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Abstract

“Grid” is a hardware and software infrastructure that
provides dependable, consistent, pervasive, and inexpensive
access to high-end computational capabilities. Grid
coordinates resource sharing and problem solving in dynamic,
multi-institutional virtual organizations. Grid-based Problem
Solving is called grid computing, which has emerged as a
research hot spot field currently. Distributed environment
based grid computing has characteristics such as
heterogeneity, extensibility, openness and adaptability.
Therefore, software systems based on grid infrastructure are
different from software systems based on conventional
distributed environment. It is to appear autonomous,
cooperately, open and interoperable. We called this software
form Grid Software, or Grid Distributed System .

Progress in software modeling technologies over the past
two decades has been made through the development of
increasingly powerful and natural high-level abstractions with
which to model and develop complex systems. Procedural
abstraction, abstract data types, and, most recently, objects
and components are all examples of such abstractions. Object
has become the chief paradigm in software engineering field,
whereas, object-oriented modeling method is a static and
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close technology framework in essence. From the perspective
of Grid Software, object-oriented methods are difficult to
adapt well to the features of grid software. The development
of grid computing has challenged . conventional software
architectures, methods, technologies and platforms.

If grid computing is considered from a Distributed
Artificial Intelligence (DAI) perspective, it is similar to a
Multi-Agent System (MAS), since entities in a MAS and the
grid have autonomous behavior. Aut(-)nomy is one of the key
abstraction features of agents. Other features of agents
relevant to grid entities include social ability, as well as
adaptability and pro-activeness. Different in addition,
software agents are heterogeneous, which could be
implemented in different programming languages and
technologies. These characteristics of agents justify the
selection of agents as the main abstraction for modeling grid
software.

Most of today’s agent-oriented modeling methods
emphasize modeling conventional close software architecture,
and while model a grid software, they lack of effective
concept abstraction and declarative models. Based on the
research of grid architecture and main agent-oriented
software modeling methods, this thesis puts forward a new
modeling method for agent-oriented analysis and design based
on OGSA architecture, AOMG ( Agent-Oriented Modeling
based on Grid). The main research contents of AOMG
method include:
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1. Proposes a multi-agent architecture of the distributed
software that based on OGSA grid infrastructure.

2. Based on traditional definition of agent, incorporating
the characteristics of Grid Software and the idea of grid
service from OGSA, AOMG redefines the concept of agent,
as well introduces some new abstraction concepts (such as
Virtual Organization , GridAgent and GridService) related to
gird architecture. These new concepts provide an abstraction
mechanism for modeling grid software.

3. By improving i* framework and extending UML, and
taking viewpoints from Organization, AOMG presents a
visual modeling framework for grid software. At the same
time, AOMG provides model mapping rules based on meta-
model level, which solve the problem of agent’s elicitation
during requirement analysis stage, and narrow the gap
between anlysis models at agent-level and design models at
object-level.

4. At the basis of AOMG modeling theory, by extending
Object-Z language, this thesis proposes a formal modeling
framework, Formal AOMG. This formal framework provides
meanings for common concepts and terms of AOMG precisely
and unambiguously, and does so in a readable and
understandable manner. As well, it provides a foundation for
subsequent development of new and increasingly more refined
concepts, as well provides formal foundation for models’
transformation and development of visual modeling
environment.
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5. In order to enable resource sharing and‘coordinated
problem solving in dynamic multi-institutional virtual
organizations, it’s necessary to solve the resource matching
problem. In AOMG method, we propose an ontology-based
resource matching method, and present a resource ontology
model by extending UML class model. A meta-model
mapping rule table between UML and OWL is proposed to
facilitate the construction of OWL-based resource ontology.

6.In order to test the validity of the above methods, we
develop a modeling environment based on AOMG method,
AOMG Toolkits. This modeling environment supports
developer to model system visually, analyze and check
models. AOMG Toolkits store models in OWL format, and
check model syntax by introducing meta-model’s facet
constraint.

7. Through an e-government grid portal application
example, we demonstrate the requirement acquirement of
grid software, the creation of analysis models and design
models (as well formal models), elicitation of agents, the
mapping from anlysis models to design models and the
creation of resource ontology model.

Key words Grid Computing, Grid Software, Agent, Grid Agent,
Grid Service, AOMG, Object-Z, Formal AOMG, Ontology, OWL,
Meta-Model Mapping, Model Syntax Checking
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