Answering Queries Using Views:
Logic-Based Approach
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Logic-based approach

Often used 1n data integration
Focuses on finding as many answers as possible

Bucket-based algorithms

— Levy et al. “Querying Haterogeneous Information Sources
Uzing Source Descniphons.” FLDE, 1996

— Pottinger and Levy. “A Scalable Alzorthm for Answering
Quenes Using Views" FLDE, 2000

— Mifra. “An Algonthm for Answering Quenies Efficiently Uszing
Views." ADEC, 2001

Inverse-rules algorithm

— Duschka ot al. “Recursive Query Plans for Data Integration.”
Jouwrnal af Logic Programming, 200 :

Brute-force algorithm

* 0 aCQ to be answered
« IV, V. ...- views (also defined as CQ)'s)
« To find a rewniting of O using F's
— Try each possible join of F's as a rewriting for
— Expand all ¥;'s 1n the join (that 15, replace each F; by
its definition)
— Test if the expanszion (also a CQ)) 13 contained 1n {J
— (2 1z rewritten as a union of these rewritings

#Too many possibilities to explore

Expanding a rewrifing

« Example
— View: grandparent( X Z) :- parent{ X ¥), parent(¥, Z)
— Rewriting of a query: g-g-g-grandparent{ ¥ £)
grandparent(X, ), grandparent(}, Z)
— Expanszion: g-g-g-grandparent{ X’ Z) :-
parent(Y, ¥,). parent(¥, F),
parent( ¥, ¥,), parent(},, £)
» Watch the use of variables

— Use the query variables for the head of the views

— Make sure variables “local” to different views do not
clash with each other
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Bucket algorithm

» Remember there should be a containing mapping from O
to a rewriting (with views expanded)

— Each subgoal of () must be covered by some view m the
rewriting; that 15, the query subgoal must map to some subgoal
1N 50me VIewW

— A distinguizhed vanable {one that appears mn the head of a ruls)
m () must map to a dishinzmszhed vanable m some view

— For a shared vanable X {one that appears more than once in the
body of a rule; 1.2, needed for jomn) m O, erther

» Xmaps to 2 distinsuiskad variabls in some view, or
= All guery subzoals imvalving X map to subzeals of 2 singls view

Examples (stide 1)

RenTiting FLE, 1) F(..T_.)

-

Expansion P W), g(F, 2, .-1;E,l', T,-
Query O(D, E) - rid. B)
= A 15 not distinguished, and not shared

— A can map to £ 1n the expanszion of I (not distinzuished)
= B is not distinguished, but shared

— Grven the A mappmng, B should map to ¥ i F (diztimgmshed)

— Other occurrences of B can map to distinguished varablez m
some other view (zav Fin I7)
g




Examples (tide 2)

RanTiting X T
Expanzion X, ﬁ%}} i
Quary (D, E} - (4, B) 5B, C)

= A 1z not distinguished, and not shared

— A can map to W 1n the expan=zion of I (not dishnzmshead)
= B 1z not distinguished, but shared

— Gaven the A mapping, B 15 forced to 2 (not distmgmshed)

— The other occcurrence of B now has no place to go!
» I"has no r subgoal
» Angther view expansion would not kavs £ 23 2 variabls

Examples (stide 3)
R anTiting .. HED
Expansion p;’r:_:ﬂ}.th.%z:;\\q
Query  O(D.E) - ...R\E-:?-.s:u . B0

= A 15 not distinguished, and not shared
— A can map to ¥ 1 the expan=zion of I (not distinzmished)
= B 15 not distinguished, but shared
— Grven the A mappme, B 15 forced to 2 (not distimgmizshed)
— This mapping also happens to work out for the other

cocurrence of B

— 5o B 15 completely “covered” by I7

Examples (stide 4)
RanTiting OX- .. RWLE
Exparsion I z:LL ). “W_;
Query O(4. I - ...\%ﬁ‘m gD

» A4 15 distinguished
— Then A4 must map to a distinguished vanable in a view
EXpPANIIcN
— Otherwise the target variable cannot appear in the
head of the rewriting

Buckets tige 1y

One bucket for each subgoal p(4,, ..., 4, ) of O

» For each view I, check each subgoal of the form
P, ... X)mV
* Put this view subgoal into the bucket 1f
— There 13 amapping from 4. ..., 4 to X, ..., X (the
only reason there might not be 13 if there were
duplicate cccurrences among the A4;'s)
— If 4; 13 distinguished or shared in {, then X iz
distinguished in F
#Intmtion: I covers this query subgoal

Buckets (stide 2y

One bucket for each shared variable B n O
* Let =5  be the set of subgoals in O contaiming B

+ For each view F, check each possible subset <73
of the subgoals 1n 7 such that there 15 a
contamment mapping from <7 g to <7

