Database Research at IPSI

Editors: Erich Neuhold and Volker Turau
GMD, Integrated Publication and Information Systems Institute (IPSI)
Dolivostr.15, 6100 Darmstadt, Germany
e-mail: nevhold@darmstadt.gmd.de, turau@darmstadt.gmd.de

1 Overview

At the Integrated Publication and Information Sys-
tems Institute (IPSI) of the GMD (Gesellschaft fiir
Mathematik und Datenverarbeitung) database re-
search is focused towards distributed database man-
agement systems to support the integration of het-
erogeneous multi-media information bases needed in
an integrated publishing environment. The objec-
tive is to investigate advanced object-oriented and
active data modelling concepts together with the
principles of distributed data stores and data man-
agement. The unifying basis for the database re-
search is the object-oriented data model VML de-
veloped in the project VODAK over the last four
years. The data model is based on recursively de-
fined meta classes, classes and instance hierarchies
paired with a strict separation of structural and op-
erational definitions in a polymorphic type system.

This report describes the highlights of the work on
the VODAK database system, the research efforts in
heterogeneous database integration and the research
plans of the multimedia database project as well as
applications of our system in different environments
such as hypertext and office automation.

2 The VODAK Project

Participants: W. Klas, W. Chen, K. Drosten, H.
Eisner, G. Fischer, H. Jadwiszczok, P. Muth, E.
Neuhold, T. Rakow, V. Turau.

Research in the framework of VODAK focuses on
an eztensible data model and database programming
language, and an advanced transaction model. Ap-
plications have been developed on the basis of the
first prototype, some of them outside of IPSI (for
example at the New Jersey Institute of Technology)
in order to evaluate the concepts and to get feedback
for improving the functionality of the system.

In the following we briefly describe the main ac-
tivities and contributions of the VODAK group.

2.1 The VODAK Data Model Lan-
guage VML

Usually database models lack mechanisms for ex-
tending them with additional modelling primitives.
This limitation does not allow the adaptation of the
models for specific application needs, e.g. database
integration, multimedia document handling, hyper-
text modelling, etc.

The VODAK Model Language VML [K92a] ho-
mogeneously integrates the concept of metaclas-
ses [K90] and the separation of types and classes
[NGYT90] with other object-oriented concepts such
as properties, methods, inheritance, and object iden-
tity. Complex nested data structures can be defined
using the set, array, tuple, and dictionary type con-
structors. VML supports its own programming lan-
guage for implementing methods, specifying trans-
actions and an ad hoc query language.

In VML classes are used to organize a set of ob-
Jects corresponding to real world entities and rela-
tionships between them. Object types define the
structure of objects and the operations defined on
these structures. They are associated with classes in
order to determine the structure and behavior of the
class’ instances. Metaclasses are first class objects
whose instances are classes. Metaclasses are asso-
ciated with three object types: an (optional) own-
type extending their own behavior, an instance-type
specifying the behavior of their instances (which are
classes), and an instance-instance-type specifying the
behavior of the instances of their instances. Meta-
classes can be organized in an instantiation hierarchy
of arbitrary depth.

The concepts of VML can be used to adapt the
model to specific application needs. For example,
one can extend the data model to provide the gen-
eral modelling concepts NODE and LINK as used
in many hypertext systems by defining appropriate
metaclasses describing the common structure and
behavior of nodes and links, e.g. the creation date,
the author, the navigation through a network, and
some consistency constraints. This is done at the
meta Jayer of a database schema and is independent
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of any specific kind of nodes or links used in an ap-
plication. Application specific nodes like DATUM
or CLAIM, and application specific links like SO or
SINCE (as used in argumentation networks) are de-
fined at the meta-application layer of the database
schema on the basis of the general concepts NODE
and LINK. The classes and relationships of a spe-
cific hyperbase schema can be defined as instances
of these metaclasses.

