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1 INTRODUCTION 

Learning in networked systems is a challenging field of research. This chapter introduces the 

problem we address in the dissertation. Section 1.1 explains the concept of collaborative 

agent organisations and introduces two different kinds of networked systems that form the 

context of the case-environments described later in chapter 4 and chapter 5. Section 1.2 

poses our research questions and presents the scope of our research. Section 1.3 describes 

our approach and Section 1.4 ends the chapter with an outline of the rest of the dissertation. 

1.1 Networks of collaborating and learning agents 

Today's world is a networked world. Companies organise themselves more and 

more as networked2 organisations and distributed systems are increasingly used for 

communication and collaboration purposes. On one hand, networked systems 

show high degrees of robustness and adaptability (Barabasi [13]), but on the other 

hand one often perceives that their operational performance is not always as 

expected. Examples can be found in various areas such as logistics (van 

Hillegersberg [68]), process networks (van der Aalst et al. [2]), computer networks 

(Foster et al. [49]) and business organisations (Camarinha-Matos et al. [25]). 

In the dissertation we regard networked systems as organisations of autonomous, 

collaborating entities, called agents. We are interested in optimizing the task-

handling behaviour of these organisations.  

Since learning systems are systems that automatically improve their performance 

with experience (Mitchell [95]), we study the use of learning mechanisms to improve 

the task-handling performance of organisations. Learning systems are commonly 

known as systems that can create models, generalise data, infer structures and 

relationships and adapt themselves to their environment.  

                                                
2  In general, a network, (or graph in mathematical literature), is a set of items, called elements, vertices 

or nodes, with connections between them, called links, or edges. We use the term ´network´ to stress 

the topology of an organisation that consists of connected elements.  
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Performance3 of organisations is commonly described on a global level, whereas 

actions and responsibilities lie at the level of the individual entities (Gershenson & 

Heylighen [55]).  

We are interested in how the learning capability of organisations is related to the 

learning capabilities of the individual elements (Stone & Veloso [123], Weiss & 

Dillenbourg [127]).  

 

Two different fields of research provided the context for our work: 

1. Computing grid infrastructures (networks of computer resources) 

2. Collaborative network organisations (networks of collaborating business 

organisations) 

 

Within these fields of research, we participated in two research programs that dealt 

with the subject of network management in a broad scope. Before we explain our 

role and focus in these projects, we first introduce the context of each field of 

research. Then, we explain how we describe elements of both fields in terms of 

agent organisations. 

 

1.1.1 Computing grid infrastructures 

A computing grid infrastructure is a large scale computer network designed to share 

computer resources for doing large volumes of calculations and data storage 

(Foster [48]). Grid infrastructures are typically used in weather forecasting, physics, 

bio-medical research, serious gaming and simulations. 

The Virtual Lab for e-science (VL-e) project (Hertzberger & Vos [65], Hertzberger 

[66]) focussed on bringing together distributed computing, high performance 

networking and development of scientific applications. Within the subprogram 

“Scaling up to & validating in real life applications” we worked on a grid 

infrastructure and focussed on its operational management.  

The analysis of malfunctioning behaviour of grid infrastructures is found to be 

difficult and time consuming (Foster et. al [49]). This holds certainly in cases where 

individual elements or subsections of the network appear to work well, while the 

                                                
3  In this dissertation we talk about performance of agents in terms of task-handling behaviour. We 

remark that, in general, there is no single best way to measure the performance. The kind and quality 

of performance depends on criteria that one formulates for such a network. One might distinguish for 

instance the quality of the task handled by the network, the number of tasks handled within a certain 

amount of time and so on. We are not interested in details about the techniques or criteria to quantify 

a certain kind of performance. With respect to our research we assume that the performance criteria 

used can be measured in an operational process, and can be quantified by a number. 
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collective performs below expected levels. From our experience in the field of grid 

computing we learned that cross-domain communication on performance issues is 

crucial to overcome that the networked infrastructure can, after relative periods of 

stability, break down unexpectedly and cause excessive management work. 

Our research concentrated on the development of collaborative learning 

mechanisms and the development of software that supports system administrators 

(Mulder et al. [100], Mulder & Jacobs [102]). 

1.1.2 Collaborative network organisations 

A collaborative network organisation (CNO) is a network that consists of multiple 

business organisations that collaborate in order to achieve common or compatible 

goals. Typical examples of CNOs are virtual organisations and enterprise networks. 

