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Disclaimer 
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Foreword 
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Network Solutions) expertise group of LogicaCMG works on the concepts of innovation in the 
areas of nomadic working, service networks and intelligent systems. During my research I was part 
of this group and developed a matching service based on agent technology operating in a nomadic 
environment. 
 
I would like to thank my supervisor Wico Mulder for his enthusiastic guidance and useful input 
concerning my project. I also would like to thank Marco Aiello for his guidance and support 
concerning the scientific part of this report. I would like to thank Menno Gerkema for his guidance 
and advices during this internship concerning not only the business aspects but also the report as a 
whole.  
 
I would like to thank Edwin Stol for his useful advices and reviewing parts of this report. Also I 
would like to thank Joshua Wardenaar for his assistance concerning the installation and integration 
of the CIS framework. 
 
Finally I would like to thank René Boverhuis and Wim Hoeksma for their input concerning the IRC 
(Integration Result Centre) department of LogicaCMG. 
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Summary 
In a lot of companies task that have to be performed are assigned to the employees by a manager. 
Often this happens manually: the manager has knowledge of the skills and availability of the 
employees and uses this knowledge to assign the tasks to the employees. This way of working has 
some serious downsides, e.g. if the manager needs to be replaced (due to illness or other 
circumstances), a replacement has to be found with the same extensive knowledge of the 
employees.  
 
Another common scenario is a manager which uses a variety of heterogeneous systems to retrieve 
the information about employees which he needs to be able to find the right employee to execute a 
task. E.g. he uses electronic agenda software to check if the employee is available and uses the 
personnel-database to check if the employee possesses the required skills. Consulting all these 
sources is a rather time consuming job. 
 
In this report we describe the architecture of a matching service which automates the job of finding 
the right employee to execute a task. By means of agent technology this matching service is able to 
gather information from distributed (heterogeneous) sources in a nomadic environment1.  
 
The IRC (Integration Result Centre) department of LogicaCMG is working in the same way as 
described above: A manager manually matches tasks with employees. He also has some 
heterogeneous systems at his disposal to help him find the necessary information about the 
employees. This department is used as a case study for this report: We discuss the design and 
prototype of the matching service based on the situation at the IRC. 
 

                                                        
1 The employees are not bound to a stationary workplace. 
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1 Introduction 
1.1 Concepts of nomadic working 
Nowadays a lot of ICT related work is not bound to a specific location. Because of the ongoing 
advances in mobile technology the need to have a stationary workplace is declining: Using a laptop 
with a mobile internet connection you are able to work at virtually any place, provided that the 
documents and applications you need are accessible through an internet connection. There are even 
professions for which it is obligatory to be flexible in the choice of the location for performing your 
tasks. Think about a mechanic which is able to receive blueprints on his laptop to be able to repair 
an exotic machine in the factory of a customer. Likewise the consultants working for LogicaCMG 
could improve the flexibility concerning the working place they use. E.g. consider a consultant 
working at the location of customer A, for only 3 days a week. It is not very profitable for 
LogicaCMG if a consultant is only able to work for 3 days a week instead of the desired 5 days a 
week, so the consultant should be able to work at multiple locations: swap workspace and work at 
the location of customer B for the remaining two days of the week.  
 
Being able to work at an arbitrary location is called nomadic working. In this research report we 
consider nomadic working within the IRC department (see Chapter 2) of LogicaCMG. We focus on 
the support of nomadic workers by means of a matching application which is able to match tasks 
with employees considering criteria like the location at which the task should be performed. 
 
With this in our mind we developed a supporting matching application. The matching application 
will deal with distributed datasets situated at multiple environments. To be able to consult these 
datasets, our approach incorporates agent technology (software which is able to autonomously 
perform tasks like gathering information) which gathers the necessary information about the tasks 
and employees from the various environments, and suggests the best matches of task and employee 
to the manager. In Chapter 5 we will elaborate on the use of agent technology in this project. 
 

1.2 Matching support for nomadic working 
The projects of the IRC department are divided into work packages; each package consists of a task 
that can be performed by one single employee. These packages are stored in a database and 
assigned to the employees by a manager. So for each work package of a new project, the manager 
needs to manually select an employee which is able and available to complete the task described in 
the work package.  
 
With the current, relatively small, size of the IRC department, in a lot of cases the manager is able 
to select the employees by his own knowledge about their skills and availability and only needs to 
consult the electronic employee database in a small number of cases. But the IRC is expected to 
grow and on occasion a skill is needed which is not possessed by any available employee. 
Currently there is no system available to help the manager to find an employee in an efficient 
manner when his own knowledge does not suffice. The manager will have to query the company’s 
database and evaluate all the results manually. It could even occur that the local database does not 
provide the desired results, i.e. there is no employee available to execute the work package. In that 
case the manager will have to consult offices on other locations, E.g. Rotterdam, Amstelveen, to 
find the desired employee. These sources have to be consulted using heterogeneous systems, 
forcing the manager to consult each source separately. Because this is a rather time consuming 
task, the IRC would like to have a service that takes care of the matching process and provides the 
manager with suggestions about which employee should execute each work package.  
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The current situation, in which the manager has to consult databases on various locations and 
match the results manually, is described in more detail in Section 2.1. 
 

1.3 Goals 
The goals of this project were: 

 To deliver an analyses concerning nomadic working within the IRC.  
 To deliver a design of a matching service for nomadic workers. 
 To deliver a prototype of this service.  

 
To support the manager in his expertise matching tasks, a supporting system was designed. The 
design of such a system was the goal of this project. When using this system, the manager is not 
required to have knowledge about all of the skills of the employees and neither does he have to 
check their agenda’s to check if they are available at the time and place the task has to be executed. 
 
The three core features of the system are: 

 Matching of tasks with employees (the manager selects a task and the agent returns a list of 
employees able to execute the task). 

 Matching of employees with tasks (the same as the previous feature, but with an employee 
as input and available tasks as output). 

 Matching of questions with employees. 
 
The matching of questions is a feature which will aid the employees in case they have a technical 
question. The system will forward this question to employees with the appropriate skills to answer 
this question. This will save the employee a considerable amount of time searching for the right 
person to answer his question. 
 
This matching service distinguishes itself from existing matching application because of the 
nomadic environment it operates in. The information about the employees and work packages is 
distributed over heterogeneous sources and is subject to constant changes. E.g. the location data of 
an employee will constantly change when he is on the move. The personal information of an 
employee could be spread over various sources too. Maintaining up-to-date knowledge in such a 
dynamic distributed system adds another dimension to the complexity this specific service. 
 

Research question: What is a suitable architecture for a matching service in a nomadic
environment? 
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1.4 Formal framework   
This section describes the formal framework of the internship assignment described in this report. 

1.4.1 Education   

This internship is part of the professional training ‘Science, Policy and Business’ of the University 
of Groningen. The professional training is a specialization within a scientific master education. 
This scientific master education is the Computer Science master ‘Software and Systems 
Engineering’. The objective of this internship is an integration of business and policy aspects and 
scientific aspects. The aim is 50% Business and policy aspects and 50% scientific aspects. 
 
The deliverable of the internship is an advice / recommendation. As part of the internship the 
trainee will work on the preparation for actual implementation of the advice (like increasing 
support for the implementation). The trainee will anticipate on this in the advice report.   
 
The internship will take place in the period 8 January 2007 till 8 July 2007. The internship will 
effectively take 24 weeks. 
 
