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Abstract

When responding to queries, humans often vol-
unteer additional information about their an-
swers. Among other things, they may qualify
the answer as to its reliability, and they may
provide some abstract characterization of the
answer. This paper describes a user interface to
relational databases that similarly annotates its
answers with their properties. The process as-
sumes that various assertions about properties
of the data have been stored in the database
(meta-information). These assertions are then
used to infer properties of each answer provided
by the system (meta-answers). Meta-answers
are offered to users along with each answer is-
sued, and help them to assess the value and
meaning of the information that they receive.

1 Introduction

Given a query, a typical database system is con-
cerned only with answering it correctly and ef-
ficiently. In contrast, when responding to sim-
ilar queries, humans often volunteer additional
information about their answers. Among other
things, they may qualify the answer as to its
reliability, and they may provide some abstract
characterization of the answer.

As a simple example, consider an inquiry
about bookstores in Washington. After list-
ing several bookstores, the person answering the
question might add comments such as:
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o “This list is perfect, trust me”.

e “There might be some other bookstores of
which I am not aware”.

¢ “I am confident about all these bookstores,
except the last one, which might have been
converted to a video boutique”.

e “All these bookstores are located south of
M Street”.

¢ “These bookstores include all those that
are located in Georgetown”.

The first statement grants assurance that the
answer is both sound (all information provided
is accurate) and complete (there are no other
bookstores in Washington). The second state-
ment states that the answer may be incomplete,
while the third statement limits its soundness to
all but the last item. The fourth and the fifth
statements provide useful characterizations of
the answer. Clearly, such characterizations and
“quality assurances” are often very valuable to
the recipient of the information.

We refer to the various statements about the
answer as properties of the answer. In this ar-
ticle, we describe a user interface to relational
databases that similarly annotates its answers
with their properties. The process does not
involve any “understanding” or “intelligence”.
Basically, it assumes that various assertions
about properties of the data have been stored
in the database (meta-information). These as-
sertions are then used to infer properties of each
answer provided by the system (meta-answers).
Meta-answers are offered to the user along with
each answer issued.
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The system that we describe is based on ear-
lier theoretical results described mostly in [2]
and [3]. We review some of those results, and
then briefly describe a prototype system that
has been completed recently.

2 Deriving Meta-Answers

As mentioned in the introduction, in the course
of human conversation one may provide various
kinds of statements about one’s answer. Our
approach is independent of the kinds of state-
ments involved.

A propertyis any label that can be attached to
a database view. Several examples of properties
are discussed below. A view known to include
all pertinent information would be tagged with
the property complete. Similarly, a view known
to include only information that has been veri-
fied would be tagged with the property sound.
A view that a particular user, say Smith, is
allowed to access would be tagged with the
property access/Smith. Consider the integrity
constraint o(z1,...,z,) = B(z1,...,2,). It
may be stated as {(z1,...,2z5) | @(Z1,...,2Zp) A
-B(z1,...,20)} = 0. Thus, integrity con-
straints may be stated as views that are tagged
with the property empty. Properties such as
soundness and completeness may be refined to
include the name of the party providing the
guarantee, or timestamps indicating the date on
which the guarantee was provided, or when it
might expire. Properties describing access per-
missions may be refined to include the kind of
access: read, write, etc.

Formally, we assume a set of properties P,
a set of view definitions V, and a set of pairs
(v,p), each asserting that view v has property
p. A view with a property will be referred to as
a property view.

Given a query @, we would like to discover
the properties that are applicable to its answer;
e.g., is the answer sound? is it complete? does
it satisfy any constraints? Moreover, we would
like to discover properties that are applicable
to views of the answer; e.g., which part of the
answer is sound? which part is complete?
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This inference problem was defined in {2, 3],
where an algebraic approach was advocated. All
views and queries are assumed to be express-
ible as conjunctive relational calculus expres-
sions (or, alternatively, as relational algebra ex-
pressions with product, projection, and selec-
tion with conjunctive predicates). We review
this approach below.

For each database relation R, a meta-relation
R' is defined, whose scheme is identical to
the scheme of R. The definitions of property
views are then stored as tuples in these meta-
relations, in a representation that recalls the
representation of QBE [4] queries in skeleton ta-
bles. Hence, every database has a structurally
identical counterpart, called the meta-database,
which stores properties of the database.

The relational algebra operations of selection,
projection and product are then extended to op-
erate on the meta-database. When a query is
presented to the database system it is performed
both on the actual database, resulting in an an-
swer (a relation), and on the meta-database, re-
sulting in a meta-answer (a meta-relation). The
meta-answer defines views of the answer that
possess particular properties. This approach is
illustrated by the commutative diagram shown
below. The horizontal lines describe the rela-
tionships between meta-relations and relations,
and the vertical lines describe query processing
and meta-processing.

R R
Q' Q
A A

To illustrate the representation, assume a
simple bibliographic database with the follow-
ing scheme:

ARTICLE = (TITLE, AUTHOR, JOURNAL,
YEAR, PAGES)
JOURNAL = (NAME, PUBLISHER)
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Let ARTICLE’ and JOURNAL’ denote the corre-
sponding meta-relations. Consider this view

on the title and author of articles published in
ACM journals:

{a1, a2 | (351)(3b2)(3b3)
(a1,az,b1,b2,b3) € ARTICLE
A (b1, ACM) € JOURNAL}

This view is represented by two meta-tuples:

(*7 *, 23, U, U) € ARTICLE'
(z1,ACM) € JOURNAL'

Note that this brief example does not address
other fine points of the representation, such
as how specific properties are associated with
views, or how view formulas such as (YEAR <
1980) are stored.