(Camarinha-Matos & Afsarmanesh [23]). The elements of the network are individual 

organisations, also called members, each having their own goals and operational 

processes. While each member acts within its own local environment to deliver a 

partial product or service, it collaborates and aligns its activities with others in order 

to achieve common goals. Today, the concepts of CNOs are well known but the 

aspects around their management are still subject to research (Karvonen et al. [79]). 

The European Collaborative Organisation LEADership initiative (ECOLEAD) was a 

research project about managing CNOs (Camarinha-Matos et al. [25]). Within the 

subprogram “Dynamic Virtual Organisation Management” we worked on distributed 

information management mechanisms and studied questions about performance 

measurement in networks of business organisations. Information management 

inside networks of business organisations is found to be crucial for their agility, i.e. 

their ability to adapt themselves to changes in their environment (Hodík et al. [70]). 

Our research in this project focussed on measuring performance indicating the 

degree of collaboration inside networks. We developed software that supports the 

process of information retrieval and calculation of performance indicators (Mulder & 

Meijer [99]). The software supports managers in their task of managing the 

performance of the collaborative organisation networks. 

1.1.3 Collaborative agent organisations 

The elements of grid infrastructures as well as the elements of collaborative network 

organisations can be described in terms of collaborating autonomous entities, 

called agents. Agents are powerful natural metaphors for conceptualizing, designing 

and implementing complex distributed systems (Jennings [78], Wooldridge [132]). 

There are many definitions of the concept of agents. Depending on the purpose, 

scientific discipline and context, different characteristics of agent based systems are 

used to define what they are (Moonen [96]).  
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The most commonly agreed characteristics of agents are:  

- Autonomy: agents have their own goals and fulfil their own tasks,  

- Communication: agents can interact with other agents in their environment, 

- Local task-handling: agents perform tasks using rules and objectives 

defined in their local environment. 
 

Definition: An agent is an entity that performs autonomously, communicates 

with its local environment and other agents, and executes tasks.  
 

A task may consist of sub tasks. When agents collaborate in handling a task, each 

agent may be assigned one of the subtasks.  
 

Definition: A task is a description of work to be carried out, containing a 

description of the associated sets of input and targeted output. 
 

In the dissertation we also use the term job which is more or less the same as a 

task, except that it is used from the perspective of the environment that wants an 

agent to do work, instead of the perspective of the agent that has to execute this 

work. 

A group of agents is commonly known as a multi-agent-system (MAS) (Parunak 

[107]). In a MAS agents can collaborate on the execution of their tasks. (Lee et.al. 

[84]). In this dissertation we stress the aspect of collaboration and use the following 

definition of a collaborative agent organisation: 
 

Definition: A collaborative agent organisation is a group of agents that work 

together in order to reach one or more common goals. 
 

A collaborative agent organisation can itself be modelled as an agent: the 

organisation as a whole interacts with the environment in which it exists. With 

respect to this environment, a collaborative agent organisation has its own goals 

and tasks. Furthermore, the elements of one collaborative agent organisation may 

interact with elements of another collaborative agent organisation, forming yet a 

different organisation. In such a context one may speak of an organisation 

consisting of organisations. Figure 1.1 depicts an agent organisation that is 

comprised of two other agent organisations. 

The notion of collaborative agent organisations enables us to address our two case 

environments on the same level of abstraction. Furthermore, the various software 

systems that we developed also consist of components that collaborate in their 

tasks. The design and implementation of these systems is based on software 

agents. Software agents are individual computer programs that collaborate with 

each other to perform distributed modelling tasks.  
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Figure 1.1: Two collaborative agent organisations forming yet a larger one. The agents are 

represented by circles (dark – and light circles). The lines between them represent their 

capabilities to communicate with each other. 

In this dissertation we regard three types of collaborative agent organisations: 
 

1. A computing grid infrastructure consists of numerous computing elements that 

belong to the domain of a participating member. These components act 

autonomously and are controlled by local system administrators. The 

components fulfil computational tasks and communicate with each other. A 

grid infrastructure can be regarded as a collaborative agent organisation 

consisting of computing elements and administrators. Using the notion of 

agents, we can describe a grid infrastructure as follows: 
 

A computing grid infrastructure is regarded as a collaborative agent 

organisation in which the computing elements and human system 

administrators are modelled as agents. 
 