Supervision (see Table 1):  
 
Table 1: Supervision 
Name  Institute  Function  Role in supervision 
Drs. Wico Mulder LogicaCMG Consultant Daily supervision 
Prof Dr. Ir. Marco 
Aiello 

University of Groningen, Institute of 
Computing Science 

Adjunct-
hoogleraar  

Scientific aspects 

dr. Menno P. 
Gerkema 

University of Groningen, 
Professionial Training ‘Sciences, 
Policy and Business’ 

Teacher Business and public policy 
aspects 

 

1.4.2 Internship organisation 

LogicaCMG is a major international force in IT services. It employs around 40,000 people 
across 41 countries.  LogicaCMG’s focus is on enabling its customers to build and maintain 
leadership positions using LogicaCMG’s deep industry knowledge and its track record for 
successful delivery. The company provides business consulting, systems integration and IT and 
business process outsourcing across diverse markets including telecoms, financial services, energy 
and utilities, industry, distribution and transport and the public sector. Headquartered in Europe, 
LogicaCMG is listed on both the London Stock Exchange and Euronext (Amsterdam). 
 
The research described in this report was performed under commission of the CNS expertise group, 
an expertise group within LogicaCMG. CNS works on the concepts of innovation in the areas of: 

 Nomadic working 
 Service networks 
 Intelligent systems 

 
In the context of the European Sixth Framework Ecolead project (1), CNS developed the CIS 
framework (see Section 7.1) which provides a framework for services operating in a dynamic and 
distributed environment, e.g. services supporting nomadic working. We used this service to 
construct a prototype of the matching service designed during our research project. 
 
Another department within LogicaCMG, the IRC (Integration Result Centre) functioned as a case 
for this project. This department is described in more detail in Chapter 2. 
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1.4.3 Approach 

Before starting the construction of a matching service, it is very important to have a good 
understanding about the main stakeholders that have an interest in the construction of the service. 
We analysed the influence of these stakeholders on the design of the matching service by means of 
a stakeholder analysis (Section 3.1.). By means of interviews we gathered the wishes 
(requirements) of the stakeholders. To be able to keep a good overview of these requirements, we 
recorded them in a Software Requirements Specification document by means of use cases. These 
use cases are presented in Section 3.2.  
 
The requirements were converted into a functional design (Appendix A: Functional design) and a 
technical architecture (Appendix B: Technical architecture) and represented by means of 
Kruchten’s 4+1 view model of architecture (21). To be able to take well considered decisions 
concerning the design of the matching service, we conducted literature study concerning the topics 
of agent technology and nomadic working.  
 
To be able to design a matching service for nomadic workers at the IRC, we also needed 
knowledge of the specific situation of nomadic working at the IRC. We acquired this information 
by means of interviews and a study of internal documentation about the IRC. 
 

1.5 The structure of this report 
In Chapter 2 we elaborate on the current and the desired situation at the subject of the case study 
for this research, the IRC. The desired situation will be reached by implementing the expertise 
matching service described in the requirements in Chapter 3. In Chapter 4 we elaborate on the topic 
of nomadic working and zoom in on nomadic working at the IRC. Decisions concerning agent 
technology are discussed in Chapter 5, at the end of this chapter we also elaborate on two state-of-
the-art systems based on agent technology and operating in a nomadic environment (Section 5.4). 
In Chapter 6 we analyze the overall results of the preceding chapters. In Chapter 7 we discuss the 
resulting design and prototype of the matching service. Chapter 8 represents the conclusions which 
can be drawn from this research. 
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2 Integration Result Centre 
In this research we studied a case based on the activities of an existing team of LogicaCMG 
employees. This team, called the IRC (Integration Result Centre), is a team of ICT experts (called 
experts from here on) currently operating in the field of enterprise application integration: enabling 
collaboration between different software packages, e.g. enabling an application used to process 
statistical data like SPSS to collaborate with Word (with an “export results to Word” function for 
example). This team operates at various locations and in some aspects it can be regarded as a 
nomadic team (a team composed of nomadic workers): It is possible for team members to be 
scattered over various locations, also the personal information of these team members is scattered 
over different sources. Members working for the office in Groningen have their information stored 
on the server in Groningen, members in Rotterdam on the server in Rotterdam, etc. 
 

2.1 Current situation 
At the IRC projects are divided into work packages which can be executed by a single employee. 
These work packages contain, among others, the following parameters: 

 The start date for the work package. 
 The deadline for the work package. 
 An estimation of the time it will take to complete the work package. 
 Status of the work package (open / closed). 

 
Currently, a project manager uses the tool CCT (Change Control Tool) to manage the work 
packages which are stored in an Access database. The tool does not provide any matching support; 
the manager uses his own knowledge about the skills of the experts to match them to the work 
packages. This manual matching takes a serious amount of time, and will take even more time 
when the Result Centre grows and more experts have to be matched with work packages. Also, in 
the current situation sometimes it is hard to find an expert with an exotic skill which is not present 
in the IRC team.  
 
 

 
Figure 1: Current situation 
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In case the manager which matches work packages with experts has to be replaced (e.g. due to 
illness), somebody with extensive knowledge of the skills of the team members has to take over, to 
be able to effectively match work packages with experts.  
 
To fit this case in the perspective of a networked organization, we assume the work packages and 
the information about the experts are distributed over various (homogeneous) servers. The situation 
of distributed resources is a scenario which is not unlikely to become reality in the future for IRC. 
 
The manager also searches in the opposite direction, e.g. when an expert is available and not 
assigned to a work package, the manager initiates a search for work packages which are executable 
by that particular expert. This process executes the same way as the previously describe process of 
matching a work package with the available experts, however in this process an expert is matched 
with the available work packages. 
 
When an expert has a technical question, most of the time he will know who to ask for the right 
answer. In case nobody familiar is able to answer the question, he usually posts this question on a 
newsgroup / mailing list. 
 
Figure 1 illustrates the current situation for the case of matching work packages with experts. 
 

2.2 Desired situation 
In the desired situation, the manager does not need to have extensive knowledge about the skills of 
the experts. Instead of manually matching the work packages with experts, the system will support 
the manager by taking over the hardest and most time consuming part of matching. The system will 
gather all necessary data from the heterogeneous sources distributed over various locations. After 
that it will present the manager with a list of proposed matches and the manager will select the best 
match from that list.  
 
It will be easier for the experts to get a satisfying answer on their technical questions because the 
system will connect them with experts which have expertise in the field the question applies to. 
 
The aim of this project is to design a service which matches:  

 A work package with available experts.  
 An expert with available work packages. 
 A question with skilled experts. 

 
The three scenarios describing the matching service are explained in the next sections. 
 

2.2.1 Work package matching 

In the first scenario the input of the service will be a work package. The manager selects the most 
important matching criteria (e.g. the skills of an expert). 
 
The service will gather the necessary information from the different servers and match the work 
package with the available experts. The output will be a list of experts which produce the best 
match with the work package. In contrast to the current situation, the manager does not have to 
match the experts with the work packages manually; hence he does not need to have extensive 
knowledge about the skills of the available experts. The manager only has to select the best match 
from the list of suggested matches the matching service returned.  
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2.2.2 Expert matching 

In case a manager needs a work package for an expert, he can use the matching service to match 
this expert with the available work packages. The matching service will return a list of matching 
packages from which the manager will choose the best match. This expert matching scenario is 
similar to the work package matching scenario, only this time the data about the expert will be used 
as input and a list of matching work packages will be the output. The matching criteria are the same 
as in the work package matching scenario. 
 

2.2.3 Question matching 

In the third scenario the matching service matches a technical question from the user with the skills 
of the experts in the pool. The experts with the best match will receive the question and can send 
the answer directly to the user. Questions are asked to the people with the required knowledge 
without having to address all of the experts, which are subscribed to a mailing list. The actual 
location of the experts is obsolete in this case; the system will consult every available data. 
 

