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Abstract
The use of agent systems has increased enormously, especially in the field of mobile services.
Intelligent services have also increased rapidly in the web. In this thesis, the utilization of software
agent technology in mobile services and decentralized intelligent services in the multimedia business
is introduced and described. Both Genie Agent Architecture (GAA) and Decentralized International
and Intelligent Software Architecture (DIISA) are described.

The common problems in decentralized software systems are lack of intelligence, communication
of software modules and system learning. Another problem is the personalization of users and
services. A third problem is the matching of users and service characteristics in web application level
in a non-linear way. In this case it means that web services follow human steps and are capable of
learning from human inputs and their characteristics in an intelligent way. This third problem is
addressed in this thesis and solutions are presented with two intelligent software architectures and
services.

The solutions of the thesis are based on a combination of neural network and agent technology.
To be more specific, solutions are based on an intelligent agent which uses certain black box
information like Self-Organized Map (SOM). This process is as follows; information agents collect
information from different sources like the web, databases, users, other software agents and the
environment. Information is filtered and adapted for input vectors. Maps are created from a data entry
of an SOM. Using maps is very simple, input forms are completed by users (automatically or
manually) or user agents. Input vectors are formed again and sent to a certain map. The map gives
several outputs which are passed through specific algorithms. This information is passed to an
intelligent agent.

The needs for web intelligence and knowledge representation serving users is a current issue in
many business solutions. The main goal is to enable this by means of autonomous agents which
communicate with each other using an agent communication language and with users using their
native languages via several communication channels.

Keywords: agent architecture, agent platform, artificial intelligence, decentralized system,
intelligent agents, ubiquitous computing, web personalization
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1 Introduction 

1.1  Background of Genie Agent Architecture 

Multi-agent systems have many advantages over a single agent, on account of the agents' 
mutual understanding [1-3]. Communication between agents can be compared with 
communication between people, except that agents will not reach a similar understanding 
about the content of the discussion, the actual objective being to observe a common 
communication language. How the semantics and contents of the language are defined is 
a separate matter. The communication is required to contain only the means for achieving 
the purpose (e.g. a grammar, a syntax and methods). Communication that is too 
accurately individualized can lead to conflicts and ambiguities, and thus the content 
should be separated from the communication itself by various means. Attention will be 
paid here to the semantics of the language. Examined in more detail, this implies that a 
computer or similar electronic device which processes information must understand what 
it is about. This is a major challenge for agent technology, but methods are developing all 
the time. One possibility is to use neural networks to separate the semantics and content 
of the language. If the information to be communicated is fuzzy, clustering by means of 
neural networks is recommended. At the same time there are relations between the 
concepts that must be known, and consequently there is a direct connection from 
ontology to semantics and the agent communication language. 

The purpose of Ubiquitous Computing is to integrate the computer as an invisible but 
effective part of our everyday lives [4,5]. Instead of computers telling us what to do, they 
should imperceptibly support our everyday activities. Although these ideas were first 
presented by Mark Weiser in 1988, computers have still not disappeared from our 
awareness. A key challenge to be met was the developing of software architecture for a 
Ubiquitous Computing environment serving intelligent and autonomous software 
components (which have ability to learn). Such a software architecture must be modular, 
decentralized, portable and independent in terms of equipment and operating system.  

Furthermore, the software architecture should support the explicit representation of 
application-related knowledge, which would allow the same general components to be 
utilized in many different applications. Common protocols for exchanging explicitly 
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represented knowledge would also facilitate decomposing the system into independent 
components with clear interfaces, which would in turn allow a Ubiquitous Computing 
(UC) environment to be built up gradually by a large community over a long period of 
time. 

A major source of information for such a UC environment might be the Semantic Web 
– i.e. a form of World Wide Web with its content understood by machines [6-8]. The tools 
required for describing the semantics of a Web page for a machine are in fact the same as 
those needed for explicitly representing application-related knowledge. In the ‘Genie of 
the net’ project these problems are researched with the assistance of the Genie agent 
architecture (GAA), and were built a calendar application based on this architecture in 
order to verify the functionality of the system in practic [9-11].  

