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Preface

Information systems have become the backbone of all kinds of organizations to-
day. In almost every sector — manufacturing, education, health care, government
and businesses large and small — information systems are relied upon for ev-
eryday work, communication, information gathering and decision-making. Yet,
the inflexibilities in current technologies and methods have also resulted in poor
performance, incompatibilities and obstacles to change. As many organizations
are reinventing themselves to meet the challenges of global competition and
e-commerce, there is increasing pressure to develop and deploy new technologies
that are flexible, robust and responsive to rapid and unexpected change.

Agent concepts hold great promise for responding to the new realities of in-
formation systems. They offer higher-level abstractions and mechanisms which
address issues such as knowledge representation and reasoning, communication,
coordination, cooperation among heterogeneous and autonomous parties, per-
ception, commitments, goals, beliefs, intentions, etc., all of which need concep-
tual modelling. On the one hand, the concrete implementation of these concepts
can lead to advanced functionalities, e.g., in inference-based query answering,
transaction control, adaptive work flows, brokering and integration of disparate
information sources, and automated communication processes. On the other
hand, their rich representational capabilities allow for more faithful and flex-
ible treatments of complex organizational processes, leading to more effective
requirements analysis and architectural/detailed design.

The Agent Oriented Information Systems (AOIS) workshop series focusses
on how agent concepts and techniques will contribute to meeting information
systems needs today and tomorrow. To foster greater communication and in-
teraction between the information systems and agents communities, the AOIS
workshop is organized as a bi-conference event. It is intended to be a single “log-
ical” event with two “physical” venues. This arrangement encourages greater
participation from, and more exchange between, both communities.

AOIS 2004 was the sixth edition of the workshop. The first part was hosted on
the 8th of June at CAiSE 2004 - the 16th International Conference on Advanced
Information Systems Engineering — in Riga (Latvia). The second part was held
on the 20th of July at AAMAS 2004 — the 3rd International Joint Conference on
Autonomous Agents and Multi-agent Systems (AAMAS 2004) — in New York
(USA). The workshop received in total 36 submissions, 23 of which were ac-
cepted for presentation. These papers were reviewed by at least 3 members of an
international Program Committee composed of 31 researchers. The submissions
followed a call for papers on all aspects of agent-oriented information systems
and showed the range of results achieved in several areas, such as methodologies,
applications, modelling, analysis and simulation.



Vi Preface

This volume contains the revised versions of 14 selected papers presented at
the workshop and an invited paper by Terry Halpin who gave a keynote speech
at the CAiSE event. The papers are grouped into four categories: information
systems, analysis and modelling, methodologies, and applications.

We believe that this carefully prepared volume will be of particular value to
all readers in these key topics, describing the most recent developments in the
field of agent-oriented information systems.

We thank the authors, the participants and the reviewers for making
AOIS 2004 a high-quality scientific event.

March 2005 Paolo Bresciani
Paolo Giorgini
Brian Henderson-Sellers

Graham Low
Michael Winikoff
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An Agent-Based Collaborative Emergent Process
Management System

Aizhong Lin, Igor Hawryszkiewycz, and Brian Henderson-Sellers

Faculty of Information Technology,
University of Technology, Sydney,
POBox 123, Broadway,

NSW 2007, Australia
{alin, igorh, brian}@it.uts.edu.au

Abstract. An emergent process is a process whose goal and activities to achieve
the goal are unable to be specified in advance but emerge over time as knowledge
gained from the activities performed earlier shapes the subsequent goal and
activities. Collaborative emergent process management needs functions to support
the representation and storage of emergent process instances, process automation
and knowledge sharing. Traditional process management systems lack the full
functionality of collaborative emergent process management. Our research
provides an agent-based collaborative emergent process management system that
provides the full functionality needed for managing emergent process instances
collaboratively. This paper presents the system including the management model,
system architecture, major components, key modules and an application.

1 Introduction

An emergent process is a process whose goal and activities to achieve that goal are
unable to be specified in advance but emerge over time as knowledge gained from the
activities performed earlier shapes the subsequent goal and activities. A research
project is an example of an emergent process. Emergent processes have the following
distinctive features. Firstly, an emergent process may not have a predefined goal, or
its goal may mutate over time. Secondly, an emergent process does not have a
predefined solution. The solution of each emergent process instance differs from the
solutions of other emergent process instances. Thirdly, an emergent process is a
knowledge-driven process. The process knowledge gives direction to the current
process. Next, an emergent process will not terminate until a satisfactory conclusion
1s reached - achieving a business goal is not the termination condition of an emergent
process. Finally, an emergent process is the intertwining of two process stages -
process definition (also called process modelling) and process enactment (also called
process execution). In the process definition stage, process participants determine or
change the process goal and activities. In the process enactment stage, process
participants perform the activities and harvest the knowledge.

Managing emergent processes requires a management system equipped with the
functions to support the representation and storage of emergent process instances,
support process enactment, support the intertwining of process definition and

P. Bresciani et al. (Eds.): AOIS 2004, LNAI 3508, pp. 1-18, 2005.
© Springer-Verlag Berlin Heidelberg 2005



2 A. Lin, I. Hawryszkiewycz, and B. Henderson-Sellers

enactment, and support process knowledge management and sharing. Traditional
process management, which focuses on managing routine processes, is inadequate for
managing emergent processes because (1) early systems [1,2] do not provide a
mechanism to bridge process definition and process enactment, and (2) recent systems
(such as workflow management systems) lack the capability to support the evolution
of process goals and activities.