2.2.4 Matching criteria 

When the manager uses the matching service, not every property of the expert has the same 
importance. In some cases the skill of the manager is the most important criteria, and his location is 
not interesting at all. But in other cases the location can even be an essential prerequisite for 
successful execution of the work package; hence the manager should be able to select the matching 
criteria which are important for the execution of the work package. The desired situation requires 
the following matching criteria: 

 Skill 
 Skill level 
 Location 
 Costs 
 Availability 

 
In case ‘skill’ is selected as an important matching criterion, the matching of the skills of the expert 
with the required skills for the work package will be the most important criterion for the selection 
of appropriate experts. Each expert has a certain level at each skill depicting how well he performs 
in a certain skill; this level could also be a matching criterion. The other criteria are the location of 
the expert, the maximum cost of his services, and the availability of the expert. The availability will 
probably be selected in most cases, but if no available experts can be found for a work package, a 
manager could decide to search for a non-available expert and transfer him to the important work 
package. Because of the nomadic nature of the experts, they are mobile and spread over various 
locations. In case the manager needs the experts at a certain location, he selects the location as an 
important criterion. When selection the important criteria, the manager is not bound to one 
criterion, he can select multiple matching criteria. In the case of multiple criteria, the manager will 
be able to define the importance of the individual criteria. 
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The following properties of the work packages and experts are important to be able to match using 
the matching criteria: 
 
Required properties of a work package: 

 Estimated amount of time needed to complete the work package 
 Work package start date 
 Work package end date 
 Skills needed to be able to execute the work package 
 Skill level needed to be able to execute the work package 
 Preferred location for execution of the work package 

 
Required properties of an expert: 

 Skills of the expert 
 Skill levels of the expert 
 Location of the expert 
 Availability of the expert 

 
The availability of the expert could be extracted from his Outlook agenda. Using the Outlook 
agenda to determine the availability of an expert will require the experts to consequently keep their 
agenda up-to-date. 
 
The desired situation is visualized in Figure 2. 
 
 

 
Figure 2: Desired situation 
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3 Requirements 
3.1 Stakeholders 
Prior to analyzing the requirements for the matching application, we need to know which persons 
should be consulted concerning the requirements of the matching service. These important 
individuals or groups, which have influence on the eventual acceptation of the matching service, 
are called stakeholders. The most important stakeholders of the expertise matching service are 
listed below: 

 Rene Boverhuis (IRC) 
 Wim Hoeksma (IRC) 
 Wico Mulder (CNS) 
 Experts of the IRC 

 
Rene Boverhuis is the main stakeholder concerning the IRC, he is responsible for the acceptance of 
the requirements.  
 
Wim Hoeksma is member of the IRC, he is the manager which is described in the scenario’s: He 
assigns the experts of the IRC to pending work packages. As a manager, Wim will be one of the 
main users of the matching service. 
 
Wico Mulder studies the use and control of dynamic networked environments; he is interested in 
the matching of employees for the composition of organization networks and social networks. 
 
The experts at the IRC will be the end users concerning the question matching service. Also their 
opinion about the functioning of the expert – work package matching will be important because 
they are the experts that are actually matched by the system. 
 

3.2 Functional requirements 
The functional requirements for the matching service are described in this document by means of 
use cases. Use cases are a technique for capturing the functional requirements of an IT system 
supporting a business system. A use case is a single task performed by an actor (a human user or a 
computer system). E.g. a use case for sending an email can be “enter subject of mail”. In a use case 
diagram the actors, use cases and their connection to each other are visualized by means of stick 
figures (actors) and ellipses (use cases) (see Figure 3). For more information about how to read use 
cases and use case diagrams see (2, 14).  
 
The next subsections are divided into three scenarios: The scenario of a user which needs an expert 
to execute his work package (Section 3.2.1), the scenario of a user which needs a work package for 
his expert (Section 3.2.2) and a scenario of a user which needs his question answered by an expert 
(Section 3.2.3).  
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3.2.1 Work package matching 

In this scenario a user needs suggestions about which expert should execute his work package. He 
selects the work package and the matching criteria which are the most important for the work 
package. E.g.: when the location of the expert is more important than his skills, the user selects 
location as an important criterion (the available matching criteria are listed in Section 2.2.4). After 
the matching service has received this input, it will consult the system about the experts. After the 
matching process, the matching service returns a list of the best matches to the user. 
 

 
Figure 3: Work package matching use case diagram 

 
The next use cases are derived from this description: 
 
Use case #1.1: 
Use case name Match work package 
Scope Work package matching 
Summary The user selects a work package and selects which matching criteria are the 

most important. The matching service processes this work package and 
returns a list of experts which are best suited to execute the work package. 

Actor(s) User 
Matching service 

Basic flow of 
events 

User: Selects a work package and selects the most important matching 
criteria. 
Matching service: Returns a list of experts that matched with the matching 
criteria. 

 
Use case #1.2: 
Use case name Get expert information 
Scope Work package matching 
Summary The matching service negotiates with the information service(s) to retrieve the 

information it needs about the expert to match with the work package.  
Actor(s) Matching service 

Information service 
Basic flow of 
events 

Matching service: Sends a work package to the information service. 
Information service: The information service returns the personal information 
of the experts. 
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3.2.2 Expert matching 

This scenario is similar to the work package matching scenario. Instead of matching a work 
package with the available experts, an expert is matched with the available work packages. 
 

 
Figure 4: Expert matching use case diagram 

 
The next use cases are derived from this description: 
 
Use case #2.1: 
Use case name Match expert 
Scope Expert matching 
Summary The user selects an expert and selects which matching criteria are the most 

important. The matching service processes the expert information and returns 
the work packages which produce the best match with the personal 
information of the expert. 

Actor(s) User 
Matching service 

Basic flow of 
events 

User: Selects an expert and selects the most important matching criteria. 
Matching service: Returns a list of work packages that matched with the 
matching criteria. 

 
Use case #2.2: 
Use case name Get work package information 
Scope Expert matching 
Summary The matching service negotiates with the information service(s) to retrieve the 

information it needs about the work packages to match with the expert. 
Actor(s) Matching service 

Information service 
Basic flow of 
events 

Matching service: Sends the expert information to the information service. 
Information service: The information service returns work packages that 
match with the matching criteria. 
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3.2.3 Question matching 

In this scenario the user has a technical question which should be answered by an expert. The user 
sends his question to the matching service, which will match the question with the skills of the 
experts. The matching service will forward the question to the experts with the best match (a 
predefined number of experts with a matching percentage above a predefined value). After the 
expert received the question, he can contact the user directly (by email, phone, etc.) to provide the 
user with the answer to his question.  
 

 
Figure 5: Question matching use case diagram 

 
The next use cases are derived from this description: 
 
Use case #3.1: 
Use case name Match question 
Scope Question matching 
Summary The user submits a question to the matching service and selects which 

matching criteria are the most important. The matching service processes this 
question and forwards this question to the experts which have the best match. 
The list of experts the question is forwarded to is send to the user.  

Actor(s) User 
Matching service 

Basic flow of 
events 

User: Sends a question to the matching service. 
Matching service: Returns a list of experts the question is forwarded to. 

 
Use case #3.2: 
Use case name Get expertise information 
Scope Question matching 
Summary The matching service negotiates with the information service(s) to retrieve the 

information it needs about the experts to match with the question.  
Actor(s) Matching service 

Information service 
Basic flow of 
events 

Matching service: Sends a question to the information service. 
Information service: The information service returns the personal information 
of the experts. 

 
Use case #3.3: 
Use case name Question expert 
Scope Question matching 
Summary The matching service sends the question for the experts to the information 

service(s) which will forward it to the expert(s).  
Actor(s) Matching service 

Information service 
Basic flow of 
events 

Matching service: Sends the question to the information service. 
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3.3 Non-functional requirements 
Non-functional requirements describe the requirements of a system which cannot be captured in 
functional requirements. Often these non-functional requirements are influenced by the system as a 
whole and therefore cannot be captured in the form of a functional requirement which is focused on 
specific functionality of the system. The most important non-functional requirements are explained 
in the following subsections. 
 

3.3.1 Scalability 

Scalability is an important property of the expertise matching service. The system has to be easily 
expandable because the pool of sources of experts and work packages is dynamic and considered to 
grow to large dimensions. Sources of experts and work packages should be easily added and 
removed from the network. 
 

