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1 Introduction

Early, major attempts have been done to identify functionalities required to
support modern SEE [6, 11, 15, 4, 13]. They have claimed the inadequacy of
(extended or not) relational Data Base Management Systems, due to the limit
of the relational model. As a consequence, new DBMS have been considered.

These new DBMS rely on two main classes :

• DBMS specifically designed for SE purposes, like PCTE [9] and CAIS-
A [7]. An important point regarding these propositions is that they have
been designed to fit SE requirements and thus do not focus only on data
management but also on all services that should be common to all en-
vironments : program execution facilities, input/output, protection and
security. Their first concern is to allow existing tools to be integrated and
ported easily;

• at the opposite, Object Oriented DBMS are more general and want to
support a large range of design applications [1]. They primarily focus on
data modeling and are more concerned by making services provided by
relational DBMS evolve to support new applications.

However, as argued in [10], but not always for the same reasons, we think
that “despite the substantial number of these new database systems, a suitable
database system for Software Development Environment (SDE) does not yet
exist”.

In this paper, we first discuss advantages and drawbacks of each approach.
Then, based on our proper experience in the P-ROOT & COO project, we take
position for the PCTE approach.
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2 PCTE versus Object Oriented DBMS

We discuss here strong points and main drawbacks of both approaches with
regard to the requirements for implementing modern SEE.

2.1 Object Oriented DBMS

As general databases, Object Oriented DBMS like O2 [2] or Gemstone [5] mainly
focus on data modeling and provide real Object Oriented data models, including
encapsulation, inheritance and polymorphism, that are particularly suitable for
describing complex software objects. Well-defined interfaces are provided for
accessing and modifying them. Another strong point of such systems is their
ability to manipulate objects of any granularity.

But, OODBMS as they are, have also deficiencies that make them inap-
propriate to support software environments. First, view mechanisms, when
provided, are relational-like views, i.e. a view is built as a sub-part of a more
general existing schema. This form of view does not fit requirements for tool
integration. Another drawback is about access rights, transaction mechanisms
and locking. Access rights are most of the time defined on classes rather than
on objects and this is very restrictive to be used in a SEE. Provided transaction
mechanisms are conventional ones, i.e. short-termed and based on serialization.
In addition, locking is generally done on a page basis. Again, this is too restric-
tive to be used in a SEE. Finally, such systems are pure databases management
systems and do not integrate operating systems services like program execution,
audit or security, which are, in our opinion, of a first importance to implement
SEEs and integrate tools.

2.2 PCTE

Unlike OODBMS, PCTE was designed specifically for software engineering pur-
poses and thus has many strong points in regards to the requirements. We don’t
list all of them here, but the most important ones.

The first one is its public standard interface that allows multiple implemen-
tations and a very high portability of applications. Its view mechanism, which is
quite different of those provided by relational systems, is especially well adapted
to tool integration : each process defines its own view by aggregating existing
schemas. The database general schema is then implicitly defined by the aggre-
gation of the total set of existing schemas. This is a very powerful mechanism
for tool integration since it allows each tool to define its own view independently
from the others. Another strong point of PCTE concerns its ability to define ac-
cess rights and locks on an object basis. Finally, a very important aspect is that
PCTE provides not only object management services but also operating system
services like program execution, inter-process communication and security. In
PCTE, every concept, e.g. the execution of a program, is represented in the
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database as an object, or an object attribute, and thus may be easily accessed
by other processes. This is very powerful to implement control integration poli-
cies in a SEE and avoid a kind of impedance mismatch that exists between
operating systems languages and database management systems languages.

However, PCTE has also drawbacks and limitations with regard to the needs
for SEE design. The first one concerns the lack of a full object oriented model.
The PCTE data model proposes a structurally object oriented model but does
not provides for encapsulation of objects and operations. Next, PCTE pro-
vide only a navigational, one-per-one access to object but no real set-at-a-time
declarative query language. The PCTE transaction mechanism, although based
on a nested approach, is not powerful enough for SEE purposes since it does not
provide long-term, cooperative execution. Finally, a weak point against PCTE
is its difficulty to manage fine-grained objects. In fact, this is not a problem
of object size, since PCTE allows the modeling and manipulation of objects of
arbitrary size, but rather a problem of performances when accessing or loading
a lot of small sized objects. This is due to the fact that access rights, security
and locks are managed on objects each time an object is accessed and to the
requirement for enforced state isolation [14]. This may lead to bad performances
when dealing with a lot of fine-grained objects, and precludes the loading of a
set of object at a time.

2.3 Discussion

Not all requirements have been detailed. For example, distribution, object ver-
sioning, workspace management or active capabilities have not been discussed.
However, both approaches seems to be at the same level as regards these topics
or may be extended to take them into account without major evolution in their
concepts.

