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Tables and Relations

e Database is a collection of facts. Every row of a table
corresponds to a fact.

EnrolledInCourse

e “Johnis enrolled in Databases” John Databases

e “John is enrolled in Data Mining” John DataMining

e “Jimis enrolled in Databases i Databases
e n-ary relation R(a,: T4, ... ,a, T,)

e a is an attribute of type T, (Boolean, integer, float, string, ...)

e Ris asetof tuples like t = <v,, v,, ..., v.>, every v, is of type T.

* Arelation corresponds to a table and vice versa
e EnrolledinCourse(studentName: string, code: string)
e EnrolledinCourse = { <John, Databases>, <John, DataMining>, <Jim,

Databases> }
N )
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Relations and Predicates

* Predicate is an n-ary Boolean function
e EnrolledinCourse(sn, c): Boolean

e Arelation corresponds to a predicate and vice versa

EnrolledinCourse(John, Databases) =T [predicate]
<=>
<John, Databases> < EnrolledInCourse [relation]




/First Order Predicate Logic
0 FOPL is a language

e Alphabet
e constants (5, “John”, true, 3.1405, ...)
e variables (X, ¥, z, ...)
functional symbols (+, -, *, /, mod, ...)
predicate symbols (=, #, <, >, EnrolledInCourse, ...)
logical connectives (&, v, not, =)
e quantifiers (v, 3)

e Terms (words)
e constants, variables
e functional terms
1*2
“John” + “Lennon”




"FOPL (2)

e Formulae (sentences)

atom predicate
X=5
EnrolledInCourse(y, Databases)
compound predicates (connected by a logical connective)
EnrolledInCourse(y, Databases) & x =5
quantified formulae
Vv X (EnrolledInCourse(Jim, X) = x = Databases)
3y (MasterStudent(y) & EnrolledInCourse(y, Databases))




/Valid Closed Formulae

e Closed formula contains no unbounded variables (not bounded by
quantifiers)

o Validity
e [atomic predicate]

EnrolledinCourse(v, w) is valid < <v, w> € EnrolledInCourse
e [compound predicates ]

conjunction A8 AcB Il AlB ASB.
T

implication T T T
T
F
F
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F F F
F T T
F F T
 [quantified formulae]

Vv X (F(x)) is valid < for all constants v, F(v) is valid

3 x (F(x)) is valid < exists constant v, such that F(v) is valid




"Validity Set for Formulae with Unbounded
Variables

o A formula with unbounded variables is actually a predicate
* Q(X, y) < MasterStudent(x) & EnrolledInCourse(X, y) & y # Databases

» Validity set for a formulae is a set of all tuples that turns the formula
Into true
* VS(Q(x,y)) =
e { <v, w> | MasterStudent(v) & EnrolledInCourse(v, w) & w # Databases } =
e { <John, DataMining> }
e Bounding of new predicate with a formula is called a logical query

e Q(X,Y) :- MasterStudent(x), EnrolledinCourse(X, y), y # Databases.
e Conjunction is usually replaced by comma

e Alogical query corresponds to an SQL query
o SELECT studentName AS x, code ASy INTO Q
e FROM MasterStudent, EnrolledInCourse

-
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e WHERE y # Databases °
Z




Mediator approach and query
rewriting using views
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/I\/Iediator Approach

e Starts by designing a global schema (also called mediated schema)
that serves as a unique entry point on which global queries are
posed by users

e A main issue Is then to specify the relationships, namely semantic
mappings, between the schemas of the data sources and the global
schema

e Based on these mappings, one can answer queries over the global schema
using queries over the data sources

™~




/Semantic Mappings

* S, ..., 5, - local schemas of n pre-existing data sources
e assume each S; is made of a single relation that we denote also S;

 Global schema G ={ G, ..., G, } - global relations
* Goal Is to specify semantic relations between the S; and G;

e Semantic relations examples
° Gl = Sl
e G,=95;US,[union]
e G;=S5,x5S; [join]
more flexible G; 2 S, 20 S,

using containment instead of equality leaves open the possibility for other sources of
providing data about G,

G3 2 p—yes(Sy) [selection]
a global-as-view: global relations are constrained by views of the local relations

e 5, C GG,
O local-as-view: each data source can be specified independently (by owner) of
the other sources of the system e
\ y/