3.3.2 Extensibility 

The system consists of heterogeneous sources of information (databases with experts and work 
packages). Newly added sources could also have an interface which differs from the interfaces 
already present in the system; hence it should be easy to adapt the system in a way to enable it to 
communicate with the new information sources. 
 

3.4 Conclusion 
In this chapter we analyzed the requirements for the matching service. After analyzing the 
stakeholders participating in this project, we converted the three scenarios from Section 2.2 into use 
cases in order to create an unambiguous overview of the requirements. In the following section of 
this report we will focus on just one scenario: the “work package matching” scenario. The other 
two scenarios can be extrapolated from the results of this scenario.  
 
Before we discuss the actual design of the matching service (Chapter 7), we will first discuss two 
important aspects of the design: nomadic working and agent technology. 
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4 Nomadic working 
‘‘Nomadicity may be defined as the system support needed to provide a rich set of computing and 
communication capabilities and services to nomads as they move from place to place in a way that 
is transparent, integrated, convenient, and adaptive.’’ (20) 
 
According to Leonard Kleinrock (19), a respected researcher in the field of nomadic working, the 
core of nomadicity is a system which enables the user to compute and communicate while residing 
at an arbitrary location or traveling between locations. A typical example of a nomadic worker is a 
person which is able to continue working and collaborating with his colleagues independent of his 
location. While he is in the office, the nomadic worker uses his desktop computer with a wired 
internet connection, during a trip with the train he continues his work with a laptop, which is 
equipped with a wireless cellular internet connection to be able to send mail, visit websites etc., and 
when he arrives at his destination his laptop automatically switches from the low bandwidth 
cellular connection to the faster Wi-Fi network available at that particular location.  
 
The automatically switching between available internet connections is an example of nomadicity. 
In the most ideal case this is handled autonomously by the system without any intervention of the 
user. E.g. when the user enters the office building of the customer he is visiting, his laptop 
automatically switches from the cellular connection to the much faster Wi-Fi connection available 
in that building. This happens automatically without any action from the user. In case the situation 
prohibits the nomadic worker to carry a large device like a laptop while traveling, the nomadic 
worker should be able to use another device (e.g. a PDA with wireless connection) to continue 
working and communicating. 
 
An important characteristic of nomadic working is the capability to adapt to a constantly changing 
environment. While communicating by use of a cellular connection, because of the unavailability 
of a faster connection, retrieving the user’s email could consume all available bandwidth leaving no 
bandwidth to surf the internet. A nomadic system will anticipate on this situation by saving 
bandwidth with switching to only downloading the subjects of the email messages and to postpone 
downloading the complete message until the user actually tries to read the message.  
 
Summarised, a system supporting nomadic working should be independent of the following 
variables (18): 

 Location 
 Motion 
 Computing platform 
 Communication device 
 Communication bandwidth 
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4.1 Nomadic working at the IRC 
In this section we will discuss to which extend the IRC is already working nomadic. We discuss 
their independence of location, one of the five variables mentioned in the previous section. The 
benefits of independence of motion, computing platform, communication device and 
communication bandwidth are less important concerning the current way of working at the IRC: As 
explained later in this section, for every project the IRC is divided in two teams, a team which sets 
up office at the customer’s location and a team that resides at the LogicaCMG office. When the 
experts set up office they are supplied with suitable hardware, software and an internet connection. 
At this way the employee does not benefit from extra independence of the last four variables 
mentioned in the previous section. In case a department of LogicaCMG decides to deploy their 
employees in a more flexible fashion, requiring them to work at constantly changing locations, 
travel more and work on the way, future research should focus on these variables.  
 

4.1.1  Location 

Nomadic working will enable the experts from the IRC to work more flexible and efficient in the 
future. E.g. in the current situation an expert could be working on an assignment at a certain 
location. Because he has to await the results of another project which has been delayed, the expert 
is unable to work at the project for one full day. Instead of being idle, the expert could assist a 
colleague with a complex problem, or visit a nearby customer to resolve a problem which 
unexpectedly occurred at their computer system. 
 
The current system does not offer this flexibility. It is recorded at which project an expert will be 
working, when it started and when it will end. If an expert is available for others tasks for a short 
period, he should be able to share this information in the system too. This way the experts can work 
more flexible and efficient, i.e. if it is unknown an agent is available for secondary tasks for one 
day, this expert cannot be assigned to that task and an extra expert has to be assigned to do the job.  
 
Determining the location of an expert is not possible in the current situation, but will contribute to 
the effectiveness of various services designed to aid a nomadic worker. E.g. at a factory in 
Groningen the accounting system which registers which products are loaded into a truck and send 
to their customers halts and the technical staff of the company is unable to solve the problem. Until 
this error in the accounting system is fixed, the production at the factory is halted. This error has to 
be fixed as fast as possible because every minute the production is halted, the factory will loose 
revenue. If the managers at the IRC have access to real time location information of their experts, 
they can contact an expert with the necessary expertise which is in the vicinity of the factory and 
instruct him to postpone his current, low priority, job and head to the factory to solve the problem. 
This is the kind of situations which will benefit from real time information, i.e. knowledge about 
the current position of the expert at any given moment. A more common scenario will be the 
previously described scenario of an employee which will be available for one day because of the 
delay in another project. But also the standard scenario of trying to find an expert which is able to 
execute a work package will benefit from location information: It is preferred to find an expert 
which resides near the location where the work package has to be executed. For these common 
scenarios a static solution will suffice: By entering their location information in their electronic 
agenda, this can be done automatically done for the projects which are assigned to them, 
information about their location will always be available. 
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Figure 6: Result Office and Result Centre 

 
Concerning the independence of location, the IRC currently is working at a low level of 
nomadicity. For every project the IRC is divided into a Result Center (RC) and a Result Office 
(RO). As visualized in Figure 6, the RO is located at the customer’s office and collaborates with 
the customer to determine the requirements and specifications of the end product. Once these are 
determined, the RO will use this as input for projects which the RC will execute. In case the 
customer wants to change anything in the current design, it communicates this to the RO, which in 
turn sends a change request to the RC. So the RO functions as a communication layer between the 
customer and the RC: The customer communicates its wishes to the RO, the RO translates it into 
projects and the RC will do the actual programming job, following the instruction of the RO which 
are recorded in the project documents. Unlike a full-fledged nomadic team, the RO is not location 
independent: During the project documentation and other data concerning the project is stored in a 
repository which is only accessible through the intranet of LogicaCMG. Hence employees at the 
RO are unable to have direct access to this documentation. In case a member of the RO requires 
any data produced by the RC, he has to ask a colleague over at the RC to forward this data to him.  
 

4.2 Future scenario of nomadic working at the IRC 
Enabling the experts to work more flexible can be realized by introducing a system that is able to 
extract the expert’s availability information from his digital agenda. In the current situation the 
experts already manage their electronic agenda in Outlook (22) concerning events like meetings. In 
case the experts also register the moments they will work on their project, an automated system like 
the XMAS service can use this information to effectively assign small tasks to these experts for the 
time they are not working at their project.  
 
To enable the RO to work as a nomadic team, the connection between the RO and RC should be 
more flexible: The RO team should not be aware of the fact that they are physically located at 
another location. By means of direct access to the data of the RC team, as if the RO team members 
are working at the same location as the RC team, will undo the overhead created by having a RC 
member manually forwarding data to a RO member each time the RO member requires data from 
the RC team. The technical realization of this functionality does not fit within the scope of this 
project, but will require additional research on the topics of connectivity and security. In (15) a 
single log-on system called TEANU (Transparent Enterprise Access for Nomadic User) is 
described which enables a user to keep automatically connected to his company-network while 
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changing location and network connection. A context-aware system like this could be used to 
automatically connect the RO to the repository used by the RC. Because the repository of the RC 
has to be accessible from outside the LogicaCMG intranet to enable the RO to access it, extensive 
security measures have to be taken to prevent unauthorized access. 
 

