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Letter from the TC Chair

On behalf of the entire TC on Data Engineering membership, I would like to extend our
warmest thanks and appreciation to Sushil Jajodia for his leadership during the last two years.

As the new TC Chair I feel very fortunate in that Sushil will be nearby to offer his advice
and counsel. This Fall, Dr. Jajodia will be joining the faculty of George Mason University as
Associate Professor of Information Systems and Systems Engineering. Welcome aboard Sushil!

In the June issue of the Date Engineering Bulletin, Sushil provided a status report of the
major accomplishments of the TC. In brief they are:

. Sponsorship and co-sponsorship of conference, symposia and workshops of interest to our
members,

. The timely and regular publication of the Data Engineering Bulletin, under the stewardship
of Won Kim of MCC, and his Associate Editors, with the generous support of our corporate
sponsor, the Lotus Development Corporation, and

° The active role of our TC in the development of the proposal that helped to establish the
new IEEE Transactions on Knowledge and Data Engineering.

Our TC is best known for the Data Engineering Bulletin and our association with the Interna-
tional Conference on Data Engineering. Both provide forums for the publication, presentation,
and discussion of research and development results. It is important for our members to be active
participants in these forums and future ones.

My goals are to continue the good works for which our TC is known, and to explore new
avenues of professional development, cooperation and growth. In organizing the International
Conferences on Expert Database Systems, I have been fortunate in being able to draw upon the
volunteer efforts of dozens of profesionals and several societies in the cooperative effort of forming
the organization and program of a large and successful conference.

In working with the membership of our TC, I hope to be able to count on your volunteer
efforts to help build the TC, and to make it a relevant resource within the IJEEE Computer
Society. We are asked to provide consultation and opinions on many topics, and I hope to get the
mémbership involved in supporting these activities. In addition, if you have specific suggestions,
please feel free to contact me at the address given below.

As Sushil mentioned in the June Issue of the Bulletin, the issue of TC membership dues is
being addressed by the Society. Dr. Mario Barbacci, Vice Chair of the Technical Activities Board
(TAB), told me that of the 90,000 IEEE Computer Society Members only about 3000 are
members of a TC. The TC on Data Engineering has 1295 full members and correspondents.
Clearly, we have a pool of potential members, and Dr. Barbacci is planning a TC membership
drive to be initiated in November with ads and TC descriptions in key IEEE publications.
Membership dues will allow our TC to establish a better financial basis to support our activities,
such as the publication of the Date Engineering Bulletin.

Another method of obtaining funds is through the sponsorship of successful, i.e., money-
making conferences. Our TC is currently co- sponsoring the Very Large Database Conference and
will co-sponsor future Expert Database Systems Conferences. We will also try to complement
these funds with contributions from our corporate benefactors.

Lastly, Won Kim and I have been concerned about the timely distribution of the Data
Engineering Bulletin. in crder to coordinate this process, I have appointed Mr. David Barber as
the liaison for reques:s for back issues, and related matters.

Larry Kerschberg
August 16, 1988



Letter from the Editor

This issue of IEEE Data Engineering is devoted to Nested Relations. In a nested relation,
attribute values are not necessarily atomic, but they can be relations themselves. A relation
valued attribute may, in turn, have relations as attributes and so on. Although the original
definition of a relation by Codd in 1970 does not restrict attribute values to be atomic (i.e. First
Normal Form, 1NF, relations), most work on the relational model and most succesful relational
database systems in the last decade have the assumption that all the relations are in 1NF.

The research in nested relations is motivated by the need to extend the utilization of
relational database systems beyond the traditional data processing applications. For the so called
nontraditional database applications such as engineering designs, office forms, image processing,
information processing of textual data, the semantics of data objects, such as CAD objects, are
too complex to model by flat 1NF relations. When relational database systems with flat relations
are used for such applications, the database becomes unecessarily fragmented both conceptually
and physically, which in turn has undesirable implications on query processing, data

redundancy, and storage structures.