/Semantic Mappings (2)

e General form:  v(S,,....S;) €V'(Gy,...,G,)
e vand V' are views (query expressions)

e Global-As-View (GAV)
* G oVi(Sy, v )

e each V; is a view over the local schemas

e Local-As-View (LAV)
* S cVi(Gy, -, Gy)

e each V; is a view over the global schema




/Conjunctive gueries

e Aconjunctive query  g(xy,.xy ) = Ay(uy ), .., A (g )
® Ai IS an relation, Uq,...,Up are tupies ur vutistaiiw diiu var iavied
e each x; occurs in some u;
* ((Xy,..., X,) IS the head of the query
e A(Uy) ..., A (uy) is the body of the query
e X; are distinguished variables
o other variables are existential

o Answer of g over | is a tuple (v(x,),...,v(X,))
e | isan instance of A,
e v is a valuation of x;, such that for each i, A(v(u;)) holds in |
e (1) is the set of answers

e [nterpretation of a conjunctive query in logical terms

{l’I PR | 3}!1,---,531:”(/11(1?'1 ) AT Ak(!ﬁ: ))}

e Query containment: g’ cq < VI(qg’(l) <q(l))
\




/Query Answering using Mediation

e Suppose an instance | of data sources {S,,...,S.} IS given alongside
with constraints v(S,,..., S,)) €V'(Gy,...,G,)

e The instance J of the global schema {G,,...,G}is not known
e Butisknown  o(I(Sy),...1(S:)) C(J(Gy),.... J(G))

—

2 Given [, an answer to a global query q is a fact g(a) that is true in
any instance J that together with | satisfies the mapping constraint

N =)




/Query Answering using Mediation — Example (I)\
Global Schema:
* MasterStudent(studentName)
Local Schemas:
» S2.Erasmus(student, course, univ) - Erasmus exchange program

e S4.Mundus(program, course) - international master programs
MasterStudent(N) 2 S2.Erasmus(N,C,U), S4.Mundus(P,C)

e | Erasmus Mundus
Jim Databases = Roehampton Communication Databases

John Data Mining TU Varna Technologies

Jane  Architecture Turku Neuroscience  Data Mining

Security Cyber Security
¢ ‘Jl studentName ‘]2 studentName ‘]3 studentName
Jim Jim Jim
John John

L Kate e/




/Query Answering using Mediation — Example (Il) A

e g(x) :- MasterStudent(x)

e <Jim> e q(I)

e <John> e q(l)
o <Jane> ¢ ((I)
o <Kate> ¢ q(I)




/Query Rewriting

2 Problem: rewrite a user query expressed in the mediated schema
Into a query expressed in the source schema

e Given aquery Q in terms of the mediator schema relations, and
descriptions of information sources

e Find a query Q’ that uses only the source relations, such that
e Q< Q(Q’1s contained in Q), and
* QQ’ provides all possible answers to Q given the sources




/Conjunctive Query Homomorphism

* 0;(Xgse-X0), do(Yqs---Y,) - CONjuUNCtive queries

e homomorphism from g, to g, is @ mapping y from the variables
of g, to the variables and constants of g, such that:
o foreach i, w(y;) = X
e for each atom R(u;) in the body of qg,, R(y(u;)) is in the body of q,

e Homomorphism theorem. Let g, and g, be two conjunctive queries.
Then g, < q, iff there exists a homomorphism from g, to g,

e Example

© Qy(Xg,X") T -AL(XX0:X3), Ag(X'1,X5,X3)

(R RRURA

* Ua(YnY'D) - -Au(Y1Y2Y3): Ay '1Y2Y's)
e homomorphism y: w(y;) = x; for each i, w(y';) = x'; and y(y’;) = X3

N )




/Query Containment Algorithm

Input: Two conjunctive queries:

0y(X) 1= 91(Xq)s---,0n(Xp)
d2(Y) - hy(Ye)s s (Yim)

Output: Yes if g, € g,; no otherwise

freeze g,: construct a canonical instance D_,, = {9;(v(x;)) | 1 <i<n}
for some valuation v mapping each variable in g, to a distinct constant

If v(x) € g,(D,,,) return yes else return no

e Combined complexity (database + query) of conjunctive query
containment (and conjunctive query answering) is NP-complete
e PTIME for some classes

e Data complexity (query is fixed) of conjunctive queries is ACO @
- /




/Query Containment Example (1)

* Queries
 y(Xg, X'1) = Ag(Xg Xor X3), Ap(X'y, Xps X3)
® oY1, Y1) 1 - AY1 Yo Ya) A(Y'ns Yar ¥'a)
° (, =(, ??7?