The use of agent technologies has increased enormously, especially in the field of e-
commerce, and the versatility of these agents has also been noticed in other fields of 
application of computer science. Most agent technology solutions are still experimental, 
and the lack of coherence is disturbing. Decentralization and software modularity are the 
basic features of the agent technology, where decentralization means the approach of 
building applications from independent to distributed components. In fact, the modularity 
is partly realized by means of an object-oriented implementation language. In this sense, 
modularity refers to entities (mainly software agents) which work independently and are 
further divided into subcomponents [12]. 

The agent-based system architecture for controlling general information and 
knowledge is one of the most significant results of Genie Agent Architecture (GAA) 
[12,13]. The computing works in a distributed manner, in an environment determined by 
the user, and thus it must be durable and wireless. GAA utilizes common specifications 
and technologies. This approach facilitates co-operation with other systems and use of the 
architecture in different applications, i.e. its common solutions for communication and 
knowledge representation facilitate communication with other systems and the explicit 
description of application-specific knowledge (i.e. loading the knowledge instead of 
coding it into the system). 

Since decentralized, global, modular software architecture was needed to carry out 
applications in the ubiquitous computing environment, it was decided to develop a 
software architecture that would also serve the mobile user. Agent technology offered an 
excellent solution for combining the different applications and services [12]. When 
several separate standards and protocols dominate, agents are able to solve some of the 
ensuing problems. The task of an agent in this context is to take care of communication 
between the separate modules (applications, services, systems or a combination of these), 
the independent functions of the modules and the interfaces between them. In this 
context, the terms interface and wrapper agent (middleware level) are used to refer to 
these in the discussion below. Successful communication between the agents also 
required a communication language and agent ontology [15]. 

The agent communication languages (ACL) used were as far as possible advanced 
agent languages possessing extensive specialized documentation and being close to the 
required degree of standardization. A comparison was made of the KQML (Knowledge 
Query and Manipulation Language) and FIPA ACL (Foundation for Intelligent Physical 
Agents) communication languages in terms of suitability for this project, and eventually 
FIPA ACL was selected on the basis of these comparisons and the available specifications 
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[16-18]. The selection criteria also included support for the eXtensible Markup Language 
(XML), which FIPA ACL was capable of providing [19].  

Adding intelligence to the system artificially is a great challenge, and therefore the 
reasoning system of the Genie is divided it into smaller areas, namely rule-based and 
neural network-based reasoning processes [10]. In rule-based systems it is used mainly 
rule machines that are either commercial or being used by other research institutions. 
Regarding learning and intelligence reference was made to neural network methods that 
are mainly based on the Self-Organizing Map (SOM) concept, and to some extent also to 
rule based systems, thus forming a hybrid system [20]. 

The Genie Agent Architecture (GAA) was presented briefly in the Newsletter of the 
Foundation for Intelligent Physical Agents in September 2002. The 26th FIPA meeting 
was held in Helsinki, Finland, July 22nd to 26th, hosted by Sonera [17]. 

1.2  Background of matrix architecture DIISA 

Decentralized architecture is necessary in global and intelligent Internet services and 
applications [21]. The structure of decentralized architecture is very polymorphic and 
difficult to design. Multi-channel platforms are becoming more general and by the turn of 
the millennium some actual success had been achieves. It usually contains 2G-, 2G+-, 
3G-, Digital-TV- and the newest Internet technology. TV companies, teleoperators and 
advertisers offering multimedia communication have been seriously moving towards 
digital content production.  

The first successful intelligent Internet-services in Finland were SeOikea (English 
version TheOne) – intelligent dating service developed in co-operation with Alma Media 
and Neurotuotanto Oy (Neuroproduction). SeOikea came into existence from an idea of 
Dr. Mika Ala-Korpela in 2000. The first version was produced before the end of 2000. 
The lack of matrix architecture for the global Internet services was obvious in this 
version. The author’s part in this version was mainly the development and 
implementation of the intelligent neural network software modules. The software was 
based on the SOM net. The developer and modeler of the net was Dr. Yrjö Hiltunen. The 
second version came into existence at the beginning of 2001, when TEKES (Finnish 
Technology Development Center) provided financial support for developing the product. 
The name of the project was “Decentralized and intelligent WWW-software architecture 
for multimedia communication”. The third version (Cyou) was developed for the 
Norwegian market and the fourth version for the Chinese (DateAgent).  