Makinouchi was first to recognize, in 1977, the need for relaxing the 1NF assumption, and
extending relational model with nested relations to improve the utilization of relational
databases for applications requiring complex objects. Since early 1980's there has been a
growing number of database research groups working on nested relations. Several important
research results on various aspects of nested relations, including design theory, algebra and
calculus, query languages, and storage structures for nested relations, have been published in
the literature. In parallel with the theoretical research, several research prototypes such as
VERSO project of |.N.R.l.A., AIM-I, AIM-P of IBM Heidelberg, and Darmstadt Database Kernel
System of University of Darmstadt have been implemented since then.

In April 1987, the first International Workshop on Nested Relations and Complex Objects
was held in Darmstadt, West Germany. The Workshop Material edited by Scholl and Schek
provides a list of position papers and a rich collection of research abstracts on nested relationa
and complex objects. A book on Nested Relations and Complex Objects containing some selected
papers from the workshop and some invited papers will be published by Springer Verlag, in
early 1989. There was also a well attended, lively panel on Nested Relations, organized by
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Patrick Fischer in the SIGMOD 88 Conference in Chicago. The title of the panel is "Nested
Relations: A Step Forward or Backward?". My opinion is that panel's conclusion was nested
relations is a step forward, or at least it is not a step backward.

First two papers in this issue are on research prototypes that have been implemented. In
the first paper, Dadam describes the AIM-P, Advanced Information Management Prototype,
project, and the work on the nested relations at the IBM Heidelberg Scientific Center. The second
paper is by Abiteboul and Scholl, and describes the VERSO project and the research on the
system design and theory for nested relations and complex objects at I.N.R.I.A. In the following
paper, Larson gives a brief overview of the data model and the query language of Laurel, which is
a prototype database system, being developed at the University of Waterloo, supporting nested
relations and reference attributes. The fourth paper is by G. Ozsoyoglu and Hafez and describes
the research at the Case Western Reserve University on storage structures for nested relations.
Roth and Kilpatrick in the next paper gives an overview of the algebras for nested relations, and
discuss methods for joining nested relations in various forms. Gyssens and Van Gucht's paper is
on the expressive power of nested algebra, and they propose a powerset algebra as an alternative
to the nested algebra. The final paper of the issue is titled "Nested Relations: A Step Forward or
Backward?", and is based on Schek's presentation for the panel discussion at the SIGMOD 88
Conference panel with the same title.

As in the case of any special issue on a timely subject, only a few of the many current
projects and research results on nested relations could be described here. | would like to thank
the authors for their contributions and their cooperation on meeting the deadlines during the
preparation of this issue. | hope that this issue of Data Engineering will help sitimulate interest
in Nested Relations Research and Development.

Sincerely, :

Wﬂzwn"xz””
Z. Meral 6zsoyo§Iu
August, 1988



Advanced Information Management (AIM):
Research in Extended Nested Relations

Peter Dadam
IBM Heidelberg Scientific Center
Tiergartenstr. 15, D-6900 Heidelberg
West Germany

EARN/BITNET: DAD at DHDIBMI1

1. Introduction and Background

One of the main missions of the IBM Heidelberg Scientific Center (HDSC) is to explore new applica-
tion areas for computer assisted methods, especially by investigating the application requirements and
product needs, developing and evaluatmg new concepts, thus contributing to the state of the art in the
affected scientific areas. The theoretical or analytical studies ar¢ usually complemented by prototyping
and by evaluating the main concepts in representative applications in order to gain further insight into
the feasibility and applicability of the proposed solutions.