e Intuitively, g, Jjoins A; and A, on the second attribute, whereas
d, also joins on the third one

° Dcan = { Al(a’ b, C)’ AZ(a,D b1 C) }
° V(X,) = a; v(xy) =a; v(x, x')) =<a,a™>
® (y(Dean) = <a,a™>=v(xy, xy)




MawwnHa TbropUHra

e MamwuHa Teropunra i -

000
* andaBuT @, ... Ay
® COCTOSIHUA (; ... Oy, ﬁ
e nBwKeHMS KapeTku R, L, N
® Iporpamma — KOHEUHOE MHOKECTBO KoMana ;3 — O 8j; (R|L | N)

e JlerepMuHUpOBaHHas MalinHa TbrOpUHTA
* VI, ] 3 He GosbIle OMHON KOMaH/IbI, HAYMHAIOIIENCS C (; ;
e Js Ka)X10r0 BXOJia BEIYUCIICHUS] 00pa3yIoT IeMb

e HenerepmuHupoBanHasg MaillviHa ThrOpUHTA
® MOTYT CYILIECTBOBaTh HECKOJIBKO KOMaHJ| C OAMHAKOBOU JIEBOW YACThIO
e JIs KakK0T0 BXOAa BBIUHUCIIEHUS B OOIIIEM ClIydae 00pas3yroT JepeBo

e Eciu malivHa 3aKaH4MBaeT PadOTy XOTsS Obl HAa OJHOM BETBHU — YCIICIITHOE
3aBeplleHuEe padbOThI




/Basics of Complexity

e 3amaua p knacca cioxHoctu P (PTIME)
* BpeMs paOOTHI MTOJIMHOMHUAIBHO 3aBHCHUT OT pa3Mepa BXOJHBIX JaHHBIX
e 3P (x) V d #p(d) <P"(d))
P"— noauHOM cTEeneHu N

d — BXOJHBIC JaHHBIC 3a]1a4U
# p(d) — xouYeCcTBO IIaroB MCIOJHEHUS 3a1a49u P Ha qaHHbIX d Ha JIMT

e P-monnas 3amaya p,
e JltoOas 3amgaua u3 kinacca P cBonutes K P,
® p.— camas CIIO)KHas 3ajada u3 kiacca P (MoxeT ObITh HECKOIIBKO)
e [Ipumep: TMHENHHOE NPOrpaMMUPOBaHKE (HAXOXKAECHUE MUHUMYMa JIMHEHHOU
(YHKIHMU C TUHEWHBIMHA HEPABEHCTBAMU )
e NP-monnas 3agada np,
® BBINOJHUMA 34 OJIMHOMUAIIBHOE BpeMsa Ha HMT

e Kinacc ACO c PTIME

¢ 33,[[3‘1](1, pCaIN3yCMbIC CXCMAMHU U3 (I)YHKHI/IOH&J'IBHBIX AJIEMEHTOB KOHCUYHOU
I‘JIY6I/IHBI 1 IIOJIMHOMMAJIBLHOM CI0KHOCTH

e 3aj/1a4u BBIMOJHUMBI 32 KOHCTAHTHOE BpeMs Ha MTOJTMHOMUAIBLHOM YHCIIe
POIECCOPOB

-

)




Global-as-View Mediation




/GAV Mapping

* R(XpXp) 2 Ag(Ug) oo v Ally)
head body
e U; Is a tuple of variables and constants
e Semantics of the mapping
* FOL(R(Xy,... X)) 2 A(uy) ..., Aluy)) =
VX e Xt (Y1 e Y (A (107 ), Ap (11 ) = R(10)))

° y,,....Y, are of variables occurring in the body of the rule and not its head,
called existential

* Xy,...,X, are called distinguished




/Data Resources (Local Schemas) A

e Sl1.Catalogue(nomuUniv, programme)

» a catalog of teaching programs offered in different French universities
with master programs

e S2.Erasmus(student, course, univ)

* names of European students enrolled in courses at some university
within the Erasmus exchange program

e S3.CampuskFr(student, program, university)

* names of foreign students enrolled in programs of some French
university

e S4.Mundus(program, course)
e course contents of international master programs




/Global Schema

e MasterStudent(studentName)

e University(uniName)

e MasterProgram(title)

» MasterCourse(code)

e EnrolledIn(studentName,title)

» RegisteredTo(studentName, uniName)