4.3 Conclusion 
The description of nomadic working in this chapter is in line with the view on nomadic working of 
the stakeholders involved in this project. The IRC is only working nomadic in a limited degree. An 
increase independency of location will aid the experts of the IRC to work more flexible and 
efficient. Also the matching service will be aided by the availability of location information. The 
matching service can use this location information to assign experts to projects in their vicinity. For 
the common cases static location information will suffice: location information can be stored by 
entering location information in an electronic agenda, the matching service will be able to extract 
this information during the matching process.  
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5 Agent technology 
For the implementation of the expertise matching service in nomadic environments, CNS thinks in 
terms of agent technology. This technology is a core ingredient for the information services the 
CNS group is developing. Agent technology was successfully applied in an earlier CNS project and 
the internships involving the home of the elderly discussed in Chapter 1. 
 
The most important characteristic properties of a basic agent are the following (29): 

 Autonomy 
 Social ability 
 Reactivity 
 Pro-activeness 

 
An agent is autonomous in case it is able to operate without intervention of a human user. Its 
social ability is expressed in its ability to interact and collaborate with other agents. An agent is 
reactive if it is able to perceive changes in its environment (context) and is able to react in response 
on these changes. An agent does not exclusively react on its environment; it is able to take initiative 
to reach its goals (pro-activeness).  
 
To further elaborate on these characteristics we can consider the example used in Chapter 4 to 
explain the concept of a nomadic worker. The scenario described a nomadic worker traveling from 
his office to the office of a customer, while he continues working in the train. While the nomadic 
worker is on the move, his laptop automatically switches to the fastest available internet 
connection. Agent technology could be used to support the nomadic worker in this scenario. It will 
consist of a personal agent that resides on the laptop of the nomadic worker and network agents 
that reside at the networks that are available for sharing. Each time the personal agent perceives a 
change in its environment, e.g. the Wi-Fi connection in the office of the customer becomes 
available, it contacts the network agent that is responsible for sharing the access to the Wi-Fi 
connection (reactiveness). The agent identifies itself to the network agent by sending its id-code, 
subsequently the network agent will verify if this agent actually is permitted to access the network. 
In case the agent is permitted to use the Wi-Fi network, the access information which is needed to 
connect to the network is send to the personal agent of the nomadic worker and this agent uses this 
information to establish the Wi-Fi connection (social behavior).  
 
Because of the autonomous operation of the agent, no input from the user is needed to switch from 
a cellular connection to a faster Wi-Fi connection. The pro-active characteristics of an agent can be 
illustrated by an agent which ‘believes’ it will need the content of the nomadic worker’s agenda, 
which resides on a remote server, at some moment in the future. It decides it will retrieve this 
information in advance because at the moment a high speed connection to the server is still 
available and it could be unavailable at the future moment when the agenda content is actually 
needed. In order to reach the goal of possessing the content of the agenda, the agent contacts the 
network agent managing the high speed connection at that moment, connects to the internet using 
the information from this network agent and retrieves the content of the agenda.  
(28, 29) 
 



Agent technology  

eXpertise Matching Agent Service 25 
 
 

5.1 Distribution of the agents 
Now we have a basic understanding of agent technology, we can start thinking about how to apply 
it. If we look back at Figure 2 we can see there are multiple locations with each a database 
containing work packages and expert information. If we position an agent at every location (see 
Figure 7) and give the agent access to the local database, every agent will be able to search for 
matches in his local database. If an agent receives a request from a manager to find an expert that is 
able to execute his work package, he can search his local database for a capable expert and ask the 
other agents to search in their local databases. 
 

Database

Agent

Groningen

Rotterdam

New Delhi

 
Figure 7: Agent distribution 

 

5.2 Models of agency 
Now the distribution of the agents is known, it is time to go into more detail about the 
implementation of the agents. There are various ways to implement an agent architecture, each with 
there own advantages and disadvantages. In this subchapter we discuss two leading models of 
agency which could be applied to implement the agents we use for the matching service. 

5.2.1 Beliefs-Desires-Intentions model 

A well known and popular model of agency is the beliefs-desires-intentions (BDI) model. The BDI 
model is based on a philosophical model of human reasoning, developed by Michael Bratman (6). 
The first version of a BDI framework was described in a paper published in 1988 by Bratman, 
Israel and Pollack (7). After the first publication of the BDI model, it has been the subject of 
numerous research projects and various alternative BDI models of agency were developed. Though 
different in the reasoning about BDI, the different models are all based on the same definition of 
beliefs, desires and intentions.  
 
Beliefs are a symbolic representation of the real world according to the agent. A symbolic 
representation consists of logic formulae that are used by the agent to reason about the real world. 
For example an agents set of beliefs might contain formulae such as 
 
Battery status = 80% 
Power consumption = 10% 
Distance to destination = 10km 
 
The agent could use this believe to reason if it will be able to reach its destination before it is out of 
power. 
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 Because a belief is a symbolic representation of the real world, a belief does not necessarily have 
to be true. E.g. consider an agent equipped with a light detecting sensor which is configured to 
interpret light shining on the sensor as an indicator of daytime. You can fool this agent during the 
night by shining on its light sensor with a flashlight. In this case the belief of the agent will be that 
it is daytime, while in reality it is the middle of the night. 
 
Desires are often translated as the goals of the agent. Desires are considered the end-goals the agent 
eventually is intended to reach. E.g. the goals of an agent could be reaching a certain location. The 
sub-goals of the agent are recorded in plans. The plan of an agent traveling through the graph in 
Figure 8 could consist of subsequently reaching location B and C to eventually reach location D. 
By recording the desires of the agent, an important characteristic of BDI agents is realized: the 
ability to anticipate on unexpected changes in the world and recover from failure. Most 
conventional software programs are task oriented instead of goal oriented. In case suddenly 
location C becomes unreachable from location B, a task oriented program which was executing the 
task go from A to B to C to D fails and is unable to recover because the end-goal, reaching location 
D, is not registered. A BDI agent will be able to re-plan and reach D by traveling from B to G to D.    
 
 

Intentions
•reach location D by execution of 
the following plan: go from A to B 
to C to D.
•…

Desires
•reach location D
•…

Beliefs
•current location = A
•E is directly reachable from A
•B is directly reachable from A
•...

A

E D

C

B

F

G

  
Figure 8: Graph traveling agent 

 
The essential difference between most of the different BDI models resides in the reasoning about 
beliefs, desires and intentions and the representation of this knowledge. The assessment of these 
different approaches is beyond the scope of this report.  
(27-29) 
 

5.2.2 Reactive agents model  

In 1986 Michael Brooks started a lot of commotion by publishing his paper about his behavior-
based approach to agency (8). In this paper he argued against the necessity and efficiency of agent 
design by means of reasoning about a symbolic representation of the real world, which was a very 
popular approach in those days. He introduced a model which, instead of converting the real world 
to a symbolic representation of that world, reacted directly on raw inputs from the real world. E.g. 
instead of translating the signal of the light detection sensor from Section 5.2.1 to the belief “it is 
daytime”, the agent just starts with a behavior which was configured to be triggered by a signal 
from the sensor. An example of a behavior triggered by light shining on the sensor could be turning 
the lights of a car off.  
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According to Brooks behavioral approach (8-10) an agent consists of an arbitrary number of 
behaviors. These behaviors compete with each other for the control of the agent. E.g. an agent 
controlling a robot could consist of the following behaviors: move forward and evade collision. The 
agent is equipped with a proximity sensor on the front, which produces a signal when an object is 
located less than 20 centimeters from its front. This agent will act directly on a signal from that 
sensor, instead of converting the signals of the sensors into beliefs: In case no signal is produce by 
the sensor (the agent has a clear path in front of it), the behavior move forward is dominant and has 
the control of the agent. When an obstacle is detected and the proximity sensor produces a signal, 
the evade collision behavior takes control of the agent by making a 90° turn and handing over the 
control to the move forward behavior again. 
 