In 1979/80, based on previous research work in information retrieval /Sch78, KSW79, KW81/, the AIM
department started to have a closer look on “integrated” applications in the office area and the ade-
quate database support for it. As a first step, a prototype was developed combining information re-
trieval with relational /As76/ database technology. Though the general [casibility and applicability of
this approach could be successfully demonstrated, the data model (“flat” relations) was felt to be too
poor for an adequate treatment of structured text documents. Looking for appropriate solutions of this
problem led - independently from other groups like VERSO /BRS82/ - to the idea of nested relations
which were called NF? Relations (Non First Normal Form Relations). The most critical point was
whether the extended relational model could be put on an equally sound thcoretical basis as the original
(“flat” relational) one. Consequently, at first we concentrated primarily on the theoretical issues of this
data model, espccially on its relationship to the relational design theory (functional and multi-valued
dependencies). This led to scientific contributions by the [IDSC to the theory of nested relations
/Jae82, JS82, Jae8S, Jae85a/. In parallel to this basic rescarch work, conceptual work was started
aiming to develop an extended SQL-like databasc language able to deal with the extended relational
data model at the user’s level /SP82, HHP82, PHI183, GP83/.

In 1982/83 the issue of “integration” of applications across formerly isolated application areas like of-
fice, manufacturing, engineering design, etc. and the understanding of rclated database requirements
and problems became more and more important. We, therelore, deccided to redirect our research and
development activities and to look at database rclated issues on a broader scope. To be able to evaluate
advanced database concepts in real (existing) advanced applications, we decided to develop an exper-
imental type of a “next generation” DBMS - the Advanced Information Management Prototype (AIM-P)
- as a vehicle for our research and development. The decision to use the NF? relations as base tech-
nology of the system was significantly influenced by qur expectation of how the database supported
integration of applications will take place. It did not on]y affect the selection of the data model for
AIM-P (which goes beyond NF2, see Sect. 3) but also the system’s funcuonahty and architecture.
Hence, in the next section we describe at first our view of a “general purpose” DBMS for “large scale
integration” of application areas and the resulting decisions for its design, and thus also for our main
research arcas.

2. Target and Scope of Research and Development

Up to now the situation in the area of data management is still characterized by having special purpose
data management or file systems for every major application area. These systems differ in functionality,
data representation (“data model”, interfaces), rcal-time behavior (immediate update versus batch up-
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date), transaction management, recovery, and security aspects, thus making the required integration
of applications a difficult task. Powerful databasc management systems handling the data across the
different application areas in a uniform and consistent way could improve this situation drastically.
Very likely, no single type of system will be able to adequately support all application types one can
think of. However, to reach at least a coverage of say 80 to 90 percent of the main application types
would already be a big gain. The target of the AIM research and devclopment is to understand how
closely this goal can be approached.

- For that end, one prerequisite is that the DBMS supports both a data oriented (e.g. relational) as well
as an object oriented view on the data. Probably one and the same kind of data (e.g. representing a
computer board) may be accessed in an object oriented fashion by one application (e.g. board design)
and in a data oriented [ashion (e.g. bill of material) by another. The support of this integrated view on
data significantly influenced our design decisions and research targets for the development of AIM-P.
The most important ones can be summarized as follows:

Architecture: The DBMS should logically consist of two parts: The (logically) central database server
and user/application front-ends, called workstations in our terminology. Special emphasis should be
given to provide adequate data exchange mechanisms betwecn scrver and workstation in order to keep
the communication overhead low, especially in cases where large complex objects are involved. In
other words, the overall architecture should support efficient cooperative processing - in particular of
complex objects - in a workstation - server environment.

Database Language/Data Model: The database server should provide a homogeneous view on all the
data (from flat relations to complex objects) to serve as “integration tool”. That is complex objects
should not be treated as “special animals” but be an integral part of the data model. All (or nearly all)
operations defined for “normal” (“flat’) data should be applicable to complex object data as well. The
server should have a relational-like data model with set oriented, descriptive query capabilities to reduce
the communication overhead between server and workstation. The workstation has to use this interface
when requesting data (“check-out”). Which interface (data model) at the workstation is offered to the
user or application program (the server’s data model or e.g. flat. relations, hierarchies, network struc-
tures) should be application dependent. :

3. Heidelberg Data Base Language (HDBL)

The following description concentrates on the AIM-P data modecl and the relationship between HDBL
and the operations of the NF? relational algebra. Due to lack of space, only a “flavor” of HDBL can
be given here. A more comprehensive treatment of this issue can be found in /PT85, PT86/ and /PA86/.
The currently supported language features are described in /ALPS88/.