Our research contributes an agent-based collaborative emergent process
management system to support emergent processes by interacting with human process
participants to define and change goals and activities; perform process activities; and
manage and share process knowledge. The system consists of two components: a
process workspace manager and a personal process agent framework. The process
workspace manager resides on a server to manage process workspaces that are used to
represent and store emergent process instances. The personal process agent
framework is used to construct personal process agents that run on a client allowing
process participants to define or change process instances (including goals and
solutions), achieve goals or execute activities, support interactions between process
participants, and manage and share process knowledge. An experimental emergent
process management system has been implemented as demonstrated here.

2 The Management Model

An emergent process instance can be represented by a meta-model (Figure 1). An
emergent process meta-model defines a collection of elements (such as process goal,
process activity, process constraint) and their relationships (such as activity
“achieves” a goal) used in emergent processes.

process modeling

w

achieves

defines >

instanced

responsible for

enacts

instanced

AN

A

has

process instance — activity instance

fills

performs

process enactment

Fig. 1. The meta-model to represent emergent process instances
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An emergent process instance (left arrow in Figure 2) can be defined (create,
change, or mutate the goals, activities, constraints) by process participants who can
also achieve goals or perform activities defined in the instance. Process participants
can perceive the changes that take place in the process instance and harvest process
knowledge from performing the process instance (right hand arrow in Figure 2). The
newly gained process knowledge combined with existing knowledge is used to define
process goals and activities (back to the left arrow).

Emergent process instance

Emergent process instances

*  perceive process events f \

*  harvest process knowledge define/perform/perceive/harvest

* define process goals, activities,
, ..., termination conditions

e perform activities participant 2

participant 3

K: knowledge

Process participants

participant n

Fig. 2. The management model Fig. 3. The detailed management model

During the enactment of an emergent process instance, distributed process
participants interact with each other. Figure 3 expands the system architecture shown

in Figure 2 for managing emergent business processes. From these two figures,
process functions can be summarized as:

e define: create, modify or mutate process elements

e perform: execute activities to achieve process goals

e perceive: perceive changes in process instances

e harvest: harvest process knowledge from emergent process instances

® manage: manage process knowledge and the path of changes for process
instances

e interact: support interactions between process participants

3 The System Architecture

The emergent process management model determines the emergent process
management system architecture. To convert the management model to the system
architecture, two decisions have to be made. Firstly, a process workspace component
is developed to represent and store instances of emergent processes. The process
workspace component consists of

e a process workspace (PW) model is a set of process elements, a set of
relationships between process workspaces and a set of links each of which
connects a process workspace to another process workspace.
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® a directed process workspace graph (DPWG) contains a set of related process
workspace to represent a process instance.

® a process workspace library (PWL) contains a set of directed process
workspace graphs in an organization.

® a process workspace manager (PWM) is a software component that manages a
PWL. The management functions provided by PWM include the creation,
retrieval, modification, deletion and access control of a single PW in the PWL.

Secondly, software agents are developed to assist human process participants to
define and perform process instances, to perceive process events, to harvest process
knowledge and interact with each other. Each agent, called the personal process agent
(PPA), works on behalf of one and only one human process participant. It is situated
in a specific process environment (such as an organization) and is capable of
autonomous and flexible actions to respond to changes in the process environment.

The management system has two components: a process workspace manager
(PWM) and a set of personal process agents (PPAs) (Figure 4). The PWM maintains
DPWGs, each of which contains a set of related PWs, used to represent and store
emergent process instances (top of Figure 4). PPAs (middle of Figure 4) are employed
to assist the work of human participants. Each PPA is generated from a generic
personal process framework. An agent has process functions to define process
elements and relationships for process instances in PWs, to perceive the events that
have taken place in PWs, to achieve goals or execute activities defined in PWs, to
harvest process knowledge from activities performed and to interact with other PPAs.

K: knowledge

PPA: Personal process agent

Fig. 4. The architecture of an emergent process management system
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The system architecture is a hybrid, combining three traditional architectures:
client/server, peer-to-peer and producer/consumer. Firstly, the client/server
architecture is necessary in this system architecture because:

* An emergent process instance should be accessed by all participants who have
permission to work on it.

e The process instance should appear the same to all participants at all times.

Secondly, the producer/consumer architecture is necessary to:

® Produce: any human participant may define or change (produce) process goals
or activities and advertise process knowledge in the process instance.

e Consume: any human participant may perform process activities or achieve
process goals.

However, this producer/consumer architecture extends traditional producer/
consumer architecture in two respects:

* In a traditional producer/consumer architecture, producers and consumers play
different roles. A producer is not a consumer and a consumer does not have to be
a producer. In our producer/consumer architecture, however, a PPA can be both
producer and consumer, i.e., a PPA may produce goals or activities for others to
consume, and consume goals or activities produced by others, even by itself.

e In a traditional producer/consumer architecture, producers do not have to wait
for the results of consumers. In this architecture, however, producers may expect
the results from consumers to produce new goals or activities.

Finally, the peer-to-peer architecture is needed because:

e Participants in a group are naturally distributed.

e The relationships between human participants are peer to peer because no
participant can control other participants. No participant can directly access
knowledge owned by other participants.

4 The Implementation of the Emergent Process Management
System (EPMS)

Based on the system architecture, the management system is implemented with two
components: the process workspace manager (PWM) and the PPA framework.

4.1 Support Techniques

The emergent process management system is implemented as shown in Figures 5 and
6. Figure 5 illustrates the technical support of the PWL (Process Workspace Library)
and the PWM. The PWL is built on two technologies: Folders/Files management
technology and PWXML (Process Workspace XML — designed by the first author as
part of his PhD). Folders/Files management is used to manage folders and files in
which each folder is a DPWG (Directed Process Workspace Graph) and each file is a
PW. Based on standard XML [3], PWXML is used to represent the PW, each PW



