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7 CONCLUSION 

In this chapter we present our conclusions and general results of the work described in this 

dissertation. We address the research questions and discuss our key findings. We end with a 

discussion in which we address the industrial valorisation by means of a practical outlook 

towards possible applications and further exploitation of the rationale behind the dissertation. 

7.1 Results 

The overall aim of our work was to analyse, understand and possibly improve the 

task-handling behaviour of collaborative agent organisations. We looked at the 

learning capabilities of these organisations and studied how individual learning, 

communication and collaboration capabilities influence the organisation‟s global 

performance.  

 

The research was performed around two main research questions and three case 

related questions. We will treat the main research questions in section 7.1.1 and the 

case related questions in section 7.1.2. 

7.1.1 Answers to the main research questions 

Our main research questions as posed in the introduction chapter are: 

1) How can learning agent organisations make use of local learning 

mechanisms to improve their global operational performance? 

2) What is an 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? 

 

We will formulate our answer to the first question in the form of process steps. These 

steps are worked out in sections 7.1.1.1 and 7.1.1.2, where we make a distinction 

between learning using global models and learning without using global models. 
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In section 7.1.1.3 we stress the difference between organisation learning and 

environment learning.  This provides an additional answer to or first research 

question.  

For the answer to our second research question we refer to the descriptive 

framework as presented in chapter 6.  

7.1.1.1 Learning in agent organisations using global models 

In chapter 1 we defined a learning agent organisation as a collaborative agent 

organisation that is able to learn models of its task-handling behaviour and use 

these models to improve its performance with experience. In the dissertation we 

focussed on environments where information needed for learning is only locally 

available. In such environments global learning processes, in which entities outside 

the organisation can learn the organisations behaviour, are not possible.  

In chapter 3 we developed a collaborative grammar induction mechanism. We 

applied this mechanism in chapter 4 and showed how software agents and human 

system administrators collaborate in a learning agent organisation. Chapter 5 

discussed the role of software agents in a second case environment, where they 

supported business managers of a collaborative network organisation (CNO).  

Based on the work described in these chapters an answer to our first question can 

be formulated as follows:  

Learning in agent organisations is a process that consists of the following steps:  

1. agents use a local learning mechanism to obtain models of task-handling 

behaviour in their local environment,  

2. agents share these local models and combine them into global models, 

3. agents communicate the combined model to other agents that can influence 

the assignment of tasks to agents in the organisation, 

4. the other agents use these combined models in decision making processes. 

 

In the grid infrastructure case, the software agents learn models that represent event 

structures in local domains (step 1) and combine these models into larger, cross-

domain models (step 2). The software agents are operating in a grid infrastructure, 

an environment that itself could be described in terms of a collaborative agent 

organisation. While being considered as part of that organisation, they provide their 

models in the form of overviews to other agents, i.e. the system administrators (step 

3). These other agents use the overviews in making decisions about the control of 

the task-flow in the collaborative organisation (step 4). 

 

Similar steps can be described for the CNO case: The software agents retrieved 

metric information (step 1+2) and presented calculated indicator values (step 3) to 

business managers responsible for managing the network (step 4).  



111 

 

At first sight we can say that these steps provide good directions for answering the 

main research questions. However, we found out that using global models can lead 

to problems on their value and on the scalability of the system. The merge of local 

models gives rise to some practical and theoretical issues: first, as explained  at the 

end of chapter 3, the combination of local models not always leads to better global 

models. Second, we know from theory that the computational complexity of 

calculating the models may drastically increase with the size of the data. In chapter 

2 we also mentioned that learning optimal DFA models is an NP-hard problem. 

Together, these arguments resulted in closer studies at learning processes, possibly 

without the need for using global models. 

7.1.1.2 Learning in agent organisations without using global models 

In chapter 6 we presented a formal descriptive model of a learning agent 

organisation. Based on this descriptive model we developed a software workbench 

and used it to study the learning capacities of agent organisations. We showed that 

agent organisations can learn without the need of global models. The idea behind 

our framework was based on an extension of the classical language learning setting 

(Language identification in the limit) in which a teacher provides examples to a 

student that must guess a correct grammar. In our model the teacher was 

transformed into a workload dispatcher and the student was replaced by an 

organisation of workers. The jobs that the dispatcher created consisted of series of 

typed tasks. The structure of these jobs resembled sentences of a regular language. 