/GAV Mappings A
e MasterStudent(N) = S2.Erasmus(N,C,U), S4.Mundus(P,C)
e MasterStudent(N) 2 S3.CampusFr(N,P,U), S4.Mundus(P,C)
e University(U) 2 S1.Catalogue(U,P)

e University(U) 2 S2.Erasmus(N,C,U)

e University(U) 2 S3.CampusFr(N,P,U)

e MasterProgram(T)= S4.Mundus(T,C)

e MasterCourse(C)=2 S4.Mundus(T,C)

e EnrolledIn(N,T) = S2.Erasmus(N,C,U), S4.Mundus(T,C)
e EnrolledIn(N,T) = S3.CampusFr(N,T,U), S4.Mundus(T,C)
e RegisteredTo(N,U) = S3.CampusFr(N,T,U)




/A Query to Global Schema

e g(X) :- RegisteredTo(s, x), MasterStudent(s)
e universities with registered master students

e Rewriting of this query into source queries is obtained by unfolding
(pa3BepreIBanue) - replacing each atom which can be matched with
the head of some view, by the body of the corresponding view
e variable renaming during matching !

e Let q(x) :- Gy(zy),...,G,(z,) be a query and for each I, G;(x;) 2
d:(x:,y;) be a GAV mapping. An unfolding of q is the query obtained
from g by replacing, for each i, each conjunct G;(z)) by d;(v;(x:,y;)
where y; Is a function that maps x; to z;, and the existential
variables y; to new fresh variables
e query q(x) :- F(xy), G(y)

e mappings F(x,y) O S(x,z),S(y,z)  G(x) 2 S(x,y)

e unfoldi
unfolding q(x) == S(x,v1),5(y,v1),5(y,02)

N | )




/Unfolding Example
e g(X) :- RegisteredTo(s, x), MasterStudent(s)

e Mapping whose head can be matched with RegisteredTo(s,X)
e RegisteredTo(N,U) 2 S3.CampusFr(N,T,U)

» Mappings that match MasterStudent(s)
e MasterStudent(N) =2 S2.Erasmus(N,C,U), S4.Mundus(P,C)
e MasterStudent(N) =2 S3.CampusFr(N,P,U), S4.Mundus(P,C)

e Unfoldings
e g1(x) :- S3.CampusFr(s,v1,x), S2.Erasmus(s,v2,v3), S4.Mundus(v4,v2)
e g2(x) :- S3.CampusFr(s,v5,x), S3.CampusFr(s,v6,v7), S4.Mundus(v6,v8)




/Rewritten Query and its Execution A

e g2(x) :- S3.CampusFr(s,v5,x), S3.CampusFr(s,v6,v7), S4.Mundus(v6,v8)
can be simplified

e Replacing S3.CampusFr(s,v5,x), S3.CampusFr(s,v6,v7) by
S3.CampusFr(s,v6,x) leads to an equivalent query

e simplification relies on checking conjunctive query containment

o simplification is done until the query is “minimal”

e the resulting query may be much less expensive to evaluate that the initial one
e Final GAV rewritings

e r1(x) :- S3.CampusFr(s,vl,x), S2.Erasmus(s,v2,v3), S4.Mundus(v4,v2)

e r2(x) :- S3.CampusFr(s,v6,x), S4.Mundus(v6,v8)

e Result - ri(x) ur2(x)

e Result can be optimized using standard query optimization

e Physical query plan that depends on the statistics that are available
and the capabilities of the sources

e r2: querying S3 and then for each value a of v6 (a particular university
program), asking the query g(X) :- S4.Mundus(a, X) to S4

N )




/Correctness of GAV Rewriting

* Proposition. Let S be a set of source relations and G a set of global
relations defined by a set of GAV mappings over S. Consider the

™~

query q(z) :- G;1(zy),-..,Gj(z;,) over G and the set {r,} of unfoldings

of g given . Then for each database instance | over S, ..., S,, the
answer of q Is given by Ur(1).




| ocal-as-View mediation




/LAV Mapping

® S(XpseeXp) € Ag(Ug), A(Uy)
head body

e Semantics of the mapping
VX1, e Xn[S(X1, 00 X0 ) = (3yy, e Y A (101), ..., A (10;)) ]




/Query Rewriting Using Views

* Query Containment: g’ cq < vD q’(D) < q(D)
D is an instance of the database (a set of instances of all relations
contained in the database schema)

 Query Equivalence:q’'=g<q9' cq&qcq’