The fourth version was changed almost completely. The new hardware architecture 
was also developed and constructed for new software architecture and intelligent services 
by the author. The HW had to be very heavy and efficient because of international 
activity. The development of the web software was taken into account and redesigned. 
The database and related data structures (schemas, table areas, tables, etc.) and database 
software (triggers, procedures, scripts, etc.) likewise were completely redesigned and 
implemented by the present author. Only some table and column names were left from 
old one version. The neural network software was also totally changed with four teaching 
methods: 1. Off-line teaching with user/agent information (user/agent recognized), 2. On-
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line teaching without user/agent information (user/agent not recognized), 3. Off-line 
teaching without user/agent information and 4. On-line teaching with user/agent 
information. 

In the third and fourth versions, the agent technology in a sense achieved an 
established position. There is no organized agent architecture or agent platform 
construction but autonomic intelligent software components called software agents in this 
context [18]. The assignment of intelligent agents was mainly the serving of the user in 
an intelligent way. The purpose was to handle routine tasks of users without disturbing 
them. A so-called intelligent user agent acts using the profiles of users [22]. Information 
to users is mainly by SMS (Short Message Service) messages and web information 
windows. In the third version the new language versions emerged: Norwegian, Swedish 
and English. 

1.3  The scope of the thesis 

The purpose of this thesis is to develop decentralized software architectures for intelligent 
software applications and services. These architectures are based on Ubiquitous 
Computing Environment serving mobile users. It is necessary to observe very strict 
requirements for these services like international environment, mobile uses in multimedia 
concept, TV environment (including Digi-TV), native communication between modules, 
cultural differences, different natural languages, co-operation with third parties (content 
providers, other technology suppliers, international teleoperators), different gateways 
(SMS, MMS, etc.) and so on. In both architectures, agent technology is utilized in 
different ways. In this thesis, utilization of the agent and neural network technologies in 
different kinds of architectures, applications and services are presented. At the same time, 
we intend to show how agents and decentralized architecture works in real business 
applications (in industry) via business architecture DIISA. These architectures are 
described with real applications and services. The first, Genie Agent Architecture (GAA) 
is demonstrated by calendar application and the second “Decentralized International and 
Intelligent Software Architecture” (DIISA) by Intelligent Dating Service – SeOikea. 

1.4  The contribution of the thesis 

The main goal of this scientific research is to develop decentralized software 
architectures and intelligent agent modules which utilize a combination of agent and 
neural network technology with learning capabilities. In other words, the contribution of 
the thesis is to propose new methods for intelligent software agents capable of learning 
new things from the environment and sharing this information with other software 
components and the environment (like humans). The strict requirements mentioned in the 
previous chapter offer a suitable test bed for such intelligent agents. The research results 
are therefore converted into a real environment with strict requirements. 
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The contribution of this thesis consists of three parts: 1) The Genie Agent Architecture 
(GAA), 2) Web intelligence and user personalization and 3) Decentralized International 
and Intelligent Software Architecture (DIISA).  

The Genie Agent Architecture system has been developed to handle information 
transfer between applications and/or services without communication problems (based on 
software agent technology) and using artificial intelligence (AI) methods for reasoning 
[23,31]. It is customary to talk about both rule and neural network-based reasoning 
processes in connection with learning and intelligent systems, and an attempt has been 
made to embed all these technologies into one entity - Genie Agent Architecture [10]. The 
innovation of Genie compared to other systems is the very extensive utilization area in 
the UC environment connecting various software modules and systems together (e.g. 
context recognition, information systems, reasoning systems, HW-modules, external 
services, external systems, etc.). A significant feature of the SOM nets in GAA system is 
that it is possible to increase the intelligence of applications and services and learning in 
response to the current situation. The services and applications are tailored to be user-
specific according to the users’ interests. To support the learning process of the system, 
the user is occasionally asked some short questions which modify the functionality and 
reliability of the personal profile. These questions are asked because the information 
gained from the personal and click stream data is not enough for reliable reasoning. On 
the other hand, the information required to support the reasoning is gained from the use 
of a multimedia terminal and a mobile phone. 