The workers in the organisation we provided with language learning capabilities 

which allowed them to learn local work-distribution strategies. 

 

Based on the work described in chapter 6 we refine the steps for learning in agent 

organisations: 

1. agents learn local models of external task structures and local work 

distribution strategies, 

2. agents share information about their involvement in completed tasks series, 

3. agents use this information to update their local models,  

4. local models are used in making decisions to forward tasks to other agents. 

 

Experiences with the framework and the software workbench showed that the 

learning capability of a collaborative agent organisation can be achieved by the 

individual learning capabilities of its members, communication with the organisation, 

and the capacity of the individual members to adapt their behaviour. This 

corroborates our hypothesis posed in the introduction of this dissertation.  
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7.1.1.3 Organisation learning vs. environment learning 

When looking at learning agent organisations, one can make a distinction between 

organisation learning processes and environment learning processes. The impact of 

both forms of learning on the organisation is different: on one hand the internal 

structure of the organisation needs to be managed, on the other hand the 

organisation is forced by external task structures to organise itself in such a way that 

it can handle those tasks. We see this as an interesting result in the understanding 

of learning in collaborative agent organisations. 

As generalisation normally implies a reduction of complexity in learned models, 

one might think that the complexity of an organisation reduces during its learning 

process. However, as a consequence of the difference between organisation 

learning and environment learning, the complexity of an agent organisation, in terms 

of the agent models does not always decrease during the process of learning. 

Where organisation learning processes normally reduce the complexity of an 

organisation, environmental learning processes may cause the complexity of the 

organisation to increase.  

In the learning process steps mentioned above both forms of learning are 

intertwined. Optimisations in the models to decide to which colleague agent a task 

should be forwarded may reduce the complexity of those models, but as the 

organisation needs to adapt to new external task structures, the complexity of the 

models may increase. 
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7.1.2 Answers to the case-specific questions 

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

3) How can we model patterns of successive events that occur in volatile multi 

domain networks? 

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

computing environment? 

5) How can we measure performance indicators in a collaborative business 

organisation network? 

 

The answer to question 3 is motivated in chapter 3, where we presented a 

collaborative DFA learning mechanism. We explained how DFA models can be 

learned from data within each domains of the network. We showed how a DFA 

model is used to represent successive events that occur within a local domain. We 

also showed how these DFA models can be combined to represent multi-domain 

event structures. 

In chapter 4 we demonstrated the application of this mechanism in modelling grid 

environments. We have developed agents that model the job handling behaviour of 

grid computing learned job handling events in an operational production grid 

environment. The models obtained from different  grid sites can be combined into 

cross-domain overviews. These overviews represent the job handling behaviour of 

the grid with respect to those parts. The models helped system administrators in 

their operational management tasks. This answers question 4. 

The answer to question 5 is worked out in chapter 5, where we introduced the 

notion of collaboration-indicators and presented a mechanism that supports the 

process of distributed information retrieval in business organisation networks.  
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7.2 Discussion 

7.2.1 Learning in agent organisations 

Learning in agent organisations can be regarded either as a process or as a task 

(see section 1.1.4). Looking at the software agents, each agent generalises its 

models using heuristics and merging criteria in order to explain unseen data. The 

modelling itself is regarded to be learning as a task. Together, the software agents 

form a collaborative agent organisation.  

When these models are used in decisions on task-handling, task-assignment or 

task-dispatching the organisation with a goal to improve the overall performance, 

the organisation is a learning agent organisation. In general, i.e. in most cases local 

adaptation of the models, using either local or share information leads to changes in 

behaviour of the organisation which might in some cases cause the emergent effect 

of an increased overall performance and thereby to successful global learning.  

However, local optimisations do not always contribute to global performance 

improvement of the organisation. In chapter 6 we showed that a local optimisation 

can also lead to unwanted routing of task structures or may cause deadlocks inside 

the organisation. It is therefore not always the case that when an individual agent in 

an organisation has optimised its behaviour that, as a consequence, the total 

behaviour of the organisation gets optimised.  

