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Abstract

Dynamic reconfiguration of distributed software has
attracted much attention of research in recent years. Existing
work on dynamic reconfiguration can be found in literature.
However, how to compose and reconfigure a component-
based distributed software (CBDS) remains a big challenge.
Generally, distributed software components are homogeneous
and components in the CBDS can be heterogeneous. The
communication between the CBDS components is more
complicated. Although the middleware technologies offer the
support to work with heterogeneous and distributed
components, they lack facilities to describe the global
organization of a CBDS and dynamically reconfigure the
CBDS. This paper mainly concerns with the dynamic
reconfiguration of the CBDS.

The paper presents a novel, graph-oriented approach,
named as the GOPMCBS ( Graph-Oriented Programming
Model of Component-Based Software), for composing and
reconfiguring the CBDS. Based on the GOPMCBS, the paper
also probes into the deep related issues, including the
description of software architecture for the CBDS, the
seamless connection between design and programming of the
CBDS, the analysis of dynamic component dependencies and
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dependencies description, the visualization of the
GOPMCBS, and so on. The prototype implementation and
experiments show that the GOPMCBS not only supports the
composition and reconfiguration of the CBDS but also
supports the powerful graph-oriented programming to make
the development of the CBDS simpler and more visual. The
GOPMCBS also partly supports the fault tolerance and the
reuse of software architecture.

The main contributions of the paper are as follows:

(1) A novel graph-based dynamic reconfiguration model
GOPMCRBS is proposed. In the GOPMCBS, the software
architecture of the CBDS is described as a logical graph, of
which nodes represent components and edges denote the
relationship between components. Marking an edge with a
label shows what kind of relationship is between the
components, such as method invocation, inheritance, and
relevancies, etc. The GOPMCBS plays several important
roles in the development of a CBDS. It not only provides an
abstract  graph-oriented framework for  modeling,
programming and dynamically reconfiguring a CBDS, but also
acts as the communication middleware among the components
of the CBDS.

(2) The proposed model GOPMCBS unifies the whole
process of software architecture description, dynamic
reconfiguration and programming of the CBDS, thus really
implements the seamless connection between the design and
programming of the CBDS. Not only does the GOPMCBS

— > 2
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support dynamic reconfiguration of the CBDS, but also
provides users with unified graph-based primitives to describe
the software architecture of the CBDS and program the
CBDS. The dynamic reconfiguration and fault tolerance of
the CBDS are also implemented by executing the set of
primitives. Therefore, the GOPMCBS tries to narrow the gap
between concept-level design and detailed implementation of
the CBDS and simplifies the programming of the CBDS.
Moreover, software architecture reuse under the GOPMCBS
is supported by the mechanism of sub-graph class deriving.

(3) The paper analyzes the dynamic component
dependencies and presents an approach to describe the
component dependencies of the CBDS. The GOPMCBS
provides users with a graph-based and XML-based approach,
which shows the interaction and reciprocity between
components in a running CBDS, focusing on the CBDS logic
instead of the detailed code. The GOPMCBS could
dynamically reconfigure the CBDS better through parsing the
XML (Extensible Markup Language) files which illustrates
the dynamic component dependencies and describes the
software architecture. The graph-based and XML-based
approach also keeps the expansibility of the GOPMCBS.

(4) The prototype implementation of the GOPMCBS
under the environment of the CORBA (Common Obiject
Request Broker Architecture) partly archives what the CCM
(CORBA Component Model) proposed, thus narrows the gap
between the current CORBA programming model and the

3 4¢———
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CCM. There is currently a lack of implementations that are
based on the CCM. Our prototype implementation of the
GOPMCBS is CCM-compatible and archives part of what the
CCM proposed, thus supports the CCM. Although the
GOPMCBS has not achieved fully what the CCM is targeted
at, it narrows the gap between the current CORBA
programming model and the CCM. That is to say, not only
have we implemented a prototype of the GOPMCBS under the
environment of CORBA, but also we are enhancing our
approach to support the concepts that are defined in
the CCM.

(5) The paper implements a visual integrated
development environment for the CBDS. The GOPMCBS
provides developers with an intuitive abstraction of the
software architecture and a set of predefined graph
operations. Using these intuitive abstraction and graph-based
primitive, named as the GOPMCBS API, users can write the
code for their CBDS that makes use of the GOPMCBS
abstractions. We have developed the GOPMCBS LIB, which
implements the GOPMCBS API by providing a set of routines
for converting and mapping the GOPMCBS communication
primitives into the method invocation, and routines for
querying and manipulating graphs.

Key words  component-based distributed software, dynamic

reconfiguration, graph-oriented programming, GOPMCBS,
component dependencies
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