Web intelligence means user/service personalization and matching in this case. 
Information is collected from user click-stream data, environment and software agents. It 
is translated into vector mode and moved to the SOM module assistance of information 
agents after that. SOM gives certain outputs with special algorithms and an intelligent 
(user) agent utilizes this information. A new version of this system, the SmartAgent 
product family, is under development. This new system is based on autonomous and 
intelligent software components with to capability to learn online from user behaviors 
(mobile and web contexts) [10,32]. It is targeted at international markets for business 
needs. We are looking for mobile and autonomous applications which have several 
intelligent features like autonomous learning methods. Pure Genie Agent Platform (GAP) 
was not a high-tech achievement (only a test bed for autonomous agents) but this whole 
architecture with the combination of neural networks and agent technology (to be exact 
Intelligent Service Platform – SmartAgent) most definitely is. This argument is justified 
with several functional high-tech applications for customers and most importantly with 
novelty search, which has been done for agent/neural network combination and our 
innovation (SmartAgent). Novelty search, made by the National Board of Patents and 
Registration, was done for the following countries and institutes: Finland, Sweden, 
Norway, Denmark, Switzerland, Germany, United Kingdom, United States, WIPO (The 
World Intellectual Property Organization) and EP (European Patent Office). There is also 
a study on our neural network and agent-based services for China markets by FinPro 
(China office), nothing comparable has been found. The Genie Agent Platform (GAP) is 
nowadays replaced with intelligent SmartAgent platform. 

The system architecture of the SeOikea Intelligent Dating Service is based on global 
distributed matrix architecture DIISA. The first goal was to combine agent architecture, 
information system (distributed database system) and neural nets with Internet 
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Technology. The second goal of the Decentralized International and Intelligent Software 
Architecture was to find solutions to agent intelligence and matching problems with the 
assistance of a SOM (Self-Organizing Map) [20]. The matching and profiling of the users 
have been implemented with ANN (Artificial Neural Network) technology, while the 
agent technology was based on the DIISA and Genie Agent Architecture, so that users are 
served through personal user agents which have been taught by means of neural networks 
on the basis of web behavior and text messages (Short Message Service) [33,34]. The 
user agent (or information agent) will follow the user to all the sites to which he switches 
when proceeding from one link to another, and the user interface of the portal will adapt 
dynamically to the user's needs, to provide dynamic user interfaces. 

In the DIISA matrix architecture, the applications are divided by the rows and areas 
(e.g. target countries, where applications or services is used) by the columns. The solution 
of the architecture offers flexible configuration of applications and services for different 
needs. We can divide the applications in this context depending on their ways of 
functioning and on the interaction between the users and the active and passive 
applications. The applications will be passive if the user mainly controls the operation of 
the application, but active if the user's arrangements have a minimal effect on the final 
result of a task from the point of view of the solution. 

DIISA architecture is made for intelligent applications and services. Conventional 
software architectures do not offer AI features and software agent capabilities for needed 
intelligent applications. It also speeds up the development of intelligent applications and 
services, because core technology and application layers are separated from each other 
with agent communication channels. 

1.5  Structure of the thesis 

This thesis is organized into three logically subsequent parts: Genie Agent Architecture 
(GAA), Web intelligence and user personalization and Decentralized International and 
Intelligent Software Architecture (DIISA). It consists of seven chapters, the list of 
references and appendices:  

Chapter Two describes the Genie Agent Architecture. The author developed the Genie 
Agent Architecture system and in this publication some general requirements for 
ubiquitous intelligence are presented. It also describes the current status of Genie and 
other agent based systems. 