#Intmition: I covers all query subgoals contamming B

« Put 7, into the bucket 1f

— The containment mapping maps all dishinguished
variables i {J to distinguizhed vanables mn P

Example of filling buckets (tide 1)

» Views
— grandparent{ X, ¥) :- parent( X £), parent(Z, F)
— great-grandparent( L7 F) :-
parent( L”, 5), parent(s, I'), parent{T, )
* Query
— query(4, 5) -
parent(d. C), parent(C, 1)), parent{D, E),
parent(E, F), patent(F, G), parent(G. 3)
* Buckets
— 6 buckets for 6 query subgoals

— 5 buckets for 5 shared vaniables (C, D, E F,. G) o




Example of filling buckets (stidge 2)

grandparent(X; I :- parent(X, Z). parent{Z, T)
great-grandparent(L’, F) :- parent(L, 5}, parent(5, T), parent(T, F)
quary(4, B) :- parent(d, C), parent(C, IV}, parent(D), E),
parent(E, F), parent(F, G), parent(G, B)
» Consider the bucket for parent{d, C)
— A 15 distinguished and C iz sharad
— Mo view subgoal has two distingmshed vanablas
— 3o the bucket 15 empty
= Consider the bucket for parent{C, I
— Both C and I} are shared
— 5o the bucket 13 empty

= Similarly, buckets for other query subgoals are El:t:|p1:5|-'jl

Example of filling buckets (tidge 3)

grandparent( X, I} :- parent( X, Z). parent{Z )
great-grandparent(L’, V) :- parent(T, 5), parent(s, T}, parent(T, I)
query(d, B) :- parent(d, C), parent(C, 1)), parent(D, E),
parent(E, I}, parent(F, z), parent(G, B)
» Consider the bucket for C

— Need to find a containment mapping from
{ parent{d. C), parent{C. ) } to view subgoals
— For grandparent view, we have
* { parent( X, Z), parent(Z, ¥} }
— For great-grandparent view, we have
* { parent(L’, §), parent{5; I} }
» What about { parent{5, T), parent(T, I) }7 o

Example of filling buckets (tide 9)

sTandparent X I} :- parent(X, Z), parent{Z, T)
sreat-grandparent{’, F) :- parent(L”, &), parent(S, I, parent(T, )
querv(d, B) :- parent(d, C), parent(C, IJ), parant{I} E),
parent(E. F), parent(F, G), parent(, B}
* Consider the bucket for D

— Need to find a contamnment mapping from
i parent(C, 1), parent(D, K) } to view subgoals
— For grandparent view, we have
* { parent(X, £), parent(Z, ¥) }
— For great-grandparent view, we have
* { parent(l’, 5), parent§, T} }
* { parent($, T), parent(T, F) } 13

Intuition behind buckets

= Content of a bucket describes all possible ways of using
a view to “cover this particular subgoal or shared
variable in the query
* Choose views to cover all subgoals and all shared
variables in the query; join views to form a rewntbng
— Contents of the buckets help narrow down the choices
considerably
# Ornzmal bucket alzonthm did consider how shared vanables
should be mapped
* The vnion of all rewritings formed this way gives a
maximally-contained rewriting of the query (assuming
no built-in predicates in the query)
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Example of generating rewritings (stide 1)

zrandparent{ X, ¥} :- parent(X, Z), parent(Z, T)

graat-grandparent(L’, F) :- parent{L’, 5}, parent(S, T}, parent(T, F)

querv(4d, B) :- parent(d, C), parent(C, IJ), parant(I} E),
parentiE, F), parent(F, ), parent(G, B)

» Subgoal buckets are all empty
» Shared-variable buckets
- C: {12} — {1, 2} mpgp. {1.2} ingep
—D: 2.3y = {1, 2V ingp, {1, 2}, {2. 3} in gzp
— B {3, 4} —= {12} mgp, {1, 2}, {2,3} mnpep
—F- {4, 5} —{1,2} m gp, {1, 2}, {2,3} in pEp
-G {5,6} —{1,2}ingp {2 1} inpgep

Example of generating rewritings (stide 2)

srandparent( X ¥) :- parent(X, Z), parent(Z, T)

great-grandparent(L’, F) :- parent(L’, 5), parent($, T}, parent(T, I)

query(d, E) :- parent(d, C), parent(C, IJ), parent(D, E),
parent(E. F), parent(F, (), parent((, B}

= Choose
—C:{L2} = {l. 2} mep
—E{3,4y>={1.2Ymgp
- {36} —={l,2}mgp
= All query subgoals are covered
= The other shared variables fortunately map to
diztinguished vanables i gp
» query(4. B) - gp(4, D), gp(D. 7). gp(F. B)