2. A collaborative network organisation (CNO) consists of individual business 

organisations, called members, that collaborate in order to fulfil one or more 

common goals. Each member acts autonomously, performs its own local 

tasks, and communicates with other members to align its processes and 

contribute to one or more common goals. We describe a CNO in terms of 

agents as follows: 
 

A collaborative network organisation is regarded as a collaborative 

agent organisation in which the individual member organisations are 

modelled as agents. 
 

3. The software agents that we have developed in our work do collaborate in their 

information retrieval and modelling tasks, forming a collaborative agent 

organisation.  

 

A group of software agents forms a collaborative agent organisation in 

which the agents share common tasks. 
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1.1.4 Learning agent organisations 

Learning can be considered either a process or a task. As a process, learning is 

generally understood as the act of creating a model from observations, and 

generalizing that model to such an extent that it also explains future observations. 

Learned models are used in decision making processes and influence the task-

handling behaviour of the system.  

Learning can also be considered as a task, which can be performed by an agent 

or group of agents. A group of agents that collaborates in solving a distributed 

learning problem, is a collaborative agent organisation that handles a learning task. 

When the results of a learning task are used to improve the performance of a 

different task, we speak of learning as a process. When an organisation of agents 

improves on its own task-handling performance, we speak of a learning 

organisation.  

 

 

Definition: A learning agent organisation is a collaborative agent organisation 

that is able to create models of its own task-handling behaviour and use these 

models in order to improve its performance with experience. 
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1.2 Research 

1.2.1 Problem 

Networked systems, described in terms of agent organisations, cope with 

challenges in managing their task-handling behaviour. We want to understand how 

learning mechanisms can reduce those efforts and improve the task-handling 

performance.  

Performance optimisation using a traditional centralized point of view is found to be 

obsolete and undoable (Wedde et al. [126]). Instead, decentralized, adaptive and 

collaborative approaches are found to be more suitable.  

 

1.2.2 Research questions 

Our main research question is: 

 

- How can learning agent organisations make use of local learning 

mechanisms to improve their global operational performance? 

 

In order to be able to address this question properly, make the research workable, 

and use the right level of abstraction, one needs to have an adequate descriptive 

model of a learning agent organisation. We therefore ask ourselves: 

 

- What is a formal (descriptive) model of a learning agent organisation that 

we can use to study its learning capabilities and what are the basic 

ingredients of a framework based on such a model? 

 

Questions on the level of case-environments and framework experiments are: 

 

- How can we model patterns of successive events that occur in volatile 

multi domain networks? 

- What is a practical approach to model the job handling behaviour of a grid 

computing environment? 

- How can we measure performance indicators in a collaborative business 

organisation network? 
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1.2.3 Scope and objective 

Learning tasks by means of agents, a field known as Multi Agent Learning (Sen & 

Weiss [116]), has been studied widely. Some studies focus on distributed 

algorithms and applications (Eugster [44], Jennings [77], Lynch [88], Shoham et al. 

[120]), others look more into collaboration from a process or business point of view 

(van der Aalst [2], Picard [108], Senge [117]). However, formal studies on global 

learning in relation to the learning capacities of the individual agents are not covered 

by these works. Also in the domain of Machine Learning, the discipline that studies 

learning mechanisms (Mitchell [95], van Someren and Urbancic [122]), the learning 

capabilities of collaborative agent organisations are to our best knowledge 

insufficiently addressed. We therefore pose the following hypothesis: 

 

Hypothesis: The ability of an organisation to learn, i.e. to adapt itself to 

changes and experiences in its environment, depends on 1) the learning 

behaviour of its individual members, 2) the capacity of communicating results 

and models to other members of the organisation, and 3) the capability of the 

individual members to adapt their behaviour. 

 

The focus of the dissertation is on learning capabilities of collaborative agent 

organisations with applications in the area of grid computing infrastructures as well 

as in collaborative business network organisations.  

We restrict ourselves to event modelling and assume the structures can be 

represented in terms of regular languages. Our modelling techniques therefore 

focus on the inference of Deterministic Finite Automata (DFA). Since our interest is 

on causal event structures, we did not use probabilistic DFA‟s (Dupont et al. [40]) or 

timed automata (Verwer [125]). 

We recognise that there are many other areas in the field of multi agent learning 

that do contribute to our overall aim of network performance improvement but 

which, for practical reasons could not be included in the scope of this work. 

Examples are agent-based reasoning, knowledge mining and ontology negotiation 

(Diggelen et al. [37]), human-agent interaction (Heerink et al. [62]), agent 

coordination strategies (Ghijsen et al. [57]) and routing protocols (Royer [112]). 

