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Abstract

One of the fundamental aspects of information and
database systems is that they change. Moreover, in so
doing they evolve, although the manner and quality of
this evolution is highly dependent on the mechanisms in
place to handle it. While changes in data are handled
well, changes in other aspects, such as structure, rules,
constraints, the model, etc., are handled to varying lev-

els of sophistication and completeness.

In order to study this in more detail a workshop on
Evolution and Change in Data Management was held
in Paris in November 1999. It brought together re-
searchers from a wide range of disciplines with a com-
mon interest in handling the fundamental characteris-
tics and the conceptual modelling of change in infor-
mation and database systems. This short report of the
workshop concentrates on some of the general lessons
that emerged during the four days.

Keywords: Schema Evolution, Data Evolution,
Model Evolution, Change Management.

1 Introduction

Change is a fundamental but too often a neglected as-
pect of information and database systems. Moreover,
while there are a number of �elds that have to deal with
change, each �eld has, to date, tended to develop its
own conceptual framework and to deal with the prob-
lem of change separately. For example, changes in pro-
cess modelling, data modelling, spatio-temporal mod-
elling and the structural aspects of databases each have
their own, largely independent literature sources (as ev-
idenced by largely non-overlapping citation trees in the
workshop papers).

The First International Workshop on Evolution and

Change in Data Management, which was held with
the International Conference on Conceptual Modelling
(ER'99) in Paris in November 1999, was thus designed
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to bring together researchers from a variety of �elds to
discuss and exchange ideas and to learn from each other.
In particular, in accord with its parent conference, the
conceptual modelling aspects were examined. The 11
presented papers [1, 4, 6, 7, 8, 10, 11, 12, 13, 20, 21] are
representative of areas such as process modelling, tem-
poral databases, logic programming, spatio-temporal
modelling, archive versioning, constraint maintenance
and product evolution.

This paper represents a summary of the issues of con-
cern. In so doing it concentrates on some of the funda-
mental lessons that emerged during the four day work-
shop. The full papers are available in [2].

The categorisation of issues could, of course, have
been achieved in di�erent ways, however, the man-
ner chosen { to use What?, Why?, Where?, When?,

Who? and How? { was felt to disconnect the categori-
sation from the topic and thus to encourage creative
approaches. (An alternative summary is given in Fig-
ure 1.) Two further topics on outstanding areas and
directions for future research were also discussed and
are included here.

2 What?

Change implies di�erence over time and/or (conceptual
or real) space. It is therefore hardly surprising that the
domains within which change is being investigated vary
widely. Within the workshop papers alone, change was
discussed in data, rules, constraints, schemata, models

and meta-models as well as in real world objects such
as documentation, database indexing methods, physi-

cal instances, product lines and individual instances of
products and the user's perceptions of situations and of
the universe of discourse.

However, it is interesting to note that while the sub-
ject of the change may be quite di�erent, many of the
approaches for dealing with change have a remarkable
similarity in terms of the issues that need to be ad-
dressed and in the principles adopted in the modelling
of the problem, if not in the execution of the solution.

Furthermore, the types of change { incremental in
comparison with wholesale, local in comparison with
global, structural in comparison with semantic, gradual



in comparison with immediate, partial in comparison
with total, etc. { have many similar characteristics.
For example, all have to consider a model for time, the
granularity of phenomena, the links between cause and
e�ect, and so on.

3 Why?

The reason why a change occurs fundamentally a�ects
the response to it and the manner in which automated
responses are implemented. Six categories of cause were
identi�ed during discussions.

� A change in the universe of discourse. The extent
and nature of the changes will determine the reac-
tion to the change.

� A change to the interpretation of facts about the
universe of discourse and the manner in which the
task is realised in a system. Changes for this reason
probably account for a far larger proportion than
is commonly acknowledged. Acknowledging that a
one-to-many relationship is more properly a many-
to-many, for example, could result in changes to
database structure and possibly to system opera-
tion. Included in this category could be a change in
the modelling paradigm or in the analysis / design
tool, which in turn may result in a di�erent view
of the world being adopted.

� Changes in the form of updates to e�ect upgrades
to the functionality or scope of a system.

� Changes in the form of updates to e�ect e�ciency
improvements.

� Changes caused by system operation. For example,
the discovery of new information which is then fed
back into the system or the abnormal behaviour of
a component.

� Error correction. While similar to either the second
or third points above, this is listed separately as
the behaviour associated with the change is likely
to di�er. For example, amendments resulting from
the need for millennium compliance resulted from
a change to the interpretation of facts about the
universe of discourse regarding the use of two digit
years.

This list also highlights the di�erences between a
planned or scheduled change and an unexpected, im-
posed change, which can cause very di�erent procedures
to be performed.

4 When?

The question of when can be divided into three smaller
questions:

� what is the model of time in use?

� when did the change occur?

� when will the response to change be e�ected, if at
all?

For the �rst, philosophical aspects about time includ-
ing the model of time being considered { linear, cyclic,
branching (qv. [16, 17]), the local linguistic and cultural
conventions for recording time [5], granularity consider-
ations, the way in which values at unrecorded points in
time are calculated and the nature of now [3] all need
to be considered. The signi�cance of the change (see
Section 8.2 below) is also an issue.
For the second, not only the real world (valid-time)

time of occurrence of the change but also the time it
should have occurred (sometimes referred to as decision
time [15]), the recording time (transaction-time) as well
as the duration of the event is of importance. This latter
aspect is often neglected with change often being used
synonymously with event.
Finally, for the latter question, the answers are imme-

diately, delayed, later and never. For example, schema
changes can result in the immediate conversion of data
to the new format, a scheduled conversion at some later
time, lazy conversion in which data are changed only
when accessed or the use of �lters to simulate change.

