Cn−1 are theindependent paths, and Cn, n ≥ 1, is the dependent path

(B, {C1, . . . , Cn−1 → Cn}) is used as a shorthand
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T1 |= (root.director, {name → citizen})

Intuitively, for every pair of nodes v1, v2 rea
hable via B, it holds that ifthe nodes rea
hed following Ci, 1 ≤ i ≤ n − 1, from v1 and v2, are equalin value, then the nodes rea
hed following Cn from v1 and v2 must alsobe equal in value



31Relative Fun
tional Dependen
y

For an XML tree T that 
onforms to the MSC statement B ·B′[[C1, . . . , Cn]],a relative fun
tional dependen
y (RFD) is an LXML-senten
e:

∀xx1x2(B(x) ∧ x·B′(x1) ∧ x·B′(x2) ∧
∧n−1

i=1
x1 ·Ci =V x2 ·Ci −→

x1 ·Cn =V x2 ·Cn)

B ·B′, B starting from root, is the obje
tive path, C1, ..., Cn−1 are theindependent paths and Cn, n ≥ 1, is the dependent path

(B, (B′, {C1, . . . , Cn−1 → Cn})) is a shorthand for the RFD
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T1 |= (root.director, (movie, {title → year}))

Intuitively, (B, (B′, {C1, . . . , Cn−1 → Cn})) is an RFD when

(B′, {C1, . . . , Cn−1 → Cn}) is an AFD for all subtrees with root in thenodes rea
hed following B from root



33Consisten
y wrt FDs
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T1 |= FD for FD = {root.director{name}, root.director{name → citizen}}

Given a set of FDs FD and an XML tree T that 
onforms to the MSCstatements asso
iated to FD :
T is 
onsistent wrt FD , denoted T |= FD , i� T satis�es all the FDs in

FDOtherwise, T is in
onsistent
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We 
an use LXML-formulas to express queries to XML trees

Q1(x) : root ·director(x) posed to T1 asks for all dire
tors

Q2(x) : root ·director·name(x) asks for all dire
tor names

Q3(x) : root ·director·movie(x) ∧
∀y(¬root ·director·movie(y) ∨ x·title 6=V y ·title ∨ x =A y))asks for movies with a unique title



35The answer to a query Q(x) from T :Is the set of subtrees of Twith root in v ∈ T su
h that address(v, T ) = σ(x) and T |=σ Q(x)For example, for T1 and Q(x) : root ·director·movie(x)The answer 
ontains the following trees:
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36Repairs

An XML tree T may not satisfy a given set FD of FDs

In
onsisten
ies wrt FDs 
an be solved by eliminating subtrees

To restore 
onsisten
y wrt FD , we use the operation eliminate(a)

To eliminate subtrees whose root has address a in T 
orresponds to a
on�i
ting node wrt one or more of the FDs

We eliminate minimal subtrees, then a repair of T is a maximal subtree

T ′ that satis�es FD

The subtrees will have absolute addresses, i.e. their nodes will retain theaddresses they had in T (in order to 
ompare nodes in di�erent repairs)



37

E


E


E


E


T


root


director


name
 movie


Curtiz
 1942


title


2


1


2


year


E


T


citizen


Hungarian


3

E


E


T


1
 2

given
 family
E


T


Michael


1


studio


L.A.


E


E


T


1
 2

company
 location
E


T


Universal


1


E


T


Casablanca


2

E


E


E


T


actor


name


Bogart


given


3


1


2


E


T


gender

1


E


T


Humphrey


2


family


M


E


E


T


movie


title

1


4


E


T


2


1934
The Key


year


E


E


E


T


director


name

movie


Korda
 1943


title


3


1


2


year


E


T


citizen


Hungarian


1
 4


E


E


T


1
 2

given
 family
E


T


Zoltan


1


E


T


Sahara


2

E


E


E


T


actor


name


Bogart


given


3


1


1


E


T


1


2


E


T


Humphrey


2


family


F


E


E


E


T


actor


name


Wengraf


given


1


1


E


T


1


2


E


T


John


2


family


M


3


text
text


text


text
text
text
text


text


text
text


text
text
text


text


text


text
text


text
 text


text


text
 text


text


1
 1


1
 1


1


1
 1


1
 1


1


1
 1
 1
 1
 1
 1


1
 1
 1
 1


gender
 gender


For the AFD (root·director·movie(actor{name → gender}))

Repairs are obtained by applying the operations eliminate([0, 2, 3, 3]) and

eliminate([0, 3, 3, 3]), resp.