The behavioral model is probably the best known example of the reactive model of agency. The 
reactive model of agency relies on reacting directly on the environment of the agent instead of 
reasoning about a symbolic representation of that environment.  
 
By avoiding complex mechanisms to convert the real world to a symbolic representation of that 
world and subsequently reason about which actions should be taken based on this representation, 
the reactive model is a lot less complex than the symbolic AI models. This reduction in complexity 
potentially comes with some limitations to the architecture of agents which are purely reactive (28): 
Since reactive agents base their actions on the current state of their environment, it is hard to learn 
from experience. 
Without a model of the real world and only knowledge about its current state; it is hard to reason 
about the long-term effects of the agents actions. 
 

5.3 Communication 
An important choice for the design of the matching service concerns the manner in which the 
agents communicate and share their data. 
 
Summarized the communication among agents will consist of the following steps: 
1. The agent receives a request to find experts for a manager. 
 

2a. The agent will search its local database for experts that match the expectations of the manager. 
If the agent finds enough matches in its local database, it will present these matches to the 
manager. 

 

2b. In case the agent was unable to find enough matches, it will ask the agents at the other locations 
(from now on; friends) to search for matches in their local databases. 

 

3. In case the friends of the agent find any matches, they will send them to the agent. 

 

4. Once the agent has received enough matches, he will present them to the manager. 
 
Because the IRC can only use the databases of companies / departments with which they have a 
formal agreement for using their information, the number of friends will be relatively small and 
will only change occasionally. In the case of a more general matching service which is not limited 
to a relatively small set of information suppliers, the agent should only ask a subset of his friends to 
search their database in step 2b, and ask another subset of friends only if the first query did not 
result in enough matches. This to avoid needless consumption of bandwidth and processing power. 
In case the matching service is used on a bigger scale with more information sources there should 
be more research on the topic of how big the subsets of friends should be to gain the best 
performance, but for the current design it suffices to send the matching request to all friends. The 
same applies for the friends asking their own friends to help with finding experts too: because the 
IRC needs to have a formal agreement with each information source they use, all the possible 
sources they could use are already known and can be stored in the friends list of their own agent. 
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For a more general matching service the possibilities for friends asking their own friends to help in 
the matching process will be an interesting research topic, however, for the case of the IRC it does 
not add any advantages and due to the limited amount of time available we will not elaborate on 
this option. 
 
An important part in the communication between the agents is the way the agents share their 
matches with each other: the knowledge sharing mechanism. In the following subchapters we will 
discuss the sharing mechanisms we have considered for the matching service. 
 

5.3.1 Direct interaction 

Agent

Agent

Agent

AgentAgent

  
Figure 9: Direct interaction 

 
The first option we studied is direct interaction between the agents: In case an agent wants to 
communicate with another agent, they communicate directly. A drawback of this method is that 
agents do not know anything about the progress of other agents unless they explicitly ask them 
agents about their progress. We illustrate this in Figure 10: Agent A is the initiator of the matching 
process which has received the matching request from the manager in step 1. After failing to find 
enough matches in its local database, agent A asks his friends B and C to find matches in their local 
databases. Agent B will not know agent C received the same request unless agent A tells him he 
has asked agent C to find matches too. But when agent B asks agent E to help finding enough 
matches because it failed to find matches in its own local database, this agent E could impossibly 
know that agent C asked agent F to assist in the matching process too. This will result in agents 
receiving the same matching request over and over again because their friends do not know they 
already received it before. Also the agents will not know if the other agents already found enough 
matches and they therefore do not know if they should abort or should ask their friends to assist in 
the matching process. This could be solved by letting each agent report their status to the initiating 
agent (agent A in Figure 10), but in case a lot of agents get involved in the matching process, this 
will result in a lot of communication to and from agent A. And because it is arbitrary which agent 
will be initiator; in the same case agent C could be asked to find matches for a manager, every 
agent should have enough bandwidth available to process all this communication. 
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Figure 10: A disadvantage of direct interaction 

 
In the IRC case this problem will not occur because only the initiating agent (the agent that 
receives the matching request from the manager) will ask his friend to help finding enough matches 
and the friends will not ask their friends. We could easily make the matching service more future 
proof by using a central blackboard: By letting the blackboard handle the exchange of all the 
information, only the blackboard has to be equipped with a high bandwidth connection, the agents 
will suffice with far less bandwidth. 
 

5.3.2 Central blackboard 
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Figure 11: Central blackboard 

 
The central blackboard architecture is used in a lot of multi-agent projects as a centralized source of 
information. In the ANDIAMO project (13, 25), a blackboard is used to store available drivers and 
passengers for a carpool service. If a personal agent of a passenger searches for a driver to carpool 
with, it consults the blackboard to check if a driver traveling in the same direction is available. In 
the ASK project (3, 4) also a central blackboard is used. It is used to store the data for a matching 
service and is already tested in various settings e.g. matching parents with babysitters. 
 
Because the communication runs through the blackboard, all the necessary information will be 
available at the blackboard. The agents for the matching service can just ask the blackboard which 
agents already participated in the matching process, at this way they immediately know which 
friends they should ask to participate in the matching process. The same goes for the matches: If an 
agent wants to know if there are already enough matches found by other agents, it just has to 
consult the blackboard. 
(11, 12, 16, 24) 
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5.3.3 Distributed blackboard 
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Figure 12: Distributed blackboard 

 
A drawback of the central blackboard is that is could form a serious bottleneck for the performance 
of an agent network (16, 24): Because all or most of the communication will go through the 
blackboard, the blackboard could run out of bandwidth in case the large number of agents 
communicating with the blackboard causes it to exceed its bandwidth limits. This problem can be 
resolved by distributing the blackboard over the various agents, this is called a distributed 
blackboard. By distributing the blackboard over the agents, the bandwidth usage and server load 
will be distributed over the various agents and will not be concentrated at one node (the initializing 
agent with direct interaction and the blackboard in a central blackboard architecture). Drawbacks of 
this method are the complexity of creating a working distributed blackboard and the overhead 
created by synchronizing the blackboards and finding the blackboard which requires the right 
information (12).  
 

5.4 Agent based systems operating in nomadic environments 
During this research we are developing an agent technology based system operating in a nomadic 
environment. Currently other (research) groups are also developing similar systems. In this chapter 
we discuss two agent based matching services operating in a nomadic environment. The first 
system is ASK, a service which is used for tasks like matching babysitter with parents. The second 
system discussed is Andiamo, which is used to help carpoolers to find a ride. 
 

5.4.1 ASK 

ASK is an agent system that uses the past experiences of its users to match the user with another 
person. An example is the babysitter case which is implemented using the ASK system: Person A 
needs a babysitter and was very content with babysitter Z in the past. Unfortunately babysitter Z is 
unavailable, i.e. the system will have to find another babysitter for person A. This is accomplished 
in the following manner: The system checks which other persons are content with babysitter Z, 
with the assumption that if two persons like the same babysitter, they probably have a similar taste 
for babysitters. Subsequently, after the system has found a person B which likes babysitter Z too, 
the system will check which other babysitters person B likes. The system discovers that person B 
also likes babysitter Y and consequently A is expected to like babysitter Y too. Babysitter Y is send 
to person A to do the babysitting job and afterwards person B is asked if he liked babysitter Y. At 
this way a collection of preferred babysitters is recorded, enabling the service to become more 
accurate in selecting the right babysitter over time. Multiple case studies have shown that this 
matching method is effective (3, 4). 
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A more conventional method to solve this problem would be matching based on parameters 
describing the babysitter. E.g. the user could have a preference for babysitters aged above 50 or 
babysitters with a maximum fee of 10 dollars / hour, etc. This approach takes much more time to 
set up and maintain because a large number of parameters could be important for the matching 
process and all of these parameters have to be entered into the system. 
 