Given query q and view definitions V = {v,, ..., v}

* @q’is an Equivalent Rewriting of q using V if
— q’refers only to views in V, and
- @ =0q[Expy(q)=q ]

* ' is an Maximally-Contained Rewriting of q using V if
— q’refers only to views in V

- @ cq[Expy(q) cq ]
— There is no rewriting q,, suchthatq’ <q, < qand q, #q’

O Expy(q) — expansion of g w.r.t. V, obtained from g replacing
views with their bodies
)

-




/Rewriting Examples (I)

e Schema
e Student(sid, name, dept)
e Course(cid, title, quarter)
e Take(sid, cid, grade)

e (T, G) :- Student(S, N, ee), Take(S, C, G), Course(C, T, Q).

e ee — constant (electrical engineering)

e Equivalent rewriting
e V,(S,N, D, C, G) :-Student(S, N, D), Take(S, C, G).
e V,(5,C, T):-Take(S, C, G), Course(C, T, Q).
e rewriting(T, G) :- V,(S, N, ee, C, G), V,(5, C, T).
* EXpy,yo(rewriting(T, G)) =
Student(S, N, ee), Take(S, C, G), Take(S, C, G’), Course(C, T, O’).

N )




/Rewriting Examples (II)

e Contained rewriting
e V,(S,N, D, C, G) :-Student(S, N, D), Take(S, C, G).
e V,'(S, C, T) :- Take(S, C, G), Course(C, T, fall2006).
e rewriting(T, G) :- VI(S, N, ee, C, G), V2'(S, C, 1).
° EXpy, o (rewriting(T, G)) =
Student(S, N, ee), Take(S, C, G), Take(S, C, G’), Course(C, T, fall2006).

e No rewriting
e V,'(S, N, D, C) :- Student(S, N, D), Take(S, C, G).
no grade information
e V,(S,C, T):-Take(S, C, G), Course(C, T, Q).




/Global Schema

Student(studentName) University(uniName)
EuropeanStudent(studentName) FrenchUniversity(uniName)
NonEuropeanStudent(studentName) EuropeanUniversity(uniName)

NonEuropeanUniversity(uniName)

EnrolledInProgram(studentName, title)

EnrolledinCourse(studentName, code), ~ Program(title)
RegisteredTo(studentName, uniName) MasterProgram(title)
Course(code)

PartOf(code, title)
OfferedBy(title, uniName)




/LAV Mappings [descriptions of the contents of data sources]

e ml: S1l.Catalogue(U,P)<

e m2: S2.Erasmus(S,C,U) <

Students form the Erasmus source:
European students enrolled in courses
of a given (European) university

that is different from

their home (European) University

in which they remain registered

e m3: S3.CampusFr(S,PU) <

e m4: S4.Mundus(P,C) <

-

FrenchUniversity(U), Program(P),
OfferedBy(P,U), OfferedBy(P’,U),
MasterProgram(P’)

Student(S), EnrolledInCourse(S,C),
PartOf(C,P), OfferedBy(P,U),
EuropeanUniversity(U),
EuropeanUniversity(U’),
RegisteredTo(S,U’), U# U’

NonEuropeanStudent(S), Program(P),

™~

EnrolledInProgram(S,P), OfferedBy(P,U),

FrenchUniversity(U), RegisteredTo(S,U)

MasterProgram(P), OfferedBy(P,U),

OfferedBy(P.U’), EuropeanUniversity(U),

NonEuropeanUniversity(U’), PartOf(C,

v/




/Global Query

MasterStudent(E) :-
Student(E), EnrolledInProgram(E, M), MasterProgram(M).




4 N
ldea of Rewriting (Bucket, Minicon)

o determine the local relations that are relevant to the query
e consider their combinations as candidate rewritings
 verify whether they are indeed correct

The Bucket Algorithm

1. construct for each atom g of the global query body its bucket,
which groups the view atoms from which g can be inferred

2. build a set of candidate rewritings that are obtained by combining
the view atoms of each bucket

3. check whether each candidate rewriting is valid

N )




/Bucket Creation

* g —an atom of the global query

e atoms in bucket(g) are the heads of mappings having in their body
an atom from which g can be inferred

 data comes from source relations, and a (global) query atom is satisfied by
(local) data only if it can be matched to a (global) atom in the body of a
mapping whose head can be matched to source facts

e a match between g and an atom in the body of a mapping is an indication that
the corresponding data source provides a relevant information for the query
e aview atom v e bucket(g) only if an atom in the body of v can be
matched with g by a variable mapping such that the variables
mapped to the distinguished variables of g are
also distinguished variables in the view defining the mapping