 

The objective of the work described in this dissertation is to get a better 

understanding of learning and collaboration processes in collaborative agent 

networks and to develop mechanisms that use local learning techniques that 

support global performance optimisation.  
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1.3 Approach 

Our approach is driven by interests in fundamental learning problems and is 

strongly based on engineering and design activities that solve practical issues in 

industry.  

Our research started with a focus on network performance management in the 

domain of computing grid infrastructures (Foster et al. [49], Michaud [94]). We 

developed software agents that support performance management. Significant work 

in this field, in particular on the reduction of workload on operational management 

and detection of hidden performance bottlenecks has been done by Adriaans ([3], 

[8], [9]). Data-mining algorithms were applied on information stored in large 

computer networks. We continued and extended the work of Adriaans with learning 

agents and applied our methods in complex networked environments with 

topologies that go beyond the borders of single enterprises.  

 

In chapter 3 we describe how software agents might collaborate in learning 

grammatical structures. We develop a collaborative learning mechanism. Individual 

learners observe local datasets and combine their models in order to obtain global 

models. Given some data in the form of a sequence of events, the aim is to find the 

underlying laws or regularities that produce this data. We extend earlier work on 

grammar induction and show how it can be used to learn structures in distributed 

datasets. The learners are implemented as software agents. 

In chapter 4 we describe how these software agents support grid administrators 

in their task of operational grid management. Using the perspective of collaborative 

agent organisations, different types of organisations, i.e. the software agents and 

grid infrastructure, join. The combined organisation has a goal to improve the task-

handling performance of the grid infrastructure. Software agents infer structures in 

the network-events and system administrators make use of that information in their 

decision making. The organisation as a whole, thus the software agents together 

with the computing elements and system administrators, is regarded as a learning 

agent organisation: the software agents support and influence the decision making 

of the system administrators, which in turn control the computing elements. 

In chapter 5 we look at collaborative network organisations and study the use of 

software agents to support operational network management. The managers obtain 

performance indicator information that is retrieved by the collaborating software 

agents. The collaboration of software agents with the managers transform the whole 

into a learning agent organisation. 

Our experiences in both case environments have led to a shift in our approach, 

turning it towards the perspective of self-organisation rather than a perspective of 

distributed modelling combined with a need for global models.  
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In chapter 6 we focus on fundamental questions about learning agent organisations. 

We look at agent organisations in which the agents work together in handling series 

of tasks that are defined by an external environment. The agents also collaborate in 

modelling the structure of these tasks. Each agent has local learning capabilities 

and collaborates with other agents in its learning process. We study the learning 

capability of these organisations and propose a formal framework. Using this 

framework we study the influence of local learning mechanisms on the global task-

handling behaviour of the organisation. 

1.4 Outline 

Chapter 1 contains the motivation and scope of our research. It introduces the 

problem domain and formulates the research questions.  

Chapter 2 contains some necessary theoretical background on agents, grammar 

induction and learning by compression.  

Chapter 3 describes mechanisms used to learn from multiple isolated data sets.  

Chapter 4 describes our work in the environment of grid infrastructures. The 

mechanisms described in chapter 3 are applied to a software system that is 

developed to support an operational grid environment. 

Chapter 5 is about our efforts in the environment of business organisation 

networks. We look at collaboration performance indicators and discuss our agent 

based information retrieval system as it is used in business organisation networks. 

Chapter 6 describes a theoretical framework and experiments on learning 

capabilities of self-organizing networks. Using simulations we study how agents 

contribute to global performance improvements using local modelling techniques. 

Chapter 7 concludes the dissertation and discusses the results of our work. We 

end the dissertation with a section in which we discuss our thoughts on the 

industrial valorisation by means of a practical outlook. 

 

Appendix A describes engineering and development details.  

Appendix B contains details about the log files in the grid case. 

Appendix C contains details about the indicator information request files. 

Appendix D discusses our findings about the rise of the CNS expertise group. 

  



11 

 

Figure 1.2 shows the structure of the dissertation in terms of related areas of 

interest. The grey shaded areas represent existing, state of the art, fields of study. 

Areas that are partly greyed denote existing fields of research which have been 

extended with respect to the scope of our work. White areas denote new 

contributions as treated in this dissertation. The arrows denote that one particular 

field, subject or systems evolves from the other. The grey words indicate some 

related industrial or scientific disciplines. 

 

 

 

 

Figure 1.2: Subject overview 

  