The two previous paragraphs have shown that the two approaches have
strong points but also limitations and need to be enhanced. OODBMS need
evolution so as to include view mechanisms adapted to tool integration require-
ments. In the same way, work has to be done to provide more powerful trans-
action and locking mechanism or more sophisticated access rights. Finally, the
impedance mismatch induced by the lack of operating system services has to
be solved. These aspects require major evolutions of such OODBMS. Some
projects, like GoodStep, are working in this direction.

In contrast, we argue that PCTE limitations can be solved without major
modifications in its model and/or public interface [16]. Work has been done
by projects like OOTIS [14] and PCIS [17] to support fine-grained objects by
plunging PCTE in a more general object-oriented type hierarchy which includes
a fine-grained object type and allows to control locking, access rights and security
at a fine grain level. Versionning and querying, although not defined in the first
versions of PCTE, may be added on top of PCTE. Preliminary work on these
topics has been done as part of the PACT project [18]. Finally, we demonstrate
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in P-RooT &COO the feasibility on top of PCTE of encapsulation through a real
object oriented model, of sophisticated transaction mechanism development, of
workspace management and of active capabilities support.

3 P-RooT & COO

This section presents how some limitations of PCTE can be solved by adding
services on top of the PCTE public interface. This is done as part of the COO
project (see 3.1) which was settled as a continuation of the ALF Esprit project.
COO and its supporting framework P-RooT, are also designed on top of PCTE.

3.1 COO

COO aims at providing a SEE framework and particularly focus on supporting
COOperation and COOrdination of software engineering activities. The key
idea in COO is to base software execution correctness on a safe transaction
model but to relax serializability by taking into account process knowledge. In
COO, a Software Process breaks down into tasks and activities. Activities are
atomic processes which modify objects, tasks are processes which coordinate,
synchronize their sub-tasks, but delegate object modifications to their enclosed
activities. To describe how sub-tasks synchronize, a set of integrity and tran-
sition constraints are attached to each task. It is especially the knowledge in
these constraints which is exploited by the COO transaction model to relax
serializability and to allow cooperative execution( [3]. More about the COO
transaction model can be found in [12]. The work on COO has provided many
requirements concerning the database engine to be used (see 3.2).

3.2 P-RooT : Extending PCTE functionnalities

The objective of P-RooT, an already implemented prototype on PCTE/Emeraude,
is to provide a testbed for advanced database functionalities to support SEE con-
struction and especially the COO model. P-RooT is based on PCTE. The first
extension which has been made to PCTE has been to allow procedural attach-
ment to PCTE object types. Thus it is possible to attach operations to PCTE
object types. These operations are then seen as new properties of types and
are inherited using the already existing PCTE inheritance mechanism. P-Root
allows overloading (a la Ada) and overriding of operations.

A dynamic call interface allows to send requests to objects and a late binding
mechanism manages the mapping from requests to actual operation execution.
An important point is that overriding can be done through inheritance but also
using the PCTE view mechanism. Thus, the behavior of an object does not
depend only on its type but also on the context (the set of views) in which it is
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used. This provides a very flexible way to test and integrate tools in different
kinds of environments [8].

Another important point is that P-RooT separates operation specification
from operation implementation. Operation implementation can be done in sev-
eral languages, for several hosts. Several implementations can coexist for one
operation.

P-RooT is now used for the design, the implementation and experimen-
tation of new mechanisms that will allow to support the COO model. A
workspace management mechanism is now being implemented. It is based on
the Copy/Modify/Merge paradigm. Checkin/checkout and Update operations,
that are implemented as P-RooT methods, allow the creation of a version tree.
Access to the right version of an object is done through a workspace by expend-
ing the object path-expression.

A complex event detection mechanism is being designed and will be the basis
for a general trigger mechanism. Each P-RooT method is a potential primitive
event, and may be combined with others to form more complex and composite
events. Both definition and detection of complex events are done through the
PCTE view mechanism. This mechanism is designed to support the active part
of COO.

These two mechanisms are required for the experimentation of COO, and
their current development makes an intensive use of the Object Oriented features
provided by P-Root.

4 Position and conclusion

Due to the inadequacy of relational database systems, new classes of DBMS are
under consideration for implementing Software Engineering Environments. Two
kind of systems are mainly concerned : Object Oriented DBMS, and PCTE-like
systems. Both approaches have advantages and drawbacks. However, our pref-
erence is for PCTE-based systems. The main argument is that PCTE provides
Operating System Services Data Management Services integration. In addition,
we have demonstrated the capabilities of PCTE to meet new requirements in
the P-Root & COO project, based on an object-oriented extension of PCTE
that allow the definition of advanced database functionalities. First experiences
with P-RooT have shown great promises for its future use as a tool integration
framework and for software modeling support.
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