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1. Introduction

Modern database schemata are very large and complex. Even the most modest often have hundreds
of relations; the largest have thousands. Fortunately, it is often possible to model even the largest
schemata as an interconnection of simple components. The natural model for a component is a view
— a “window” schema which provides partial information about the database.

The research proposed here involves two projects on database systems, each involving compo-
nents, modelled as views, in an essential way. The first addresses key conceptual and theoretical
issues, while the second develops a key application of these ideas. Both are in collaboration with

colleagues in the Information Systems Engineering group at the University of Kiel, Germany.

2. Two Research Projectson Updatesto Database Components

2.1 Foundations of Update Support on Database Components

This research is a joint effort with Bernhard Thalheim. It brings together his ideas on database compo-
nents [Tha03]], [ST04], [Tha05]] with those of the author on the foundations of view updates [[Heg04],
[HegO6al], [HegO6b]. In the component-based approach to modelling, large database schemata are
regarded as being composed of a components, which are interconnected via ports. Components them-
selves may be combined to form larger components; the smallest components are termed atomic.
The focus of the proposed research is the development of systematic principles which govern
updates to components; that is, changes to the state of the database which is embodied in a given
component. The major difficulty in supporting updates to any sort of view is that the mapping from the
main schema to the view schema is not injective. Therefore, there are many possibilities for reflecting
the view update to the main schema. Most of these alternatives suffer from so-called anomalies, in that
they either depend upon or make changes to a part of the state of the main schema which is not visible
in the view. As argued in [Heg04], an update strategy is free of such anomalies precisely in the case
that it is based upon the classical constant-complement strategy of Bancilhon and Spyratos [BS81]].
In the proposed research, the constant-complement strategy will be used as the standard model for
anomaly-free updates to a view. In this context, the chief issue is not one of uniqueness of a suitable

complements, as addressed in the previous work of the author, since a natural complement always



Stephen J. Hegner, 490317-0498, Attachment, page 2
Theory and Applications of Updatesto Database Components

exists — that formed by all components which are not contained in the component to be updated.
Rather, the main problem is that it may not be possible to support the requested update via constant
complement while working only within the given component. It may thus be necessary to expand the
environment to a larger component to support the given update in an anomaly-free fashion.

Initial results on this problem are reported in [HTO6]. First of all, it is shown that pairwise defin-
ability [Heg93, 2.1.1] is sufficient to guarantee that the resulting formal framework of components will
support update via constant complement. Second, the notions of universal insertion and co-universal
deletion are introduced, and it is shown that within the abstract order-based update framework de-
veloped in [[Heg04], these provide precisely the means to determine how to expand a component to
support a given update. Third, it is shown that logical frameworks whose constraints are Horn-like
[Fag82]] provide a natural concrete framework for these constructs. The proposed research will build

upon these initial results in the following ways.

Coverage of general updates: The existing work applies only to insertions and deletions, and not
to more general updates which involve both. Although these special cases are important in

themselves, it is crucial that the work be expanded to cover the general case.

Coverage of data modelswith limited digunction: Essentially, Horn clauses are logical sentences
which do not admit positive disjunction. Although their utility in computer science is unques-
tionable [Mak87], it is important that this work address situations involving other types of con-

straints. Work on incorporating key aspects of HERM [[Tha00] will be pursued in particular.

2.2 View-Based Modelling of Dialog Flow in Web-Based | nfor mation Systems

This research is being conducted jointly with Peggy Schmidt.

There are two distinct types of information flow which occur in interactive information systems,
particularly Web-based information systems. Firstly, for each user-task pair there is a dialog flow
which captures that which the user sees in the process of carrying out that task. Second, for each task
there are one or more document flows, which describe how data objects are modified, by both users
and by autonomous agents, during the execution of the task. Generally, a document flow involves
multiple users and a dialog flow involves multiple documents.

The overall goal of the proposed research is to develop a formalism which models both forms of
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flow explicitly. While approaches which separate these two have been developed [ADDWO03] [RDO3]],
they are focused upon process logics which are specifically oriented towards commerce, rather than
upon database access issues for general applications. Classical models of workflow [[AHO2], of which
document flow is a special case, address the formal aspects of dynamics, but not how database access
rights define those dynamics.

Since a document flow in a Web-based information system consists of a sequence of updates to
the underlying database, it is natural to seek an update-based model. The research on updates to
components described in the previous section will be used as a conceptual and theoretical foundation.
The key modelling idea is to associate a component I' o to each dialog flow A, so that executing a task
T within A is tantamount to performing an update on I a.

In general, to support this update, it will be necessary to extend the environment to a subsuming
component ', This update to " may require privileges which the user associated with A does not
possess. The task is then to assemble a group of users who collectively have the privileges to perform
the update associated with T. Formally, this is equivalent to meeting the preconditions for firing an
event in a more classical model of workflow based upon, for example, Petri nets. However, the model
which is proposed here is a much more natural one for a designer of a Web-based information system
to employ, since it is tied directly to the associated databases.

The specific steps to be followed in carrying out this research are as follows.

Development of a formal notion of mapping access privilegesto component-based views. The
constant-complement update model provides a clear and formal notion of which updates are
allowed to a given component view. However, this work requires that the converse idea be devel-
oped — a means of constructing a view based upon specified access privileges. The development

of this notion will be the first step in the proposed work.

Development of formal associationsto classical models. It will be shown formally how the view-
based model which will be developed can be mapped to more conventional representations, such

as those based upon Petri nets [AHOZ], [vdAO1].

Integration of the formalism into design languages: Since a goal of this research is to provide a
formalism which may be used for design, the resulting formalism will be integrated into existing

design tools, such as SiteLang [[TDOT] and its descendants [STO5].
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