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Abstract

The general objective of this work is to develop a multi-agent system for
knowledge discovery, which is characterized by the capabilities that enable it to

work efficiently within open and distributed systems.

In order to achieve the above objective, we use one of the most recent agent
analysis and design methodology called GIAI and its extension Organizational

Abstractions in the analysis and design of our system.

The most beneficial outcome of using this methodology is to obtain an architectural
design of the system described in terms of a set of rﬁodcls and rules (organizational
rules, role model, acquaintance model, agent model, and service model). The
architectural design of the system addresses the issues of open systems and supports
organization metaphor. So our proposed system (MACKDD: Multi-agent
Architecture for Cooperative Knowledge Discovery in Databases) has several
~ advantages over the previous systems that integrate multi-agent technology with
either knowledge discovery or information retrieval (e.g., an organized society of
autonomous knowledge discovery agents (GLS), MACRON system, agent based

knowledge discovery and intelligent agent-assisted decision support systems).

Our system achieves the following advantages:

e Flexible organization (a set of interactive sub-organizations). Each sub-
organization or agent has a specific role in the system.

e Open multi-agent system capabilities. Our system incorporates functional
manager * agents. Those agents model other agents’ capabilities and their
changes. Also our system use organizational rules to control self-interested
agents, and rational based monitors to monitor environmental changes that
invalidate the plan. _

e Complex agent architecture. Instead of using a society of simple agents,

we use a complex architecture in building our agents, to achieve autonomy,



proactivity, and cooperation with other agents to maximize system’s output.

Those goals are achieved through providing the agent the following

components:

L. Planner. It takes as input a set of goals and produces a plan that satisfies
those goals. It uses TAEMS [Task Analysis, Environment Modeling and
Simulation] model to represent agents” tasks. This model can represent tasks’

quantitative and quality knowledge.

SS]

Coordinator. It is responsible for coordinating agents’ plans to maximize
system’s output. Our contribution to the coordinator is extending (GPGP

[Generalized Partial Global Planning]) with team capabilities.

1l

Directed goal eriteria  scheduler. It supports dynamic changing goal
criteria.
4. Exccution monitor. It takes as input the agent’s next intended action and

prepares, monitors and completes its execution,

e Achicving sccond-generation’s goals of knowledge discovery systems.
Those goals are achieved through the [ollowing:
I. Representation of optimization techniques by using TAEMS and GPGP.

2. Knowledge management and refinement. o

In this thesis we describe a variety of data mining techniques and their evolution.
Also we discuss the different techniques and methodologies of cooperation and

agents’ analysis and design.

We implement our system by using two packages (ZEUS toolkit, WEKA). We use
ZEUS to implement agents” characteristics, and we use WEKA to implement
. different steps of knowledge discovery process. Also we use the Java language to
implement some modificdtions to the previous packages to reflect our system’s

features.

We provide some experiments that reflect the most important features of our

systen.
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Chapter 1 |

Introduction

Agent based knowledge discovery provides a new technique for performing data
mining. By combining techniques froin distributed Al and machine learning,
software agents equipped with learning algorithms mine datasources, A group of

these agents will be able to cooperate to discover knowledge from databases.

A multi-agent approach to knowledge discovery is promising for variety of reasons

[Decker et al. 95]:

e Multiple .agents offer concurrency which is a big win in time in constrained
situations or when the search space is very 1a;gc, Query plans can often be
decomposed into relatively independent sub-plans with few interdependencies.
An agent executing a sub-plan functions relatively autonomously but needs to
coordinate with others where interdependencies exist. .

e When a system is dealing with enormous quantities of data, distributed
computation at the sites where the data resides may often be viable approach
compared to migrating data to a centralized processing location. Agents can
reside at the data sources and perform distributed coordinated knowledge
discovery.

* Agent-based architectures offer modularity, robustness, and other advantages of

a distributed System.

Traditional knowledge discovery systems can’t work efficiently within dynamic
“environments because the mining tasks are generally mapped onto static, pre-
specified mining plans. Such systems don’t have the capabilities that enable it to
exploit dependencies among mining methods, monitor environment changes, to
adopt itsell with dynamically changing goal criteria, and provide intelligently trade~

of solution quality for resource limitations. Therefore a sophisticated view of the



knowledge discovery process (KDD in short) is required, where the process must
be dynamic, incremental, and constrained with resource limitations. In order to
achieve an integration of data mining techniques and software agents a number of
issues need to be addressed before such integration can take place. Such issues

include:

KDD process: The discovery process is a multi-step process, and the KDD agents
should be divided into three groups based on the learning phases (pre-processing,
knowledge» elicitation, refinement and management), therefore the planning should
be done in a multi-step mode. Furthermore since the discovery process is a
repetitive process, this implies that revising a plan and re-planning are necessary

[Zhong et al. 97].

Dynamism: A central problem faced by many agents who plan is that the world is
constantly changing. This is especially true in the case of multi-agent environments,
since agents are inherently dynamic entities. They appear and disappear, and their
abilities may change over time. For example, changing abilities of KDD agents (i-e
availability of more efficient data mining; algorithms). Also, the construction of
plan and scheduling and execution of the plan’s actions take time. During this time
the environment may change, invalidating the plan, this implies that
implementation of rational based monitors to detect changes in the environment

that are relevant to the plan is required [Veloso et al. 98].

‘Knowledge sharing: There is an interoperation between the different agents in the
entire. KDD System. In order to facilitate such interoperation, it is required that the
knowledge communication is interpreted in a clear manner. KQML is a language

developed for this purpose [Finin et al. 94];

System Coordination: It is important for all various agents under the KDD system
architecture to be coordinated to contribute towards the overall KDD process. In

many cases, agents’ plans may be either conflicting or ambiguous because of
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