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Foreword

The fourth international conference on Extending Data Base Technology (EDBT 94) was
held in St. John’s College (Cambridge, UK), March 28-31, 1994. After successful events
in Venice (1988 and 1990) and Vienna (1992), the bi-annual EDBT has established itself
as the premier European database conference. The conference provides an international
forum for the presentation of new extensions to database technology through research,
development, and application.

This proceedings volume contains the scientific papers of the conference. The pro-
gramme committee faced the difficult task of selecting 31 papers among more than 180
submissions from 28 different countries. A major theme seemed to be the integration of
database technology as a core technology in the larger context of large-scale and dis-
tributed computing systems. This problem was addressed from many different angles,
ranging from novel view concepts to data access in mobile computing.

EDBT is the flagship conference of a broader initiative which strives to maintain the
traditionally strong role of Europe in database research, and to improve the transition
from research to practice. Related activities include summer schools organized by the
EDBT Foundation, the European Network of Excellence in Databases and Information
Retrieval (IDOMENEUS), and ongoing collaboration with the database journal Infor-
mation Systems.

For the first time, EDBT 94 was held jointly with an industrial conference, the an-
nual meeting of the British Data Management Specialist Group. The relationship between
database research and practice was also the topic of a keynote address by Chris Stone,
president of the Object Management Group, and of a panel introduced by Andrew Her-
bert, a pioneer in distributed computing environments. The conference programme was
augmented by tutorials on interoperability, multimedia, object data models, and object-
oriented databases by Michael Brodie, Stavros Christodoulakis, Moira Norrie and Hans
Schek, and Roberto Zicari, respectively.

Many people deserve special thanks for their efforts to make EDBT 94 a success.
Thanks are in particular due to the “British team” which admirably covered all aspects
of conference organization, especially to the conference secretary Anna Duckworth, and
to the members of the international programme committee, technically supported by
Christoph Quix and Martin Staudt. Last not least, we are grateful to the sponsors for
their enthusiasm despite difficult economic times.

Cambridge, March 1994 Matthias Jarke, Janis Bubenko, Keith Jeffery
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The Object Management Group
Standardization of Object Technology

Christopher M. Stone
President & CEO
Object Management Group, Inc.
Framingham, Massachusetts, USA

Abstract

Object technology (OT) which has been described by some as a remarkable
paradigm shift in computing is in reality a technology that allows people to
think, literally, in terms of nouns and verbs as they assemble software programs.
Too often, contemporary software development is characterized as an artform
with mystical heritage.

The Object Management Group, with over 330 members, has become the
industry focal point for the development of interface standards in distributed
computing. The OMG focuses its attention on creating specifications for dis-
tributed applications using object technology. The group’s first specification,
the Object Request Broker, has already been endorsed and committed to by over
one hundred (100) companies. OMG is funded by the top computer, software,
networking, and end user organizations in the information processing business.

Mr. Stone will discuss the rule of OT, the OMG, and the impact on the
future of client server computing and distributed applications.



Databases in Distributed Systems:
The New Frontier

— Extended Abstract —

Andrew Herbert

Architecture Projects Management Ltd., Poseidon House, Castle Park, Cambridge
CB3 ORD, United Kingdom

1 Introduction

Database technology is rooted in the 1960s mainframe culture. It has been very
successful at enabling complex applications to share and manage enormous bod-
ies of data. However, for many users the future resides with distributed com-
puting as previously separate applications are linked together to provide new
services in support of new business goals.

Within a distributed system there is still a role for databases per se, but
not as the focus of the system. Processing will be shared with small personal
computers providing the user interface and departmental machines providing
integration services and local data caching. This is too complex a system to
model as a single ”"database”.

Research on distributed databases, multi-databases and federated databases
will enable integration of databases to a greater or lesser extent, but does not con-
tribute towards problems such as applications interoperability and distributed
system management. For these functions ”distributed objects” (see for example
the work of the Object Management Group) show greatest promise.

Objects provide both modularity and abstraction; they encourage genericity
thereby reducing special cases and complexity. In a distributed sysem object
management can include functions such as object migration to balance loads and
reduce latency, object replication for fault tolerance and enhanced availability.

Distributed objects have to be modelled, objects providing specific functions
have to be located, objects have to deliver consistent results. These are all echos
of database concepts (schema, query, transaction), but applied to a sea of dis-
tributed objects acting as a logical repository rather than a single physical one.
The priority for database research must be to discover how to unbundle the ingre-
dients of a successful database and make them work effectively in the distributed
context. In a nutshell: data management - a successful past and a glorious future,
but not in dumb old databases.