This approach leads to an open, adaptable data
model which provides for the specification of addi-
tional modelling primitives at a meta layer of the
database schema. The concept of metaclasses and
the separation of classes and types allow to deter-
mine the structure and behavior of objects and the
individual inheritance behavior via semantic rela-
tionships between arbitrary objects already at the
meta layer independently from the specifications at
the application layer for the application classes.

Applications developed on the basis of the first
prototype include a multimedia application which
incorporates a video laser disc providing all the
database operations needed to view video on a screen
[K92b], a database for argumentative networks (hy-
pertext network according to the semantics of Toul-
min schemas) for an authoring environment, and an
example for the integration of an external database.

2.2 The VODAK Transaction Model

An essential system-internal function of a database
management system is transaction management. In
general, transaction management allows different
users to access the same data concurrently in a con-
sistent way and makes system failures, even crashes,
as much as possible transparent to the users.

In VODAK, we focus on two specific problems of

transaction management.

o Operations to read and edit (hyper)documents
are typically complex, interactive and of long
duration. A high degree of concurrency is re-
quired to reduce the number and length of times
a transaction is blocked.

e A publication environment has to handle ex-
isting database systems for using and modify-
ing remote information and documents. Trans-
action managers of existing systems, i.e. con-
currency control and recovery, have to be inte-
grated in a transparent way utilizing the func-
tionality of existing managers.

Our transaction model is based on open nested
transactions [RGN90, WHBM90, MRKN91]. Com-
pared to conventional flat transactions, nested trans-
actions allow more concurrency and are more flexi-
ble for recovery. A nested transaction is a tree-like
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structure, dynamically built up by the call of sub-
transactions until a bottom implementation level is
encountered.

There are two types of nested transactions. Clos-
ed nested transactions provide a high degree of con-
currency by allowing the concurrent execution of
subtransactions. Furthermore, they allow to abort
subtransactions independently of the calling trans-
action. Open nested transactions utilize the seman-
tics of operations, i.e. a commutativity relation is
used to define conflicts between operations. By con-
sidering the nesting structure, conflicts of subtrans-
actions can be ignored if the calling (sub-) transac-
tions commute and the called subtransactions are ex-
ecuted in a consistent way (i.e. serializably). For ex-
ample, two increment operations on a counter com-
mute whereas the corresponding update operations
on a page conflict. After the update subtransactions
are committed, their conflict can be ignored and the
calling transactions can be executed concurrently.

We extended the open nested model from a fixed
calling hierarchy of operations in a layered system
(multi-level transactions) to an arbitrary calling hi-
erarchy of operations in an object-oriented system
[RGN90]. Commutativity of operations is applied
to system defined VODAK methods, and to methods
of user defined object types. For the latter we de-
veloped a framework to specify commutativity and
inverse operations in VML [K92a).

We also developed an integration model for exist-
ing transaction managers. The open nested transac-
tion model has been extended to support distributed
transaction execution in an heterogeneous environ-
ment. The model provides ACID properties for
global transactions if all existing transaction man-
agers also provide these properties [MRKN91]. No
assumptions about protocols are made. Subtransac-
tions of existing systems constitute the leafs of our
transaction tree. Again, we utilize the semantics of
these transactions in order to achieve a high degree
of concurrency. Recovery is based on inverse op-
erations, compensating the changes of transactions
which have to be aborted. Inverse operations are
also used to ensure atomic commitment. Unilit-
eral aborts as well as system crashes can be handled
[MR91, MKN92].

For the sake of simplicity, in the current frame-
work we do not allow the existing systems to exe-
cute local transactions that are not part of a global
transaction.

2.3 The VODAK Prototype

The system architecture consists of a central
database environment and several external database
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environments to which the user wants to have inte-
grated access. Each of these environments consists of
an object manager, a message handler, a transaction
manager, and a communication manager. In addi-
tion to these components an external database envi-
ronment includes a database interface module which
realizes the access to an external database system.