3.1 Data Model

It is very easy to create a "monster” DBMS by trying to take the union of all nice data models and to
put it into one DBMS. For AIM-P we decided to use a rather rigid (but powerful) data model based
on NF? relations. The reason for this decision was the capability of the NF2 data model to support
both an object oriented and a data oriented view on the data, and. because of its potential to treat
complex objects and flat relations in a uniform way. Fowever, the pure NF? model, only offering re-
lations with relation valued attributes, is semantically too poor to providc a reasonable “general pur-
pose” data model for the intended integration of a broad range of application areas. For engineering
applications (but not restricted to them), an adcquate representation of vectors and matrices (i.e. simple
or nested lists) was missing. In addition, it is not possible to store simple objects (e.g. the highest in-
voice number used so far) in a simple fashion (i.e. not as a relation with one row and one column).
We, therefore, decided to use an extended NF? data model for AIM-P.

This data model has the following basic types: set valued, list valucd, tuple valucd (composite), and
atomic. Obijects can be assembled from basic types in a fairly free fashion. Figure 1 illustrates the
AIM-P data model and its relationship to the pure NF? and flat relational data model. Using this data
model, a matrix of real numbers can be modelled, for example, as list of list of real, and this construct
can either occur as attribute value within some list, set, or tuple valued object or subobject, or it can
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be used as singleton object identified by its own name. Atomic values and tuples can be used
analogously.

= /_\b(?
IQTS SETS RELATION RELATION
ﬂ (SET (SET)
i TUPJLE> tuples tuples
. ATOMIC atomic atomic
VALUES . values values
a) AIM-P Data Model b) NF2 Data Model ¢) INF Data Model
(Extended NF2? Data Model)
Figure 1. Comparison: AIM-P data modcl, pure NF?, relational data model.

Though Figure 1 may create the impression that the pure NF2 data model has become a very special
case of the AIM-P data model, this is only true from a conceptual point of view. In the usage of the
AIM-P data model, the concept of nested relations (unordered and ordered) turned out to be domi-
nating in object deﬁnmons Therefore, most emphasis in query processmg has been put on supporting
unordered and ordered nested relatlons efficiently.

In the sequel we concentrate on describing how NF? algebra operations are supported in AIM-P re-
spectively in its database language (HDBL). Additional featurcs also supported in HDBL respectively
AIM-P like time versions (history data), text, and user defined data types and functions cannot described
here because of space reasons (see Sect. 6 for references to the related literature).

3.2 Support of NF? Algebra Operations

HDBL is an SQL-like language developed at the [IDSC to support the AIM-P data model. Like clas-
sical SQL it uses a SELECT...FROM...WHERE (SFW) construct to provide the facilities for expressing
projections, restrictions, and joins. HDBL’s SFW construct, however, is by far more powerful than the
original one. It allows to dynamically construct ncsted tables out of [lat tables (nest), to “flatten” a
non-flat table into a flat one (unnest), or to restructure a nested tablc; and these operations are not only
applicable to a relation (table) as a whole but also at the level of rclation valued fields (“subrelations”

/DK86/).

The latter effect is achieved by applying a SFW-expression to a relation valued field as illustrated in the
following example (cf. Figure 2; the square brackets ([...]) in the query are tuple constructors [PT86/):

SELECT [x.DNO,
Manuf _Cells: (SELECT [y.CID,
y-NC_MACH]
FROM y IN x.MANUF_CELLS
WHERE EXISTS (z IN y.NC_MACH): z.TYPE = 'Flex 260')]
FROM  x IN MANUF_DEPTS

For every manufacturing department, this query associates DNQ with some information about those
manufacturing cells (MANUF_CELLS) which have an NC machine (NC_MACH) of type "Flex 200"
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