If used for the implementation of the IRC case, at least two problems will occur: The first problem 
is the time that is needed to gather enough experience information about the experts. For each new 
expert that is added to the database, no information is present in the system, i.e. the system has to 
learn by trial-and-error which managers are content with the expert and which task he is able to 
perform. This is not preferable in a company where each match should be a good match and not a 
test-case. The second problem is the relatively small set of users: a relatively small number of 
managers will use the system to find experts which makes it hard to find a manager with the same 
preferences concerning experts. 
 

5.4.2 Andiamo 

Andiamo is a carpool system developed at the University of Trento, Italy. This system is used to 
enable people to share car rides. Car owners advertise their availability for a certain route on a 
blackboard which can be consulted by the personal agents of the ride seekers.  These personal 
agents are implemented by means of mobile agents; these are agents that are able to travel from one 
computer system to the other. A big advantage of these agents is that the ride seeker does not have 
to be online while his agent is searching a car owner which can offer him a ride: When the ride 
seeker orders his agent to search for a car owner, the agent will transfer itself to an internet server 
and will start his search from that server. In the mean time the ride seeker can go offline. At the 
moment the ride seeker comes online again; the agent will transfer itself to the ride seeker’s device 
again and present the results of his search to the ride seeker (13, 25). 
 
This system is very useful in situation in which the users only have an unreliable, expensive or 
slow internet connection at their exposal. They only need to be online and transfer data at the 
moment the agent transfers to and from the server. Because the managers in the IRC always have a 
high-bandwidth internet connection at their disposal, there is no direct need for mobile agents. The 
use of mobile agents in the IRC case will also start a discussion about trust between information 
providers: the people at the location of Rotterdam will be reluctant to allow a program from 
Groningen to run on their server, consequently a number of security measures will have to be 
installed to prevent an agent to perform unauthorised actions, while in the mean time the agent 
should not be restricted too much because it needs access to the expert information. 
 

5.5 Conclusion 
 
In the case of the XMAS project, the environment of the agent is relatively static. I.e. the IRC will 
have access to a small list of databases containing information about work packages and experts. 
This list will only change incidentally in case the IRC gains access to the database of a new 
division within LogicaCMG.  
 
This fact is in the favor of a reactive approach to agency. Because the environment has a static 
nature it is possible to create a standard reaction on an incoming request to find matching experts 
for a work package. The agent reacts on this request by first checking its local database for matches 
and in case it was unable to find enough matches, it sends a request to aid in the matching process 
to his friends. In case the agent has a lot of friends, the agent could start by sending the matching 
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request to a subset of his friends and send it to the other friends only in case the subset as unable to 
find enough matches. 
 
Since by applying a centralized blackboard architecture creates a more future proof matching 
service, it is preferred over a direct interaction architecture. The bottleneck problem caused by a 
high load on the centralized blackboard can be prevented by introducing the option to assign an 
arbitrary database for each matching request. E.g. after the agent was unable to find enough 
matches in step 2b it selects a blackboard from a pool of available blackboards and uses that 
particular blackboard to communicate with his friend for the entire matching process until the 
results are presented to the manager. This is done by every agent in step 2b, i.e. with a large enough 
blackboard pool, the bottleneck problem will not occur and the implementation of the more 
complex distributed blackboard will be unnecessary. 
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6 Overall analyses  
In the previous chapters we have focused on the desired properties for a matching service which 
supports nomadic working at the IRC. We came to the conclusion the matching service should 
globally act as in this way (Section 2.2.1): 

1. The manager provides the matching service with a work package and a list of matching 
criteria. 

2. The matching service returns a list of experts which are able to execute the work package 
and adhere to the matching criteria. 

 
At this way the manager is supported in the process of finding candidates for the execution of a 
work package. This automated approach will save the manager a considerable amount of time. 
 
There are two other scenarios the matching service should facilitate: 

 Finding a work package for an expert: In this case the manager provides the matching 
service with expert information instead of a work package and the matching service will 
return a list of work packages which can be executed by the expert. (Section 2.2.2) 

 Finding an expert which is able to answer a technical question: The user provides the 
matching service with a technical question and the matching service will find experts 
which are able to answer this question. (Section 2.2.3) 

 
Because of the limited amount of time available for this project, we focused on the case of finding 
experts for a work package. The design for the other two cases can be extrapolated from the design 
we propose for this case. 
 
It is clear a complete cost benefit analysis is not possible at this moment, but the benefits of an 
automated matching service over manual matching are convincing (Chapter 2): 

 Automated matching saves the manager time. 
 It is less complicated to replace a manager in case of illness or other reasons, because the 

manager does not need to have extensive knowledge of the skills and availability of the 
experts. 

 It is easier to find an expert with an exotic skill from a department other than the IRC 
department. 

 In case the IRC keeps growing larger it will become impossible to do all the matching 
manually. 

 Finding an expert which is able to answer an ICT-related question is less time consuming. 
 
In Section 4.1.1. we identified the importance of information concerning the location of the experts. 
By taking location information into account during the patching process, an expert with a minimal 
traveling distance to the preferred location for the execution of the work package can be found.  
 
After an analysis of the context in which the matching service will have to operate and taking into 
account the wish to use agent-technology, we propose an architecture incorporating one agent per 
location: In case a manager needs to find an expert, he sends a work package to his local agent. In 
collaboration with the agents residing on the other locations, the agent will try to find experts 
which are able to execute the work package. (Section 5.1)  
 
There are various ways of modeling an agent. We concluded the BDI approach to agency is 
unnecessarily complex for the case of the XMAS matching service. We can suffice with reactive 
agents which have a predefined way of reacting to input from their environment: If an agent 
receives a work package from the manager, its first predefined reaction will be to search for experts 
in its local database. In case it find enough experts, it reacts by sending the information about these 
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experts to the manager. In case it is unable to find enough matches in its local database, it reacts by 
asking the agents at the other location to search their local databases.(Section 5.2) 
 
We eliminate the necessity of a high bandwidth connection for every agent by incorporating a 
blackboard in the design. By running the communication of the agents through the blackboard, only 
the blackboard requires a high bandwidth connection. (Section 5.3). 

 

These findings have resulted in the design of the matching service (Appendix A: Functional
design and Appendix B: Technical architecture). In the next section we present a global
description of the proposed architecture for the XMAS matching service. 
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7 Design 
In this chapter a global description of the proposed architecture for the XMAS matching service is 
presented. More detailed information concerning the design can be found in appendix A: functional 
design and appendix B: Technical design. 
 

7.1 CIS framework 

CIS

Worker Group Worker Group

Worker Worker Worker

CIS

Worker Group

Worker

 
Figure 13: CIS framework 

 
For the implementation of the matching service, the CIS framework (23, 26) is used. This 
framework is developed within the CNS department of LogicaCMG in the context of the European 
Sixth Framework Ecolead project (1).  
 
The framework consists of the following core components: The Collaborating Information Service 
(CIS), the Worker Group and the Worker. The CIS is a web service that is able to receive 
instructions by means of an xml-file. The CIS is owner of one or more worker groups which each 
contain one or more workers. The workers are the agents that perform the orders the CIS received. 
The instant the CIS receives an order, it verifies is the order addressed to one of its own workers or  
a worker of a befriended CIS. In case the order is addressed to one of its own workers, it forwards 
the order to that agent. If the order has to be executed by a worker of another CIS, the CIS forwards 
the order to that CIS. 
 
The workers of a CIS are distributed over worker groups. A worker group contains workers with a 
common task. Worker groups are used to group the workers according to their function. E.g. for the 
XMAS service two worker groups will be defined: ExpertMatch and Blackboard. The ExpertMatch 
worker group contains the worker responsible for the matching process, the Blackboard worker 
group contains the worker that implements the blackboard. Figure 14 displays how the XMAS 
service is mapped onto the framework. 
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Figure 14: XMAS mapped onto the CIS framework 

 
At every location that participates in the matching process (Groningen, Rotterdam, etc.) a CIS will 
be installed. Every CIS owns a matching agent (worker) that is responsible for finding experts 
which match with a work package and matching criteria as described in Chapter 2.2.4. At one or 
more CISes also a blackboard agent (worker) is running to aid in the information sharing process of 
the matching agents as described in Chapter 5.3. How these agents interact to collaboratively find 
the required matches is described in the next subchapter by means of a sequence diagram. 
 