(The a
tor nodes that identify Humphrey Bogart as a male and femaleresp.)
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39Consistent Answers

An an answer to a query Q(x) in T is a 
onsistent answer wrt FD if it isan answer to Q in every repair of T wrt FD

For the query Q4(x) : root ·director·movie·actor(x)

AFD (root·director·movie(actor{name → gender})):

The answer is the subtree rooted at [0, 3, 3, 4], the only answer in 
ommonto all repairs



40

E


E


E


E


T


root


director


name
 movie


Curtiz
 1942


title


2


1


2


year


E


T


citizen


Hungarian


3

E


E


T


1
 2

given
 family
E


T


Michael


1


studio


L.A.


E


E


T


1
 2

company
 location
E


T


Universal


1


E


T


Casablanca


2

E


E


E


T


actor


name


Bogart


given


3


1


2


E


T


gender

1


E


T


Humphrey


2


family


M


E


E


T


movie


title

1


4


E


T


2


1934
The Key


year


E


E


E


T


director


name

movie


Korda
 1943


title


3


1


2


year


E


T


citizen


Hungarian


1
 4


E


E


T


1
 2

given
 family
E


T


Zoltan


1


E


T


Sahara


2

E


E


E


T


actor


name


Bogart


given


3


1


1


E


T


1


2


E


T


Humphrey


2


family


F


E


E


E


T


actor


name


Wengraf


given


1


1


E


T


1


2


E


T


John


2


family


M


3


text
text


text


text
text
text
text


text


text
text


text
text
text


text


text


text
text


text
 text


text


text
 text


text


1
 1


1
 1


1


1
 1


1
 1


1


1
 1
 1
 1
 1
 1


1
 1
 1
 1


gender
 gender


↑

E


E


E


E


T


root


director


name
 movie


Curtiz
 1942


title


2


1


2


year


E


T


citizen


Hungarian


3

E


E


T


1
 2

given
 family
E


T


Michael


1


studio


L.A.


E


E


T


1
 2

company
 location
E


T


Universal


1


E


T


Casablanca


2

E


E


E


T


actor


name


Bogart


given


3


1


2


E


T


gender

1


E


T


Humphrey


2


family


M


E


E


T


movie


title

1


4


E


T


2


1934
The Key


year


E


E


E


T


director


name

movie


Korda
 1943


title


3


1


2


year


E


T


citizen


Hungarian


1
 4


E


E


T


1
 2

given
 family
E


T


Zoltan


1


E


T


Sahara


2

E


E


E


T


actor


name


Bogart


given


3


1


1


E


T


1


2


E


T


Humphrey


2


family


F


E


E


E


T


actor


name


Wengraf


given


1


1


E


T


1


2


E


T


John


2


family


M


3


text
text


text


text
text
text
text


text


text
text


text
text
text


text


text


text
text


text
 text


text


text
 text


text


1
 1


1
 1


1


1
 1


1
 1


1


1
 1
 1
 1
 1
 1


1
 1
 1
 1


gender
 gender


↑



41Computing Consistent Answers (Sometimes)We want to 
ompute 
onsistent answers to simple queries by applyingsimple query rewriting algorithms

As in the 
ase of relational sele
tion-free 
onjun
tive queries and FDs,the me
hanism will be based on the synta
ti
 intera
tion between queriesand FDs
From this intera
tion, residues to be appended to the original query areobtained

In some 
ases, query rewriting alone will not su�
e, and a query re
ons-tru
tion pro
ess will also be applied

The need for the extra step will depend upon the relationship betweenthe obje
tive paths of the FDs and the path of the query



42We will basi
ally 
onsider queries that ask for nodes (subtrees) that arerea
hable through a given path

We need the notion of obje
tive path formula asso
iated to the obje
tivepath of an FD:For an AKC (B, {C1, . . . , Cn}): B(x)For an RKC (B, (B′, {C1, . . . , Cn})): B(x) ∧ x·B′(x1)For an AFD (B, {C1, . . . , Cn−1 → Cn}): B(x)For an RFD (B, (B′, {C1, . . . , Cn−1 → Cn})): B(x) ∧ x·B′(x1)Here x, x1 ∈ VAR
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FD :

ϕ1 : (root , (director{movie·title})) (RKC)