2 Distributed Systems

In the near future, most industrial computing will be based on a distributed com-
puting architecture. A key notion is that of services. A service is some collection



of software and data that delivers a business function, for example billing for a
telecommunication operator, customer account management for a bank or util-
ity. To its clients, a service has a well defined interface which provides operations
to inform the service of changes in the real world (the crediting of an account)
and to obtain information from the service (e.g. a client’s current balance). To
the client the service is just an object which embodies a set of business func-
tions. How those functions are implemented in terms of data and applications is
a matter for the service provider.

The interface concept is crucial - it enables the service implementation to
evolve without disrupting clients, even to be replaced totally by an alternative
technology. It gives a view of an information technology system in terms of how
it supports the operations of the enterprise that owns it.

Services can be large, as illustrated in the preceding examples, or very small:
each window on a screen can be a service, each element within a window can be
a service. From a service point of view granularity is of no issue. From an imple-
mentation point of view it is important to choose an appropriate infrastructure
(i.e. Object Request Broker) to the kind of object being used. However the pro-
gramming interfaces to each infrastructure for managing objects and invoking
operations can be the same, and infrastructures at different granularities can
be made to interwork with one another providing a uniform sea of distributed,
remotely accessible objects.

3 Objects Need Management

Databases arose when programmers recognized that ad hoc schemes for data
management were out of control and that carefully designed mechanisms and
programming abstractions were called for. Distributed objects are running into
a comparable problem.

3.1 Trading for Services

How do you find a service? Perhaps you know its type - i.e. the operations you
want to invoke. Then you’d like to be able to query the distributed system to
find objects that provide an interface of the right type (or a suitable subtype). To
exercise some control over selecting from the available objects we should assign
attributes to them such as location, owner, cost of use. Immediately we have
asked for a schema function (so that types can be described and compared),
and a query function. If you are new to a system you might want to find out
what operations are available in terms of more abstract descriptions of the kind
of behaviour required of a service. This implies that schemas should include
behavioural specifications as well as structural informaion such as operation
signatures.



3.2 Schemas for Distributed Objects

The schema function is complicated by the fact that whilst we may be able to
superimpose the same conceptual object model on our services there are many
implementations to choose from (e.g various flavours of OMG CORBA, OSF
DCE RPC, ISO GDMO notation, various OODBMS notations) and as part of
deciding if a client can interact with a candidate server we have to decide if
appropriate adaptors can be put in the path to make all necessary conversions.
At the simplest level our types can be just names and we rely on administrators to
define type relationships. We can automate comparison of operation signatures
(i.e. function prototypes) using type checkers. Maybe we can automate some
aspects of checking semantics (e.g. by comparing pre and post-conditions as part
of operation specifications). One of the challenges of interface schema design is
to capture as much information as possible about a service, how to use it and
its infrastructure requirements. The schema representation should be part of the
operational system and universally accessible (i.e. schemas are also ”services”).

3.3 Traders and Distributed Query

Giving objects attributes and querying those attributes suggests some sort of
repository of attributes and object references will suffice (called a ”trader” in
ANSA). As systems grow we will want to combine traders to build up a composite
trading space. Therefore we want a notion of querying that expresses not only
what to look for in a particular trader, but also how to include information from
other traders in the resolution of the query. This capability is likely to be the
responsibility of the traders rather than their clients so that programmers see a
single interface to a local trader as their window on the system, and that local
trader maps the information available to it into a form suitable for its users.
Different users might have quite different views of the same system.

3.4 Generalized Query

Since objects provide services, they can be asked questions. Therefore it would
seem useful to extend the simple trading concept to include a wider notion of
not only including attributed held in one or more repositories, but also data
dynamically obtained from the object. This raises interesting questions about
consistency and caching - whilst an object might satisfy a query now, it might
not tomorrow. How do we represent (protect) the temporal validity of the result
of a query?

3.5 Concurrency Control for Objects

Significant applications will invoke many services as they perform their func-
tion. They must be able to recover from failures of individual objects en route
or to back out of activities that turn out to be redundant or impossible to com-
plete. All this has to be managed in a concurrent world. A transaction function



would provide the application programmer with a tool for managing concurrency.
However this is a transaction function that works on any object in a distributed
system, not just those that choose to live in a database. It must therefore be
capable of fine grained locking: it must support some form of nesting so that
services can call other services within a transaction. Since objects can be very
small it must be transaction function that can protect longer pieces of activity
as well as individual operations, bringing in notions of workflow. Not all objects
can be rolled back - once a message has been sent it cannot be recalled, instead
a compensation must be issued. Therefore forward as well as backward recovery
must be provided. It is an interesting question to debate how much applica-
tion semantics (as captured in a interface specification) can be used to generate
locking disciplines.