7.2 Sequence diagram 
In this section we give a description of the interaction between the agents in the XMAS architecture 
by means of a detailed description of the sequence diagram shown in Figure 15. The numbers in the 
text refer to the numbered stimuli in the sequence diagram. For more information concerning 
sequence diagrams please refer to David Bell’s introductory text on sequence diagrams (5). 
 
To find experts to execute a particular work package, the user sends a request to the Matching 
Service containing a work package and the criteria to which the experts should confirm [1]. The 
Matching Service will first query his local database for possible solutions [2]. If it fulfills the match 
according to the criteria, it returns these experts to the user as suggested matches [3].  
 
In case the Matching Service is not able to find enough matching experts in its local database, it 
will put a Match Request on the Blackboard [5]. To keep track of which Matching Services already 
have received the Match Request, each Matching Service which views the Match Request adds his 
ID to the Match Request [4, 10]. At this way each Matching Service will know which of his friends 
already have seen the Match Request.  
 
The Matching Service will post it found in its local database on the Blackboard [6] and asks its 
friends to find matches in their local databases by sending them the FindExperts() request [7]. After 
the friend received the FindExperts() request, the friend retrieves the Matching Request from the 
Blackboard [8, 9] and adds its ID to the Match Request [10]. In case the friend finds any matches in 
its local database, it sends these to the Blackboard [12].  
 
When the blackboard first has gathered enough experts that confirm to the criteria, it will send 
them to the Matching Service which received the matching request from the user [13]. The 
Matching Service will subsequently present the experts to the user [14]. 
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Figure 15: Match work package sequence diagram 

 

7.3 Prototype 
In order to demonstrate the design, we implemented a prototype of the XMAS matching service. 
The prototype allows a user to create an arbitrary number of CIS’s with each their own set of 
worker groups and workers. Figure 16 shows the visual representation of four CIS’s: three with a 
matching service and one with a blackboard. 
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Figure 16: Topology view 

 
 
Figure 17 shows the main window of the matching service, this window is used to select a work 
package (at the left) and the matching criteria (at the right). After the user has selected a work 
package and criteria, he clicks on the “Match” button and the system will start the matching 
process. 
 

 
Figure 17: Work package and criteria selection 
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When the matching process is completed, the matching results are presented to the user. An 
example of the results window is shown in Figure 18. 
 
 

 
Figure 18: Results 
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8 Conclusions 
In this report we discussed the design of an agent-based expertise matching service. For this 
research project we focused on a number of important topics within the design. I.e. the 
communication between agents, the method to share information and the constraints and 
opportunities of implementation in a nomadic environment. The analysis in this report should 
represent a solid base for future development. In Section 8.1 we discuss the advice which results 
from the conclusion of this report discussed in Chapter 6. In Section 8.2 we discuss the future work 
needed to complete the design. 
 

8.1 Advices 
Analyzing the research question “What is a suitable architecture for a matching service in a 
nomadic environment?” we have substituted three advices. Details on the motivation for the 
advices can be found in the corresponding section in this report. Also the design documents can be 
consulted, representing the design of the matching service according to the advices.  
 

8.1.1 Reactive agents 

In this report we discussed two models to implement agent technology. Concerning the model of 
agency to use for the XMAS matching service, we recommend to apply the reactive model of 
agency. This model is less complex to implement than the popular BDI model, while it suffices for 
the paradigm of a matching service (see Section 5.2).  
 

8.1.2 Blackboard architecture 

The agents used in the proposed architecture could use different forms of information sharing, we 
discussed three options: sharing information by means of direct interaction, a blackboard or a 
distributed blackboard. We recommend implementing the blackboard architecture because this 
enables the agents to operate with a relatively low bandwidth connection and in future projects this 
architecture can be used to keep track of the status of the matching process (See Section 5.3). 
 

8.1.3 Additional work package and expert info content 

During the requirements analysis stage of the project, we analyzed which information is essential 
for a proper functioning matching service. We discovered that not all of the information needed for 
the matching process is available in the current database system (see Section 2.2). Parameters 
missing in the work package are the required skills and the corresponding skill levels of the 
experts. Additionally, the required location for execution of the work package is missing in the 
work package. We advice to add these three parameters to the information recorded in a work 
package (see Sections 2.1 and 2.2.). 
 
Another parameter missing is the location of the expert, adding this information to the expert info 
is less straightforward than the previous mentioned parameters. In Section 4.1.1 we discuss about 
the necessity of location information for the desired functionality of the matching service. The 
dynamic nature of the location information implies it’s changing frequently and should be easily 
updated. We advice to use the electronic agenda (Outlook (22)) of the experts to record their 
location information. This electronic agenda is already used to record meetings. By using the 
agenda to record projects and their location, the location information of an expert will be available 
to the matching service.  
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8.2 Future work 
In this report we discussed the preferred functionality of the matching service by defining three 
scenarios (see Section 3.2). Due to time-constraints we only focused on a matching service which 
adheres to only one of these scenarios. To complete the matching service the other two scenarios 
should, of course, be constructed too. To accomplish this, the results of the scenario we focused on 
in this report can be extrapolated to the specific cases of the other two scenarios without much 
problems.  
 
An important aspect of future research should be the appliance of the friends-network of befriended 
agents. In Section 5.3 we discussed this topic: the agents assisting another agent with its matching 
task ask their own friends to help with solving the matching task too. In this way a potentially 
much bigger group of agents can be addressed to aid in the matching process. 
 
Less important properties of nomadic working in the current and near future situation at the IRC 
are the independence of motion, computing platform, communication device  and communication 
bandwidth (see Section 4.1). We did not cover these variables in this report. In case the IRC 
decides to deploy their employees in a more flexible fashion - requiring them to work at constantly 
changing locations, to travel more and to work on the way - these variables will become important 
and future research should incorporate these variables in that case. 
 
Other important topics which are not explored into full depth are the matching algorithm (e.g. 
based on ontology) and the method to effectively extract the information from the original sources. 
Both topics are part of interesting research disciplines. These topics have to be researched before 
actual implementation of the design. 
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9 Glossary 
Agent An autonomous software entity capable of making decisions without 

interaction with human users. 

BDI Beliefs Desires Intentions: A model of agency. 

CCT Change Control Tool: A tool used to manage work packages. 

Cellular connection A wireless communication network using 2G and 3G technology (cell 
phones use this communication network).  

CIS framework An agent-based framework developed at the CNS expertise group of 
LogicaCMG. 

CNS Collaborative Network Solutions: an expertise group of LogicaCMG. 

Expert An ICT expert. 

IRC Integration Result Centre: a subdivision of LogicaCMG. 

LogicaCMG ICT company hosting the internship of the writer of this report. 

Nomadic worker An employee capable of doing his job independent of his location, 
motion, computing platform, communication device and 
communication bandwidth. 

PDA Portable Digital Assistant, a small handheld computer. 

RC Result Centre: a specialized team within the IRC. 

RO Result Office: a specialized team within the IRC. 

SPSS A computer application used for statistical analyses of data. 

VE Virtual Enterprise: An enterprise actually consisting of multiple 
enterprises, but acting as a single enterprise towards the customer. 

Wi-Fi A wireless network technology. 

Work package A work package contains all relevant information concerning a task 
which can be executed by exactly one employee. Examples of 
relevant information: The period in which the task has to be 
completed, location where the task has to be executed, etc. 

Networked Organization An organizational structure that relies on multiparty co-operative 
relationships between people across structural, temporal and 
geographic boundaries based on the existence of dense networks of 
flexible communications (17).  
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