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Abstract

This work summarizes the salient aspects of our recent work [1], about combining collective entity resolution and repairing.
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Data quality (DQ) is one of the most fundamental prob-
lems in data management, encompassing several issues
such as entity resolution (ER), consistency, completeness,
currency, etc. The different facets of DQ have mostly
been considered in isolation, giving rise to increasingly
sophisticated methods over the years. However, datasets
can be expected to suffer from multiple DQ issues.

In our work, we propose a novel declarative framework
for jointly tackling the ER and the consistency issues. The
ER task is the problem of identifying/matching/merg-
ing pairs of syntactically different entity references (con-
stants occurring in a database) that are actually denoting
the same real-world entity [2]. We consider so-called
collective ER [3], in which we consider multiple tables
and/or entity types together, e.g. a merge of a pair of au-
thors may trigger a subsequent merge of a pair of papers.
As regards data consistency, we assume that the consis-
tency requirements are specified by means of declarative
constraints, and we consider the problem of restoring
consistency through the removal of conflicting database
facts, as in classical database repairing [4].

The idea of combining ER and repairing has been pio-
neered in [5], with the goal of generating a single repair
of optimal cost. On the contrary, to the best of our knowl-
edge, ours is the first work to explore the computational
properties of reasoning over a space of alternative solu-
tions for the combined task, analogously to how consis-
tent query answering reasons over alternative repairs [6].

Our framework, called REPLACE, builds upon the re-
cently proposed LAck framework [7], employing hard
and soft rules to define mandatory and possible merges
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of constants and adopting the well-known class of de-
nial constraints [8], which generalize the conditional FDs
considered in [5], to express consistency requirements.
A hard rule takes the form ¢(z,y) = EqO(z,y), where
q(z,y) is a conjunctive query (CQ) composed by standard
relational atoms and atoms using similarity predicates
(=), and EqO is a special symbol used to store merges.
Intuitively, such a rule states that (c1, c2) being an an-
swer to g provides sufficient conditions for concluding
that ¢1 and ¢z refer to the same entity. Soft rules have
a similar form q(z,y) --+ EqO(z, y), but state instead
that (c1, c2) being an answer to g provides reasonable
evidence for ¢; and c2 denoting the same entity.

Definition 1. A DQ specification takes the form ¥ =
(T', A), whereI' =T, UT; is a finite set of hard and soft
rules, and A is a finite set of denial constraints.

The semantics of REPLACE is based on the notion of
(optimal) solutions to database-specification pairs (D, ).
More specifically, a solution for a pair (D, ) takes the
form of a pair W = (R, E), where R is a subset of D and
E is an equivalence relation over the constants appearing
in the database D' = D \ R. Intuitively, R indicates the
facts to remove from D while E expresses the constants
to merge, i.e. all constants from the same equivalence
class are deemed to be references to the same entity.

Formally, a pair W = (R, E) is a solution to a
database-specification pair (D, X) if R C D and E is an
ER solution to (D \ R, Y) in the sense of [7]. We recall
that in the latter work ER solutions are build ‘dynami-
cally’, which means that (soft and hard) rule bodies are
evaluated on induced databases resulting from applying
the already ‘derived’ merges.

Example 1. Consider Figure 1. First note that Dex - 01
as both a3 and a4 are chairs of KR-12. Notice, however, that
a3 and a4 can be merged due to o1, which resolves the in-
consistency. So we obtain a first solution W1 = (R, E1),
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Author(aid, email, inst)

Paper(pid, title, fid, year, venue, cid)

aid email inst pid title fid | year | venue | cid
a1 | wtaka@gm.com | Tokyo p1 Computational Complexity of CQA ai | 2009 | IJCAI | a3
as wtaka@tku.jp Tokyo P2 CQA: Computational Complexity as | 2009 1JCAI a3
as mnk@ox.uk NYU p3 A Framework for Collective ER ai 2010 | AAAI as
a4 mnk@gm.com NYU P4 Answering CQ over DL Ontologies as 2012 KR as

p5 Al Techniques for Data Management | az | 2012 KR aq

01 =—(3p,t, f,y,v,¢,p', ', f', ¢ Paper(p, t, f,y,v, c) A Paper(p’, ¢, f',y,v,c) A c # ')

d2 = —(3p, t,a,y,v. Paper(p, t,a,y,v,a))

p1 = Paper(z,t,f,y,v, c) A Paper(y,t', f,y,v, c) At & t' = EqO(z, y)
o1 = Author(z, e, ) A Author(y, e’,i) Ae = e --» EqO(z, y)

