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The paper Structure and Complexity of Bag Consistency
by Albert Atserias and Phokion Kolaitis [1] studies fundamental structural and algorithmic questions on the global
consistency of databases in the context of bag semantics. A
collection D of relations is called globally consistent if there
is a (so-called “universal”) relation over all the attributes
that appear in all the relations of D whose projections yield
the relations in D. The basic algorithmic problem for consistency is: given a database D, determine whether D is globally consistent. An obvious necessary condition for global
consistency is local (or pairwise) consistency: every pair of
relations in D must be consistent. This condition is not sufficient however: It is possible that every pair is consistent,
but there is no single global relation over all the attributes
whose projections yield the relations in D. A natural structural question is: Which database schemas have the property that every locally consistent database over the schema
is also globally consistent?
These questions were studied early on, as the theory of relational databases was being developed, in a model where relations are assumed to be sets, i.e. have no duplicate tuples.
On the structural side, it was shown that the class of acyclic
database schemas characterizes precisely those schemas for
which local consistency is equivalent to global consistency
[2]. On the algorithmic side, the global consistency problem
was shown to be in general NP-complete [5]. If the database
schema is acyclic however, the consistency problem can be
solved in polynomial time.
The paper [1] by Atserias and Kolaitis addresses these
basic questions in the model where the relations are bags
(multisets). The relationship between the set-based and the
bag-based model is by no means straightforward, and results may not necessarily carry over from one model to the
other. For example, the classical problem of containment
of conjunctive queries has been long well-understood in the
set model (the problem is NP-complete [3]). However, the
problem appears to be much harder in the bag model, and
it is still not even known to be decidable; this discrepancy
was pointed out in [4], which raised the issue of revisiting
fundamental problems of database theory in the bag model.
Regarding the structural question of when local consistency is equivalent to global consistency, [1] shows that the
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same characterization holds in the bag model, i.e. the localto-global consistency property holds precisely for the class
of acyclic schemas. The proof however requires several new
ideas and techniques (including linear programming and network flows) because some basic features of the set model do
not hold any more in the bag model. For example, in the
set model, if the database is consistent, then the join of all
the relations can serve as the universal relation (i.e. its projections yield the relations of the database). This does not
hold in the bag model even for two relations.
Regarding the algorithmic question of determining whether
a given database is consistent, [1] provides a sharp dichotomy
theorem for all fixed database schemas in the bag model: if
the schema is acyclic then the problem can be solved in
polynomial time, whereas if it is cyclic then the problem is
NP-complete. The NP-completeness holds for example even
for a schema with 3 relations and 3 attributes. Note, by
contrast, that in the set model, if the schema is fixed, then
the consistency problem can be solved trivially in polynomial time (even if the schema is cyclic), where the degree of
the polynomial depends on the schema.
The paper addresses fundamental consistency questions
in the bag model and resolves them exactly using nontrivial, elegant techniques. The relationship between local and
global consistency arises in a variety of other settings, for
example for probability distributions, and in quantum information. In the last section of their paper, Atserias and
Kolaitis discuss a general model of relations over semirings,
which includes as special cases the set and the bag model,
and provide a preview of interesting forthcoming work on the
local-to-global consistency problem in this general setting.
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