Abstract

In this paper we introduce bag relational algebra with aggregation over a particular
representation of incomplete information called c-tables ([Grah84]). The c-table
representation is an extension of the Codd relational model ([Codd75]) with richer
semantics for null values. The reason c-tables were chosen for our exploration is that they
are the least expressive relational representation of incomplete information over which
relational algebra is closed and can be "well defined" (see [ImLi84]). We justify the need
for duplicate preserving relational algebra over this representation of incomplete
information by introducing aggregation over c-tables with duplicates.

1. Introduction

Many times when information is entered into databases, the values of some of the fields
are left empty for various reasons. In some cases partial information about the blank
fields is available, but existing relational databases don't allow such information to be
processed. Imielinski and Lipski in [ImLi84] were one of the first to propose richer
semantics of null values which allows information about null values to be entered into a
relational database. However their model didn't support duplicate semantics. Later on
some research was done in the area (see [LiWo094]), but no justification for exploring
duplicate semantics for incomplete information was given.

It is our believe that incomplete databases have an important role in the area of
information systems. However, in order to become popular, tools for efficient storage
and retrieval of such information need to be developed. Although the problem of
efficient storage is somewhat solved, it turns out that the problem of querying incomplete
information is intrinsically computationally expensive. This is probably the reason Iittle
work was done in the area of querying incomplete information (see [Grah91], [Reit86],
[YuCh88] and [Lips95]) and no work was done in the area of aggregating over
incomplete information.

In this paper we explore the problem of querying and aggregating incomplete
information. Even though, the time and space complexity of most of the presented
methods is higher then polynomial, we believe the proposed algorithms are feasible in
practice. The reason for our optimism is that in most real world problems the size of the
uncertain information is a small percentage of the total size of the database. Since the
major complexity of the proposed algorithms comes from the size of the uncertain
information, if this information is small, there is hope that the proposed algorithms can be
applied in practice and will run in reasonable space and time.

The major contributions of this paper include:

extending c-tables to have linear conditions

defining duplicate semantics for c-tables

proposing an algorithm for normalizing c-tables

proposing algorithms for calculating bag relational algebra operations over c-
tables

e proposing algorithms for performing aggregation over c-tables



tables with Iocal conditions associated which each tuple and a single global condition
associated with each table (a more detailed overview follows in section 2.1). Horn tables
are a special kind of c-tables, where the conditions that can appear are restricted to horn
clauses.

Imielinski and Lipski ([ImLi84]) have proven that from the above four
representations, relational algebra can be "well defined" only over c-tables. The c-tables

defined in [ImLi84] have local conditions over (R,>,=) (i.e. Boolean expressions with

variables and constants defined over the ordered set R extended with > and =) and no
global conditions. However, to achieve closure over aggregation we will extend the local

conditions to be over (R,> ,=+ )U(S,=,#), where R is the set of real numbers and S is
the set of strings over some finite alphabet. As well, we extend the [ImLi84] definition of
a c-table by adding global conditions (first introduced in [Grah84]). Note that, we don't

explore (Z,>,=,+), where Z is the set of integers because the general problem of deciding
whether a condition over this system is satisfiable is not decidable (see [Mati70]). Also
note that, extending the definition of a c-table with global conditions doesn't add any
expressive power, but allows for a more compact representation.

A good survey of the existing approaches to representing and querying
incomplete information can be found in [Grah91].
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