Figure 1: Database Dex and DQ specification Xex = (Tex, Aex) With Tex = {p1, 01} and Aex = {81, 52}. The extension
of the similarity predicate & (restricted to the constants in Dex) is the symmetric and reflexive closure of {(e1, e2), (e3, ea),
(t1, t2)}, where e; and t; are the email of author a; and title of paper p;, respectively. The attributes fid and cid indicate,
respectively, the first author of the paper and the chair of the conference (pair (venue,year)), respectively.

where Ry = () and F is the equivalence relation induced
by {(as,a4)}. Constants a1 and az can also be merged
due to o1. However, if we merge them, then the resulting
database is such that: (i) 02 is violated because the first au-
thor of paper ps is the chair of the conference where ps was
published, and (ii) p1 and p> must be merged due to p;.
So we have a second solution Wa = (Rz2, E2), where Ra
contains the tuples with pid p3 and E is the equivalence
relation induced by {(a1, a2), (a3, a4), (p1,p2)}-

Among all the solutions, it is natural to focus only
on the ‘best’ ones, i.e. those maximizing the merges per-
formed and minimizing the facts removed. These two
criteria may conflict, as deleting more facts may enable
more merges. We thus consider three natural ways to
compare solutions: give priority to the maximization
of merges (MER), give priority to the minimization of
deletions (DEL), or adopt the Pareto principle and ac-
cord equal priority to both criteria (PAR). Specifically, the
preorders <mex, <pr, and <pax are defined as follows:

« (R, E) <mm (R, E') iff either (i) E C E’ or (ii)
ECFE and R C R;

« (R,E) <pw (R, E') iff either (i) R' C R or (ii)
R CRand E C E;

« (R,E) <pax (R',E’) iff either (i) E C E’ and
R CRor(ij) R C Rand E C F'.

For X € {MER, DEL,PaR}, a solution W for (D, X) is
an = x -optimal solution for (D, X) if there is no solution
W' for (D,X) such that W <x W', and denote by
Solx (D, X) the set of < x-optimal solutions for (D, X).

Example 2. Recall Example 1. We have that Sol =
{WQ}, SO|DE,_ = {Wl}, and SolpAR = {Wl, WQ}.

As there may be many optimal solutions, we adopt the
notions of possible and certain query answers to reason

about alternative solutions. For X € {MER, DEL, PAR},
we say that a tuple € is an X -certain answer (resp. X -
possible answer) to a query g w.r.t. (D, X) if ¢ is an an-
swer to ¢ in every (resp. some) X -optimal solution. We
use X-certAns(q, D,¥) and X-possAns(q, D, X)) for
the sets of X -certain and X -brave answers. We further
introduce the novel notions of most informative possi-
ble and certain answers (X -MlpossAns(q, D, Y) and X-
MicertAns(q, D, X)), which take the form of tuples of
sets of constants. Most informative answers offer a more
compact presentation of query results, avoiding the out-
put of distinct but equivalent tuples. In our running ex-
ample, this would mean returning ({as, a4 }) rather than
both (a3) and (as) when querying for chair of KR-12.
We refer readers to the full paper for formal definitions.

Aside from introducing the new framework, we out-
lined the precise data complexity of the following tasks:

« X-MaxREc: decide whether W € Solx (D, X);

« X-CERTANS (resp. X-PossANs): decide whether
¢ € X-certAns(q,D,X) (resp. ¢ € X-
possAns(q, D, X));

« X-MICERTANS (resp. X-MIPossANs): decide
whether a tuple of sets of constants C is such
that C' € X-MlcertAns(q, D, ) (resp. C' € X-
MlpossAns(q, D, X)).

In future work, we plan to develop a prototype imple-
mentation of REPLACE based on logic-based technologies,
such as answer set programming (ASP). Most informa-
tive certain answers will require special treatment, due
to their DP> complexity, which goes beyond what is sup-
ported by ASP. It would also be relevant to integrate
similarity measures defined via machine learning pred-
icates, in the style of [9], and to allow for both global
merges (the ones considered here) and local merges (suit-
able when merging values rather than references), as has
been recently considered in [10, 11].
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