"Bucket Creation Example

e Global query
e ((x) :- RegisteredTo(s, x), EnrolledInProgram(s, p), MasterProgram(p)

e Global query atom
e g = RegisteredTo(s, X)
X is distinguished
e Mappings in which a body atom can be matched to RegisteredTo(s,
X): m2 and m3

e m3: S3.CampusFr(S, P, U) £ NonEuropeanStudent(S), Program(P),
EnrolledInProgram(S, P), OfferedBy(P, U), FrenchUniversity(U),
RegisteredTo(S, U)

RegisteredTo(s, x) matches RegisteredTo(S, U) with the variable mapping {S/s,U/x}
U is distinguished in the view

e m2: S2.Erasmus(S,C,U)<  Student(S), EnrolledInCourse(S,C),
PartOf(C,P), OfferedBy(P,U), EuropeanUniversity(U),
EuropeanUniversity(U’), RegisteredTo(S,U°), U# U’

RegisteredTo(s,x) matches RegisteredTo(S, U’) by the variable mapping {S/s,U"/x}
U’is existentially quantified in the view

S2.Erasmus(S,C,U) & bucket(g)

e bucket(ReqgisteredTo(s, x)) = {S3.CampusFr(s, v1, X
% (Reg (s, X)) ={ puskr( )} @/




/Bucket Algorithm

Input: An atom g = G(u,,...,u.,) of the query g and a set of LAV mappings
Output: The set of view atoms from which g can be inferred

(1) Bucket(g) := @

(2) for each LAV mapping S(x) < p(X, y)

(3) if there exists in p(x,y) an atom G(z,, ..., Z,) such that

(4) Z; 1s distinguished for each i such that u; is distinguished in q;
(5) let w the variable mapping {z,/u,, ...., z,/u_}

(6) extended by mapping the head variables in x not

(7) appearing in {z,,...,z,} to new fresh variables;

(8) add S(w(x)) to Bucket(qg)
(9) return Bucket(g)

™~




/Logical Characterization of the View Atoms in the
Buckets
Proposition. Let G(uy,...,u;) be an atom of the global query. Let u be

the (possibly empty) subset of existential variables in {u,,...,u_}.
Let m: S(X) < q(X, y) be a LAV mapping. Then

S(v), FOL(m) E 3 u G(uy,...,u.)

Iff there exists a view atom in Bucket(G) that is equal to S(v) (up to a
renaming of the fresh variables).

Example.
S3.CampusFr(s, v1, X) &

V'S, P, U (S3.CampusFr(S, P, U) = NonEuropeanStudent(S) &
Program(P) & EnrolledinProgram(S, P) & OfferedBy(P, U) &
FrenchUniversity(U) & RegisteredTo(S, U) )

-

™~

£ 7S RegisteredTo(s, X) e
Z




Candidate Rewritings

e Buckets

RegisteredTo(s,x) EnrolledinProgram(s,p) | MasterProgram(p)

S1.Catalogue(v3,v4)

S3.CampusFr(s,v1,x) S3.CampusFr(s,p,v2) S4.Mundus(p,v5)

e Candidate rewritings of the initial global query are then obtained by
combining the view atoms of each bucket
e r1(x) :- S3.CampusFr(s,vl,x), S3.CampusFr(s,p,v2), S1.Catalogue(v3,v4)
e r2(x) :- S3.CampusFr(s,v1,x), S3.CampusFr(s,p,v2), S4.Mundus(p,v5)




/Candidate Rewritings Validity A

e Expanding r1, r2 (replacing view heads by view bodies)

e Exp ri(x) :- NonEuropeanStudent(s), Program(vl), EnrolledinProgram(s,vl),
OfferedBy(v1,x), FrenchUniversity(x), RegisteredTo(s,x), Program(p),
EnrolledInProgram(s,p), OfferedBy(p,v2), FrenchUniversity(v2),
RegisteredTo(s,v2), FrenchUniversity(v3), Program(v4),0fferedBy(v4,v3),
OfferedBy(v5,v3), MasterProgram(vs)

e new existential variables may be introduced by the expansion of some view
atoms
S1.Catalogue(v3,v4) contains the existential variable P’ in the LAV

e such variables are renamed with new fresh variables to avoid unnecessary
constraints between the variables

V5
e riisvalid 1f Exp_ri(x) < q(x) [query containment]
e rlisnot valid
e r2isvalid

-