The DBMS components are currently built on top
of DAMOKLES [DGL87]. The object manager han-
dles terminal instances, classes, metaclasses, meth-
ods, primitive data types and type constructors (set,
tuple, dictionary, array), and the mapping to/from
DAMOKLES objects. The message handler exe-
cutes messages sent to objects either locally in the
central database environment or on a remote site
running an external database environment depend-
ing on where the receiver object is located. The
transaction manager provides services to execute
methods according to the open nested transaction
model. The communication manager handles the
message exchange between the central database en-
vironment and the external database environments.

In addition to these components VODAK in-
cludes a syntax-driven VML editor and a VML com-
piler which translates VML schemas to DAMOK-
LES schemas, VML methods to C++ functions, and
which generates appropriate objects in the VODAK
data dictionary.

A first version of a C++ based prototype of VO-
DAK is available for Sun Sparc Stations under cer-
tain conditions. It implements all the features spec-
ified in [K92a] including e.g. metaclasses, transac-
tions, and remote message execution.
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3 The KODIM Project

Participants: P. Fankhauser, R. Busse, M. Kaul, E.
Neuhold, M. Oheimer, Y. Xu.

KODIM develops methodologies and tools for en-
riching and integrating existing databases. The
databases are heterogeneous, i.e. they model over-
lapping and related information with differences in
naming, scaling, granularity, structure, and seman-
tics, and are autonomous, i.e. they cannot be modi-
fied for the purpose of integration, and their schemas
can evolve independently. Their integration involves
the enrichment of data, the recognition of related
data, the resolution of inconsistencies in their rep-
resentation and their merge by means of integrated
views.

For the recognition of semantically related data
we employ background knowledge in the form of a
fuzzy thesaurus [FKN91]. With this approach, the
likelihood that two classes meaningfully share data
is determined on the basis of their semantically rel-
evant attributes.

To resolve structural inconsistencies we utilize rule
based heuristics [SN88a]. Rules are used to propa-
gate messages, which cannot be dealt with by a given
class, to semantically related classes, and to combine
answers received from more than one class.

To merge overlapping data we utilize high level op-
erators for generalization, specialization, grouping,
and aggregation, which are modelled by the meta-
class facility of the VODAK datamodel [SN88b].
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On this basis we have implemented ViewSystem
[KDN90], which allows for the definition of inte-
grated classes by means of metaclasses, and supports
query decomposition and view materialization as
two strategies to instantiate the integrated classes.

Currently, we extend the rules of [NS88] to cover
more kinds of inconsistencies, and to assist also the
merging of complex data on the basis of simple cor-
respondence assertions given for their constituents.
These rules are being implemented in Prolog. Spe-
cific emphasis is given to inference strategies which
do not require that all correspondence assertions are
available, but prompt the user for missing or un-
certain assertions [FN92]. Furthermore, we design
rules for integrating methods consistently with the
attributes and methods they utilize. This rule base
design intelligence is the basis of a graphical user
interfaces for defining and integrating schemata.

The project cooperates also with the New Jersey
Institute of Technology, and indirectly with Belicore,
to develop further integration mechanisms and to ex-
periment with heterogeneous database environments
[GPN91a, GPN91b).
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4 The Multimedia Project

Participants: V. Turau, T. Rakow.

Many types of information which were previously
only represented in analog form are now also avail-
able in digitized form. The most important exam-
ples are audio and video. This offers the possibil-
ity that all information can be processed by a com-
puter. Thereby the multiplicity of ways data can be
utilized, manipulated and displayed is enormously
increased. The aim of the multimedia project is
to provide databases with the capability of storing,
managing and retrieving information on individual
storage media, managing interrelationships between
the information on different media and means to ex-
ploit these media for presentation purposes.

At the conceptual level a uniform and homoge-
neous data model based on the VODAK system will
be provided to capture the structural and behavioral
aspects of the objects.

