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Abstract. One important characteristic of distributed database man-
agement systems (DBMS) is that due to network or machine failure the
environment may become partitioned into sub-environments that cannot
communicate with each other. However, there are various application ar-
eas where the individual sub-environments should remain operable even
in such situations [2, 5]. In particular queries to the database should be
processed in an appropriate way [4].

To this end, the final and all intermediate results of queries in distributed
DBMS must be regarded as potentially vague or incomplete. As a conse-
quence, we have to deal with vague values and vague collections during
query processing. Whereas vague values have been addressed in various
papers dealing with null values in the relational context [1, 3], vague col-
lections stemming from inaccessibility represent a novel research topic.
In this work we present suitable representations for vague sets, vague
multisets and vague lists as well as appropriate adaptations of the usual
query language operators for these representations.

Our representation for vague sets consists of an enumerating and a de-
scriptive part: The enumerating part in turn consists (1) of the explicit
part of a lower bound of the desired set and (2) the explicit part of an
upper bound of the desired set. Elements in (1) are known to be surely
contained in the desired query result while elements in (2) may be in the
query result. The descriptive part is a three-valued logical predicate spec-
ifying the missing elements of the vague set. These elements complete the
enumerating parts to actual bounds.

The descriptive part can be employed to check for potential candidates if
they belonged to the desired query result. This is applicable, because in
the case of inaccessibility not only inaccessible elements can be missing
in the result of a query, but also accessible elements that could not be
reached by the normal query evaluation. An example for such a situa-
tion may arise when we want to traverse a path built by a multi-step
relationship which is disconnected due to inaccessibility.

The adaptations of the query operators to vague sets define the explicit
parts of the vague result set as well as the descriptive part. This way
we implicitly define how the descriptive part of the result of a query can
be calculated. Furthermore the adaptations of the operators employ the
descriptive parts of the operands to revise their enumerating parts during

query processing. By that way our approach can significantly improve the
correctness of the vague result set.


http://wvw.informatik.uni-siegen.de/pi
https://haaselhenrich}Ginformatik.uni-siegen.de

When we are concerned with vague multisets, there are not only missing
elements, but also the number of occurrences of enumerated elements
can be vague. In our approach the first kind of vagueness is dealt with
quite analogously to vague sets, while the second kind of vagueness is
treated as follows: the number of occurrences of each individual element
is represented by a set of possible numbers of occurrences instead of a
single number. The adapted query language operators have to combine
these vague occurrences when computing a vague result multiset.

Vague lists are more complicated, because when sorting a vague set or a
vague multiset, even the arising order can be vague. Our approach com-
prises an adequate representation for vague lists, too. Our representation
of vague lists minimizes the vagueness in the order of the list by enforc-
ing the typical requirements for an order such as irreflexivity, transitivity
and trichotomy. The vagueness concerning the uncertain membership of
elements of the vague lists is dealt with analogously to vague sets and
vague multisets.

Additionally we consider vague aggregate functions. In the case of in-
accessibility the evaluation of an aggregate function must also be done
three-valued resulting in a set of possible aggregate values. In general this
evaluation can cause considerable efficiency problems. To overcome these
problems, we identify two special classes of aggregate functions, that can
be computed efficiently even in the case of vagueness; these classes are
called set-monotone aggregations and element-monotone aggregations.
Finally we describe how our hybrid representations for vague collections
can serve as the basis for the implementation of a query language for a
distributed database.

Compared to other approaches — e.g. in the field of null values — the
main contribution of our approach is the use of a descriptive part which
describes and restricts the missing elements in a vague collection. This
descriptive part can be employed in various situations to improve the
enumerating parts of the query result.
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