ϕ2 : (root ·director·movie·actor{name → gender}) (AFD)Want 
onsistent answers to Q2(x) : root ·director·movie·actor(x)1. Take ea
h of the FDs and write it as a denial 
onstrain
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ϕ1 7→¬∃̄[root(x) ∧ x·director(x1) ∧ x·director(x2) ∧ x1 ·movie·
title =V x2 ·movie·title ∧ x1 6=A x2]

ϕ2 7→¬∃̄[root ·director·movie·actor(x1) ∧ root ·director·movie·
actor(x2) ∧ x1 ·name =V x2 ·name ∧ x1 ·gender 6=V

x2 ·gender]2. Create for ea
h FD its obje
tive path formula:FD obje
tive path obje
tive path formula

ϕ1 root .director root(x) ∧ x·director(x1)
ϕ2 root .director.movie.actor root .director.movie.actor(x)3. Rewrite Q2 to make the variables in the obje
tive path formulasappear in the query

Q′

2
(x2) : root(x) ∧ x.director(x1)∧x1.movie.actor(x2)4. Compute the residues by 
an
elling the obje
tive path formulasfrom the FDs when they appear in the query and leaving the rest(a resolution step)The residues are appended to the original query



45The rewritten query is:
Q′′

2
(x2) : root .(x) ∧ x.director(x1) ∧ x1.movie.actor(x2)∧

¬∃x3(x.director(x3) ∧ x1.movie.title =V x3.movie.title ∧ x1 6=A x3)
∧

¬∃x4(root .director.movie.actor(x4) ∧ x2.name =V x4.name ∧
x2.gender 6=V x4.gender)

This query is posed to the original tree T1 and its only answer is the
onsistent answer to the original query: The subtree rooted at the nodewith address [0, 3, 3, 4]

A query like this 
an be translated into a query written in XQuery andposed to the 
orresponding XML do
ument

No need for a 
omputation of repairs ...



46A Little ProblemIn the previous example the obje
tive paths of the FDs were subpaths ofthe query path
In those 
ases, a rewriting like the one above is good enough

However, when this 
ondition is not satis�ed, an additional step is ne
es-sary

Q3(x) : root ·director(x)

ϕ : (root ·director·movie·actor{name → gender}) (AFD)

There is no way to append a residue in a sensible way

This form of intera
tion between FDs and queries must be treated di�e-rently



471. First, spe
ialize the query to

Q3∗(z) : root ·director·movie·actor(z)whose query path is equal to the obje
tive path of the FD2. Append the residues to Q3∗ as before3. Evaluate the rewritten query Q′

3∗We obtain the subtree with root at the node with address [0, 3, 3, 4]The 
onsistent answer to Q3∗ represents a portion of the 
onsistentanswer to Q34. The 
onsistent answer to Q3∗ is �re
onstru
ted upwards� the XMLtree to obtain the 
onsistent answer to Q3To obtain this answer, all the FDs must be used, whi
h ensures that theanswer re
onstru
ted from the 
onsistent answer to Q3∗ is a 
onsistentanswer to Q3Upwards the XML tree, we have to in
lude nodes that are part of the
onsistent answer to the original query
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In order to obtain a 
onsistent answer to Q3(x) : root .director(x) fromthe 
onsistent answer to Q3∗(z) : root .director.movie.actor(z)We have to restore nodes, like movie to the answer to Q3∗But also 
hild nodes of those re
overed �upwards�1. Not every 
hild 
an be addedIn the example, by adding node movie, and then all a
tors, wemay be adding a
tors that violate some FDs on a
tors2. We also have to 
he
k if the re
onstru
tion pro
ess satis�esthe MSC asso
iated to the FDsFor example, we 
annot add a dire
tor without a name



49We have developed a �
onsistent answer re
onstru
tion� algorithmIt is based on logi
 programs with annotationsAnnotations that are used to dete
t and rea
t to possible semanti
 
on-�i
tsWhi
h determines the nodes and the 
hildren to add to the answer ob-tained after the spe
ialization



50Many Open Issues

Use of other logi
al languages for XML to express FDs and queriesCore XPath? [M. Marx℄Complexity of the re
onstru
tion pro
essPre
ise appli
ation s
ope of the algorithm?It works for some path queries with proje
tion and sele
tion, e.g.

Q8(x) : root.director(y) ∧ y.name(x) ∧ y.movie.year.text =V “1942”More expressive queries?More generally, repairs wrt to arbitrary DTDs that go beyond theMSC asso
iated to the FDsEt
.