We try to understand this phenomenon in terms of non-alignment of two or more 

local optimisations or insufficient insight in the effect of a local change. At the 

moment we do not know how to ensure that a local optimisation always contributes 

to global optimisation. Possible answers may be obtained by studying 

synchronisation algorithms, a subject that belongs to the field of distributed 

algorithms (Lynch [88]). 

7.2.2 The role of the case environments 

We would like to make a critical remark on the level of our research methodology. 

Although we clearly aimed to improve the overall performance of agent 

organisations, especially the task-handling performance of Grid and CNO networks, 

we did not perform any quantitative experiments to measure the influence and 

results of using our mechanisms on the performance of those organisations. In 

future work, we would like to set up new experiments in which we measure the user-

experiences and quantitative effects of using our learning mechanisms. Given the 

volatile aspects of the intended environments, one of the challenges is to clearly 

motivate the decisions about the triggers and frequencies of updating models. 

One might also discuss about the size of the overall context of the case 

environments in relation to the state of our research when we started to address 
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these environments: On one hand, it might have been too ambitious to use these 

environments for studying organisation learning processes, but on the other hand 

this involvement in both environments triggered our minds and motivated our 

research from practical and engineering points of view, which in turn lead us to 

investigate learning processes in agent organisations from more fundamental points 

of view. 

7.2.3 Practical outlook 

This section provides a general practical outlook towards possible applications and 

further exploitation of the rationale behind the dissertation35. We discuss our ideas 

along the lines of three different, yet complementary general trends:  

 

1. Evolution of interacting and interconnected computer systems 

2. Evolution of business ecosystems 

3. Evolution of human-machine collaboration 

Evolution of interacting and interconnected computer systems  

Interconnected computer systems appear today in the form of service oriented 

architectures (OASIS [89]) inside large enterprises. These systems are growing 

towards large scale service networks, with connections across organisational 

borders. Examples are the evolution of grid infrastructures and cloud computing 

environments. A cloud computing environment, or shortly „cloud36‟, is a scalable and 

configurable network of computing services, which are accessible via the internet. A 

cloud can be regarded as a complex service network (Nessi project [106]). Services 

might be owned by different organisations and can be composed of other services.  

Growing complexities in such environments will come with management 

challenges which might touch the subjects that we described in this dissertation. We 

foresee problems in the field of cloud computing similar to those encountered in 

grid infrastructures and think that learning agent organisations may contribute to 

govern cloud infrastructures, business processes and service level agreements. 

They might also play a major role in information provisioning necessary for 

managing performance load, failure detection and pro-active system management. 

As resources and services in the cloud are subject to local changes, volatility and 

communication constraints, modelling their global behaviour requires a 

                                                
35 Note that this section has a lower scientific content than as is kept a bit superficial as its purpose it to 

provide directions and discuss ideas. 
36 The term “cloud” refers to the metaphor for the internet, based on how it is depicted as a cloud-

symbol in computer network diagrams. In fact, the cloud-symbol symbolizes the abstraction of the 

complex infrastructure it conceals. 
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collaborative learning mechanism. Furthermore, the work on optimizing the 

performance of agent organisations that organise themselves while handling task 

structures, as presented in chapter 6, can be applied to organise services in cloud 

environments. 

Recent developments in the automotive industry and the area of logistics, 

commonly known under the concept of internet-of-things37, extend the level of 

interconnection by addressing the collaboration between physical objects, humans 

and computer systems. Examples are the project contexts of SPITS38 and 

EURIDICE39. As networked systems grow in size and complexity, their internal 

structures tend to get organized more and more into local sub-structures recognized 

as autonomous functional units. The influence of local decisions while keeping 

insight on the effects on global network behaviour diminishes with the growth of 

these networks. It is here where the concepts of self-organising networks and 

learning agent organisations may provide useful directions.  

Evolution of business ecosystems 

The second trend, evolution of business ecosystems, addresses the growth of 

collaboration between business organisations. We see this in the domain of 

Collaborative Network Organisations where multiple enterprises organise 

themselves as temporary resource networks, sharing common goals towards the 

delivery of their services. Members act in a continuously changing environment and 

align their internal processes to their environment and to each other in order to fulfil 

their services.  