5 Where?

The location of change is often an important factor
for many situations. Spatial considerations become an
issue when, for example, the database schema must
evolve di�erently according to where it is accessed
rather than (or in addition to) when. For example, in
[18] a model is developed that enables schema versions
to apply spatially as well as temporally. This problem
is closely related to that of schema integration.
One point of interest is that the pre-eminence of the

temporal now has a corresponding (although crucially
actor speci�c) analogue in here, which can be useful as
the proper identi�cation of time and location can allow
appropriate emphases in the output provided to a user.

6 Who?

Except in terms of the determination of where above,
the question of who initiates changes, who is the object
of those changes and who is directly or indirectly af-
fected is a largely neglected (and perhaps unimportant)
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Figure 1: Aspects of Change

question with the common approach to simply indicate
that a change is required/performed with a possible class
of user inferred (user, DBA, etc.).

We are not aware of any research signi�cantly con-
cerned with identifying the actors involved, except in
those cases that are domain-speci�c, however, action
research in business environments may be useful.

7 How?

This question is last as the response to a change clearly
depends on the answers to previous questions. Nev-
ertheless, there are some common categorisations that
can be observed.

� Patterns. The cause and therefore the response
might be part of a pattern of behaviour. For ex-
ample, rules activated as part of an event-condition
pair in an active database. The identi�cation of
emerging patterns of change might be useful.

� Sequences. The cause and/or the response could be
one part of a known sequence of activity. Indeed,
often deviations from the accepted sequence might
be the signi�cant issue.

� One-o�. The response is customised to the situa-
tion. For example, product line modi�cations may
results from changes in fashions or environmental
concerns.

A further issue here is the development of a correctness
criteria for change. The development of a model for
information capacity [14] for example has shown that
most practical schema versioning activities cannot be
lossless. An alternative idea of correctness may thus be
appropriate.

8 Outstanding Areas

This section focuses on those areas that despite being
active for a number of years, still represent an open area
for research.

8.1 Analysis of Rule Change

Despite the comment in Section 2, there has been
little research looking at the nature of changing
rules. Schema evolution and versioning for deductive
databases, for example, has been a largely neglected
area. Even where adopted, the approach is often to im-
plement change in a rule through a delete/insert pair

rather than an amendment. For example, a change to
the rule:

A(a1; a2); B(b)! D(d); E(e) (1)



to

A(a1; a2); B(b); C(c)! D(d); E(e) (2)

would not generally be dealt with by some form of Add
Antecedent Element operation. This means that the
strengthening/weakening of the database rule change
and therefore the history of the business rules as repre-
sented by a set of database rules are harder to trace.

8.2 Quanti�cation of the Signi�cance of

Change

A variety of research areas have encountered the prob-
lem of quantifying the signi�cance of a change. At one
extreme, a change, although monitored, is not consid-
ered signi�cant enough to record while at the other, a
change is of such magnitude that the object is arguably
not the original object. Moreover the histories of the
composition and decomposition of objects often needs
to be kept as the behaviour and attribute values of its
constituent parts may need to be retained. The ideas
discussed in [9] may provide some clues here.

8.3 Ontologies of Change

While there have been some ontologies of change, there
is still little in the way of a unifying framework and
there is the opportunity for useful work in this area.

8.4 Experience in Real Systems Devel-

opment

It is too often the case that despite the advantages, the
development of real systems that include some of the
features described here are hard to �nd. At present,
such is the case in many of the �elds represented at the
workshop.

9 Directions for the Future

In this section we outline some of the areas we believe
could be worthwhile areas for investigation in the fu-
ture. The question asked in relation to this at the
workshop was What areas would you recommend to a

new doctoral student?

9.1 Spatial and Spatio-Temporal

Change

The recognition of the value of spatial, particularly
geo-referenced data has grown continually over the
past decade. Research into the handling of spatial
and spatio-temporal change and the evolution of ob-
jects/phenomena in spatial systems is expected to be a
useful area.

9.2 Semi-structured Data

Interest in semi-structured data and the use of XML
as an enabling standard provides a rich opportunity for
future research. Monitoring change in the content of
the web is clearly important and handling versions of
schemata for semi-structured data is likely to be a rich,
if di�cult research �eld.

9.3 Conceptual Modelling Tools

The development of tools (or more precisely components

of business process engineering tools) to handle change
would be a challenging and worthwhile direction. That
is, the development of tools that would help determine
how the parts of a conceptual model would be a�ected
by a change, either in the universe of discourse or in the
user's requirements.

9.4 Work
ow Management

Work
ows as a tool for managing business processes,
have become a popular and useful research area. Work-

ows e�ectively manage processes in an organisation
and have the advantage of reacting to changes in pro-
cedure fairly easily. How well they react to substantial
business rule change and how well they can be used in
other domains remains an interesting problem.

9.5 Mining Change

Data mining and knowledge discovery systems are an
important new area for research combining database
systems, arti�cial intelligence and statistics. A subset
of this research investigates the production of rules with
a spatial and/or a temporal component [19]. Such rules
that can thus describe change, and in some cases suggest
linkages between cause and e�ect.

10 Future of the Workshop

It is planned to hold the Second International Workshop

on Evolution and Change in Data Management at some
point in the future, probably about two years after this
�rst one. Further details will be able to be obtained, at
the appropriate time, from the �rst author.
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