To illustrate the processing, consider a re-
quest to list the title and journal of every ar-
ticle by Charla Tan, that appeared in 1991
in ACM journals. This query could be pro-
cessed in the database by a product of ARTICLE
and JOURNAL, followed by a selection of AuU-
THoR=“Charla Tan”, PUBLISHER=“ACM” and
YEAR=%1991", followed by a projection on TI-
TLE and JOURNAL. Its answer A will have two
columns with titles and journal names. A dual
query will be processed in the meta-database,
using the extended algebraic operations. Its an-
swer A’ will also have two columns. The tuples
of A’ will describe views of the answer A that
have specific properties. For example, (x,U)
would indicate that the projection of the an-
swer on TITLE possesses a property. Similarly,
(*, TODS) would indicate that the selection of
JOURNAL=“TODS” from the answer possesses a
property. (Note that the actual representation
used indicates the particular property possessed
by each view.)

The precise definitions of the extended opera-
tions and a discussion of their correctness, along

with more detailed examples may be found
in [2, 3].

3 Panorama

Panorama is an experimental system that im-
plements the concepts discussed in this article.

Ideally, meta-processing should be integrated
into the database system. Instead, our imple-
mentation is a front-end to a commercially avail-
able relational database management system
(INGRES). Meta-relations are implemented as
standard relations. Thus, they are similar to
other auxiliary system tables that store indices,
permissions, etc. Panorama recognizes a re-
stricted form of the query statement

retrieve (attributes)
where qualification

where the qualification is a conjunction of sim-
ple comparisons. A simple comparison has the
form A0B, where A and B are attributes or con-
stants, and 0 is from the set {=,#,>,>,<,<}.
In addition, Panorama extends the query lan-
guage with three statements to retrieve and ma-
nipulate the meta-database. To add a new prop-
erty view to the meta-database, the following
statement is provided:

append property p(attributes)
where qualification

Note that users are allowed to invent new prop-
erties. To delete a property view from the meta-
database, the following statement is provided:

delete property p(attributes)
where qualification

These statements may require range declara-
tions. To list views with a particular property,
the following statement is provided:

print property p

As Panorama is an interface to INGRES,
users are assumed familiar with its query lan-
guage, QUEL, and with its standard user in-
terface, Terminal Monitor.  Upon starting
Panorama the user is placed in Panorama’s
user interface, which emulates Terminal Moni-
tor. All user input is first parsed by Panorama,
and then processed as follows:

¢ Input recognized as a request to query
or manipulate the meta-database (i.e.,
append property, delete property
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and print property) is executed by
Panorama. In executing these requests,
Panorama issues QUEL commands to ac-
cess and manipulate the meta-database
as necessary. The answer computed by
Panorama is displayed to the user.

o Input recognized as a conjunctive query is
passed to INGRES, but is also executed by
Panorama. INGRES processes the query in
the usual way, returning an answer that is
then displayed to the user by the Panorama
user interface. Panorama processes the
query in the meta-database (again, using
QUEL), deriving a meta-answer that is dis-
played to the user alongside the usual an-
swer.

o All other input is passed unchanged to IN-
GRES. All output (e.g., answers, error mes-
sages, etc.) is displayed to the user by the
Panorama user interface.

The meta-answer that accompanies each answer
is translated back to view definitions:

property p(attributes)
where gualification

As each view in the meta-answer ranges over a
single relation (the answer), range declarations
are not necessary.

This architecture provides the impression of
a simple extension of the underlying database
system. Also, all user-system interaction is in
QUEL-like structures, and the internal repre-
sentation of property views is transparent to
users.

4 Conclusion

Consider, for example, a large library database,
with several views (subsets of the collection)
guaranteed to be sound, other views guaranteed
to be complete, and yet other views guaranteed
to be empty (constraints). A user submitting a
query to retrieve the articles (title, journal, year
and page numbers) authored by Charla Tan af-
ter 1968, will receive a table of articles, anno-
tated by information such as:

1. property complete (*)
where journal=“TSE”

2. property sound (title, journal, year)
where year > 1970

3. property empty (*)
where journal=“TKDE” and year < 1989

The first statement guarantees the user that the
information delivered is complete with respect
to articles that appeared in TSE. The second
statement guarantees that for articles printed
after 1970 all the information except the page
numbers is sound. The third statement notifies
the user that no articles could have appeared in
TKDE prior to 1989. Clearly, such information
may prove valuable to the user in assessing the
answer received.

Implementation of the prototype system that
we described was completed recently. Research
is continuing in several directions. One direc-
tion being explored is the possibility of using
logic, rather than algebra, as the framework for
representing and manipulating property views.
In this framework, views are represented as logic
clauses, and the problem of discovering prop-
erty views of answers is related to the problem
of finding query residues [1]. Another important
issue is the filtering of meta-answers to control
the communication of property views to users,
presenting first the information that is judged
most relevant to the query.
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