3.6 Persistence

Finally not all of the objects in a system need be active at once, and can migrate
out from main memory to secondary storage - this is the persistence function.
Here the challenge is transparency. Ideally the client of a persistent object should
not be aware of it movement to and from disc. The object’s manager however will
probably want to exercise a great deal of control over its placement. Persistence
might include replication (for fault tolerance). Persistence and transactions must
interact correctly in the sense that only consistent versions of objects should be
made stable.

4 Wither Databases

The DBMS community has made many contributions to computing. In fact, they
are so good that they are of greater value outside DBMSs than inside them. Just
one of the examples above is transactions.

Transactions should be a general purpose service available to all programs
(database applications or not) to update any computing resource (database or
not). This is all already happening. There are a number of research systems
providing distributed transactions for objects (e.g. Argus at MIT, Arjuna at
Newcastle University), in products like Transarc’s ENCINA and in standards
(e.g. the Transaction Service RFP process underway in the OMG).

Just about all of the capabilities associated hitherto with databases have
significance to distributed systems, but ripped apart into a number of indepen-
dently usable parts rather than as a monolithic whole

— general purpose queries over all computing resources

query optimization

workload optimizations (data and application migration)

run time accessible schemas (for trading, on the fly ”adaptor generation”) -
schema and systems evolution - transactions - persistence.

|

|



DBMSs qua DBMSs will continue to provide useful functionality, but lurking,
together with their intimate applications, behind a service interface.

The challenge facing the DBMS community is that databases, as we know
and love them, simply do not address all of the needs of a general purpose,
distributed computing environment. They need to be generalized and broken
down into smaller functions. This is what is being done under the name of
distributed object management. If the DBMS folks don’t do this work, others
will, and are (e.g. the vendors and ISVs supporting the OMG).

The message is: don’t be parochial. Topics such as query optimization, query
language design, object modelling, concurrency control are all interesting in the
database world, but not of wider significance. Consider the greater challenge of:
distributed computing query optimization, distributed processing language de-
sign, distributed object modelling, distributed concurrency control. More chal-
lenging but vastly more profitable when the solution is reached since it then
applies to all of computing.

Acknowledgements
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Type Derivation Using the Projection
Operation
(Extended Abstract)

Rakesh Agrawal Linda G. DeMichiel

IBM Almaden Research Center
650 Harry Road, San Jose, CA 95120

Abstract. We present techniques for deriving types from existing object-
oriented types using the relational algebraic projection operation and
for inferring the methods that are applicable to these types. Such type
derivation occurs, for example, as a result of defining algebraic views
over object types. We refactor the type hierarchy and place the derived
types in the type hierarchy in such a way that the state and behavior of
existing types remain exactly as before. Our results have applicability to
relational databases extended with object-oriented type systems and to
object-oriented systems that support algebraic operations.

1 Introduction

In relational database systems, it is often useful to define views over sets of
related data items for purposes of abstraction or encapsulation. Views are spec-
ified by using the standard algebraic query operations. Views are defined over
relations, and the “type” of a view, like that of a relation, is implicitly given
by the types of its attributes. The instantiation, or materialization, of a view is
determined by the contents of those relations over which the view is defined.

Because of their usefulness in relational databases, views have also attracted
considerable attention in object-oriented database systems. However, unlike in
relational systems, types and type extents are often decoupled in object-oriented
type systems. Thus it becomes important to separate two aspects of view oper-
ations: (1) the derivation of new types as a result of the view operation; (2) the
manipulation of instances of the source types of the view to obtain the instances
of the type derived by the view operation. It is the first of these that we shall
address in this paper.

In object-oriented type systems, there are two aspects to such type derivation
that must be considered: (1) The behavior of the derived type must be inferred—
that is, it must be determined which of the methods that are applicable to the
source types of the derived type are applicable to the new type itself. (2) The
new type must be correctly inserted into the existing type hierarchy in such
a way that existing types have both the same state and the same behavior as
before the creation of the derived type.

We consider type derivation using the relational algebraic operations, fo-
cussing here only on the projection operation. Of the relational operations, pro-