In a multimedia system there will be several phys-
ical devices used to store data: magnetic or optical
disk, CD-ROM, video disk, DAT etc. Therefore, ex-
tensibility is a very important goal of the project,
since invariably new storage devices will be on the
market in the near future, some of them heteroge-
neous in the sense described in section 3.

At the external level the presentation of the di-
verse media to the users will be handled by an ap-
propriate user interface allowing for easy manipula-
tion for these new types of information. A suitable
query language is under development to retrieve the
desired multimedia information, present the results
of queries and manage the results for referencing in
later queries. This language should support queries
against the content of multiple multimedia systems.
In many media types this can only be achieved by at-
taching the appropriate annotations to the data and
pose queries against these annotations. Therefore,
powerful browsing facilities are necessary to select
the desired object from a set of qualifying objects. In
the future content analysis/generation features such
as image-, video- and speech recognition/generation
will have to be added to increase the manipulative
power of the system.

The project will cooperate closely with HP Labs,
Palo Alto, were a small initial prototype of a mul-
timedia database has been developed by one of our
members using the Pegasus prototype [T91).
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5 Applications of the Vodak
Data Model

5.1 Hyperbase

Participants: H. Schitt, J. Haake, W. Schuler, N.
Streitz.

Hypermedia systems allow for the manipulation of
pieces of information (NODE) together with their
relationships (LINK). Over the last few years, many
prototype systems have been developed, and some
have successfully entered the market place. Com-
mon to most of them is their lack of adequate sup-
port for collaborative work, but also their lack of
consistency, security and reliability control. They
usually store all data in files and do not provide any
means for transaction management.

The division Cooperative Hypermedia Systems is
concerned with the development of SEPIA, an au-
thoring system for hypermedia documents [SHT89,
THH91]. Within that system, an application-
independent storage layer for hypermedia objects
(i.e. a hypermedia engine called HyperBase, [HS90,
$S90]) has been designed and implemented.

Using a DBMS within a hypermedia engine al-
lows a hypermedia system to share data among sev-
eral users, to protect these data through appropriate
transaction management, and to access data through
indexes to be fast enough for interactive use.

The implementation of the first HyperBase proto-
type utilizes modelling concepts from the VODAK
data model but still uses a commercial relational
DBMS for the physical storage of data. The experi-
ence has shown that the Hyperbase data model is ad-
equate for different user-interfaces of a hypermedia
system. The chosen fine-grain transaction and lock-
ing schema on the basis of the closed nested trans-
actions of the underlying database proved useful for
that kind of system, and its performance is sufficient
for short transactions in interactive applications.

Future research topics in the project are: Devel-
opment of a HyperText Query Language (HTQL) on
the basis of the VODAK query language and the VO-
DAK data model. It will provide long and cooper-
ative transactions, use multiple, distributed servers
for a hypermedia engine, and integrate data from
external databases into the hypermedia system. A
second prototype will then be implemented based on
VODAK and VML, which already provides the basis
for most of the needed functionality.

5.2 Structured Document Base SDB

Participants: C. Huser, A. Weber.
SDB is a prototypical database application for the

maintenance of structured documents. SDB pro-
vides persistent storage for structured documents,
offers an interface for the manipulation of struc-
tured documents and a query language for declar-
ative access to structured documents. SDB sup-
ports an import/export interface conforming to the
SGML (Standard Generalized Markup Language)
standard. Thus, the SDB builds a powerful basis
for the realization of distributed publishing applica-
tions, such as the Individualized Electronic News-
paper (IEN) developed in the Race Project 1075
TELEPUBLISHING [H91].

The application-independent architecture of the
SDB incorporates an object-oriented Document Ac-
cess Interface (DAI) for rapid prototyping and for
integrating existing tools. The integrated concept
for the management of structured documents frees
tools from dealing with questions of storage man-
agement and enables data sharing. Conventional
database systems cannot provide sufficient function-
ality to support the needs of applications in the pub-
lication field, therefore the object-oriented database
system developed in VODAK is used; especially its
extendibility features through the meta class system
allows the modelling of structured documents.