Typical examples of members that operate networks are enterprise networks in 

the manufacturing domain. Another example is the creative industry, where small 

companies collaborate in the production of entertainment services, architecture (of 

buildings), fashion or industrial design. They form so-called business eco-systems 

and are involved with challenges on the level of collaboration.  

Network organisations that are able to learn can better adapt themselves to 

changing market requests, better reorganise themselves and thereby optimise their 

performance in terms of time and efficiency. It is of viable importance to understand 

how agent organisations can learn to align their processes with each other, leading 

to an improvement of the overall performance of the network. 

                                                
37 The Internet of things, also known as the Internet of objects, refers to the networked interconnection 

of everyday objects, see http://www.connectedenvironments.com (ref dec 2010). 

38 https://spits-project.com (ref dec 2010). SPITS is a Dutch project, targeted at creating concepts in the 

Intelligent Traffic Systems (ITS) domain that can improve mobility and safety. 

39 http://www.euridice-project.eu (ref dec 2010). The EURIDICE platform is a service infrastructure 

supporting "on the fly" combination of services to address ad hoc user-cargo-context interactions. 
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Evolution of human-machine collaboration 

The third trend, man-machine collaboration manifests itself as a growing symbiosis 

between humans and systems. This area is also known as actor-agent systems or 

socio-technical systems (Franssen and Jespersen, [51]), which are systems in 

which people capacities interfere with system capacities causing the functioning of 

these systems to depend on both. 

As the number and complexity of networked infrastructures grow each day, 

people become more and more involved with using them. Interaction between 

humans and machines takes place in two directions: 1) using a multitude of 

interfaces, mostly via visual screens, humans access the interfaces of systems to 

manipulate their state or store and retrieve data, and 2) machines invoke humans to 

verify states in automatically controlled processes, for example people in control 

rooms of gas distribution, traffic or train management. Here, systems provide 

alerting stimuli on large wall displays, letting humans take appropriate actions.  

Evolution of this type of collaboration leads to agent organisations where man and 

machine interact seamlessly. Communication in such networks is using semantics40 

and learning takes place in terms of optimizing the agents´ local decision making 

processes. An example of a project in which networks of machines and humans that 

adapt themselves to environmental changes and learn from experience are studied 

is the “Next Generation Infrastructures”41 project. 

 

In earlier work (Mulder & Meijer [98]) we introduced the notion of Squads, being 

mobile hybrid task-forces that support the management of computing platforms 

using actor-agent teams. These Squads consist of human members as well as 

software agents.  

Figure 7.1 (next page) is a three-dimensional sketch of a Squad that interacts with 

business networks as well as computer infrastructure networks.  

Using the results of this dissertation, we plan to extend CTIS framework with agents 

that communicate with the end-users of grid infrastructures42. The agents help them 

to understand the cause of malfunctioning network behaviour, for example in case 

of job failures. They help with the necessary translations between the technical 

system administration environment and user-specific contexts in the process of 

troubleshooting.  

                                                
40 Http://www.w3.org/2001/sw (june 2010). The Semantic Web provides a common framework that 

allows data to be shared and reused across application, enterprise, and community boundaries. It is a 

collaborative effort led by W3C in which many individual organisations participate. 

41 Next Generation Infrastructures (NGI) is a platform within knowledge institutions, market players and 

government organisations that work together on the identification of technical and social aspects of 

infrastructure systems. 

42 The project is named „Dust‟ which stands for Distributed User Support and Troubleshooting. 
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From this point of view software agents not only support system administrators and 

humans; they become part of the problem-solving organisation, i.e. a Squad. 

 

 

 

Figure 7.1: Squads 

 

The three trends describe the rise of symbiotic agent organisations, which will, 

unfortunately but inevitably, still be prone to failures and unexpected behaviour. This 

dissertation is a first step in understanding such organisations. 

Together, these trends provide the following possible view of our near future:  

 

Within the next 10-20 years learning agent organisations consisting of humans and 

machines will manifest themselves in many networked environments. This might hold 

for computer infrastructures, collaborative network organisations, but also for energy 

networks, transport systems and logistic networks.  

 

 

Learning agent organisations will play a crucial role in our future habitat. 

  