Chapter Three describes the calendar application based on Genie architecture. The 
author’s part in this publication is the Genie Agent Architecture, part of the Knowledge 
Presentation issues and Calendar Application (Family Calendar).  

Chapter Four describes the web intelligence and user personalization in Genie Agent 
Architecture and Decentralized International and Intelligent Software Architecture. 

Chapter Five describes the main principles of the DIISA architecture. 
Chapter Six presents the Intelligent Dating Service SeOikea based on DIISA 

architecture. It also concentrates on how to design and implement intelligent cross media 
services in a modern information society. 
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Chapter Seven concludes the research work of the thesis. Ideas for future work are 
also outlined. 

Appendix A supports Chapter Three. 
Appendix B supports Chapter Five. 



2 The Genie Agent Architecture 

2.1  Introduction 

Scalability, usability and portability are important properties for a software system in a 
ubiquitous computing environment. In the Genie system scalability is achieved by 
dividing the resources dynamically in the network. The usability of the Genie system, as 
evaluated by the user, includes user-friendliness, data representation, interactivity and 
guided functions, while the portability of the architecture, referring to its functionality in 
different environments and flexible transfer to another environment, is based on the 
method of decentralized software components. The system can act in the net both locally 
(e.g. on a portable computer) and in a distributed manner. The standard of the interfaces 
supports the modular thinking model.  

Fault tolerance is a further requirement for the architecture. Addition or removal of the 
software module must not lead to any comprehensive interruption of the operation, in 
other words, the system must be able to function even though some of the modules 
(agents or normal software) and/or resources may be unable to react. In the Genie 
architecture there is an agent platform that handles such issues. The software agents join 
the Genie system by registering themselves, so that the agent platform can check the 
existence of the agents and their connection to the system. Failure in a module is noticed 
by monitoring the activity of the software interfaces.  

The Genie Agent Architecture (GAA) consists of seven main software modules (see 
Fig 1), internal communication between which goes through the Agent Communication 
Channel (ACC), while the connection to external systems (e.g. the User Interface) goes 
through a Bi-directional Communication Channel (BIC). 
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Fig. 1. High-level architecture of Genie. 

The Genie Architecture system is divided into independent modules, in which the agents 
are mainly situated. The information service, for instance, includes database agent(s) that 
act like wrapper software or interfaces between the modules. Every module is a 
functional entity of its own, and the modules are integrated as a common entity with 
general interfaces and an agent communication language (ACL) which the system uses 
for mutual (internal interfaces) and external (external interfaces) communication between 
agents [16]. The Ubiquitous model of the Genie architecture is presented in Fig 2. 
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Fig. 2. Genie Agent Architecture in Ubiquitous Computing environment. 

Communication is based on a common data structure in which the software modules 
interact with a Session Frame. In this context, the Session Frame (SF) is a kind of agent 
blackboard to which the software agents transfer information from the modules [35]. The 
system may consist of several separate sub-sessions which interact among themselves, 
while the main SF and the sub-sessions together divide the agents into target groups 
based on the information they possess. A target group defines the modules interested in its 
information. In this sense the SF system is similar in principle to a newsgroup system. 

The hardware, such as sensor equipment, actuators and display units (Fig. 2.), will not 
be discussed in this thesis. Its main task will be that of handling and converting the raw 
data for further use. 

2.2  The Genie Agent Platform 

The Genie Agent Platform (GAP) is designed to enable communication between 
decentralized agents and to provide the means for this. To be able to communicate with 
each other, agents have to register their names, location and the resources which they 
possess in the GAP. Communication between agents is handled by RMI and HTTP 
protocols and the FIPA ACL agent communication language [36]. All agents are 
supported by RMI, HTTP and FIPA-ACL by virtue of the common Agent Frame (AF), 
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which contains all three communication methods in order to build new agents. On this 
occasion the AF represents a standalone client software component which provides an 
environment in which the client agents can operate. It hides the actual creation and 
maintenance of the RMI connection, and also message distribution via the RMI interface 
through the GAP to a receiving agent. When the agents have registered themselves with 
the Agent Management System (AMS), communication with them is enabled. Thus the 
AMS is a middleware agent and is located on the GAP.  