SDB supports the management of pools of struc-
tured documents. It implements a subset of the basic
SGML Document Standard.

A pool is an organizational unit that provides all
information for document access and holds a collec-
tion of Document Type Definitions (DTDs) and doc-
ument instances that conform to one of the DTDs
stored in the pool. A DTD contains a content struc-
ture specification for a class of documents. It guides
the content acquisition and structuring of the doc-
ument content. A basic feature is the definition of
elements to specify the content structure. Following
object-oriented terminology an element declaration
is an object class description. The attribute decla-
rations of an element define properties of the object.
The content model of the element declaration defines
the allowed subelements. Starting from the root el-
ement declaration in the DTD the content models
of all element declarations specify the logical struc-
ture of a document and correspond to a context-free
grammar. The logical structure of a specific docu-
ment instance is represented as a parse tree.

DAI provides the management mechanisms for
pools, but also the functionality for developing appli-
cations for different uses of document structures and
for different levels of access. Navigation and retrieval
methods for enduser applications such as browsers,
and retrieval interfaces that generate different views
of the selected contents, and manipulation methods
for structure or hypertext editors are provided.
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5.3 User Interfaces

Participants: M. Kracker, A. Muller, E. Neuhold.
Object-oriented database models like VML with
inheritance and type constructors allow the easy
construction of complex schemata, but they also
put a heavy burden on anyone working with
such databases. Because queries have to reflect
the schema or predefined views of the respective
databases, a searcher not truly familiar with the
conceptual organization of the data might introduce
mismatches in naming, structure or scaling, which
prohibits the normal execution of the query.

To temper the consequences of mismatches, where
a database construct, e.g. an object or a method,
is named differently by the database administrator
and the database user, we have developed a query
formulation support system (for an early version see
[KN89]). It handles parts of the query which do
not directly denote database constructs by working
with the data dictionary and the schema description
it contains. It suggests the “closest corresponding”
database constructs for the unidentified query com-
ponents and thus ultimately allows the execution of
such queries.

The measure of similarity does not only consider
the degree of structural correspondence, but also the
semantics, which is expressed by the names given to
object classes or methods. Semantic similarity be-
tween two names are derived from a fuzzy associative
network, which relates the concepts of a given dis-
course domain and which can be applied to multiple
databases of that domain. Because flat modelling of
the domain is sufficient and we wanted to keep the
construction effort of the concept network low, we
introduced only a few types of relationships: gen-
eralization/specialization, similarity and opposition.
A value between 0 and 1 is assigned to each relation-
ship to express its strength. For example different
degrees of similarity, like synonymy or relatedness
can be expressed easily by these fuzzy relationships.
Utilizing the transitivity of the relations, we can
automatically derive further relations and increase
the density of the associative net. The calculus of
similarity is defined on a meta level, which controls
the inference by applying the appropriate transitiv-
ity operators. '

The fuzzy concept network, the inference mech-
anism and the specification of the calculus of sim-
ilarity are described in detail in [K91] and [K92].
In addition, we have developed a prototype of the
query formulation support system for an biblio-
graphic frame-like database and we use it for ex-
perimentation.

A user centered query interface to a relational
database containing a download of EC-CORDIS (the
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research and development information system of the
European Community) has been developed ([T92]).
To help the searchers find alternative terms while
formulating a free text search, we again employ a
fuzzy concept net. Here the support of term asso-
ciations is given on the instance level, as opposed
to the application described earlier, where database
constructs on the schema level are processed. Our
approach will be extended to the direct access of
remote hosts and their dynamic partial download
during query time. We are also investigating the
application of our approach to VML queries [K91).
Utilizing fuzzy concept networks for database inte-
gration has been discussed in [FKN91] (see section
3).
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