The Genie Agent Platform comprises six modules (see Fig. 3.), each strictly defined 
by its functions and purposes: the Connection Manager (CM) module, Message Manager 
(MM) module, Agent Management System (AMS) module, Communication Blackboard 
(CB) module (alias Session Frame), Directory Facilitator (DF) module and Mobile Agent 
Manager (MAM) module. Each module is executed in a separate Java thread. 
Communication between the modules is arranged via FIFO data structures. Every module 
has two of these FIFO data structures, one for outgoing messages and the other for 
incoming messages, except for the MM module, which has more FIFO data structures 
because it is the central module of the platform concerned with routing messages to the 
correct modules. 

AMS is based on the FIPA OS (Foundation for Intelligent Physical Agents, Open 
Source) specification and its tasks are therefore the same [37,38]. Briefly, it maintains the 
main register on the GAP. In the future it will also take care of the execution and control 
of the mobile agents on the GAP.  

Another FIPA OS compatible component is the Directory Facilitator (DF), which is 
also a middleware agent. This is responsible for providing a directory of the available 
resources, so that agents can register and deregister their resources directly with it and 
thereby make their resources available to other agents. Other agents can send queries to 
the DF to find the most suitable agent for their current tasks or problems. The DF is 
integrated to the Genie Agent Platform. 

The Message Manager module routes the message received from the Connection 
Manager to the Session Frame (assuming that both the receiving agent and the sender are 
registered on the AMS).  

The Session Frame supports both direct (peer-to-peer) communications between 
agents and communication via a blackboard, for providing communication channels for 
the former and managing the blackboards for the latter. In fact, the AMS assigns the 
rights to peer-to-peer communication (or it changes the mode), in other words the 
communication is moved between the agents depending on the situation. In this case the 
messages are not carried through the Session Frame but directly from one agent to the 
other. Basically, it co-ordinates the work of software agents which it has assigned to work 
for it. These agents communicate through the blackboard, which serves as the session 
frame where the agents assemble for a meeting. 

Session Frames are managed by the Moderator and Message Center subsystems. The 
conversation identification number identifies the agent (not the agent type), i.e. the 
information agent or user agent. The RDF (Resource Description Framework) identifies 
agent types or resources in general. The Moderator receives a message sent by the MM, 
reads the conversation id field (specified in FIPA, which identifies the agent) in the frame 
object (which contains the parsed FIPA message), and if this field is empty it understands 
that this is a new conversation initiative and assigns it a conversation ID and updates its 
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internal register. The information stored in the Moderator’s internal register consists of 
the common agent information and the conversation ID. The Moderator passes the frame 
object to the Message Center via a shared FIFO data structure, in response to decisions 
made on the grounds of the information concerning the message. There are two choices, 
to assign a new Session Frame or input the message to an existing SF. 

The Message Center module contains the data structures to be used in SF 
communication. On account of the intelligent nature of the blackboards, each one is a 
separate Java thread that takes care of passing the new information to interested agents 
and ensures that the agent is ready to receive a message. The message is passed directly 
back to the MM module, so that it does not go through the Moderator again. 

The Genie Agent Platform is designed to be able to connect with other Genie 
platforms. This is done through its directory facilitators (with an RDF schema), which are 
well suited for this purpose because, as agents, they understand the FIPA ACL and 
possess the list of available resources located in its Home Agent Platform (HAP). [2] 

Fig. 3. High-level component diagram of the Genie Agent Platform. 

There are two more middleware agents on the GAP, an Intelligent Agent (IA) and a 
Moderator Agent (MA). The main task of the Intelligent Agent, the most intelligent part 
of the platform, is to co-ordinate the Decentralized Problem Solving (DPS) process. This 
is in effect a composite of three separate tasks: decomposition of the original problem, 
distribution of sub-tasks to the agents which are capable of solving them, and synthesis of 
the overall solution. The moderator agent controls the use of sessions and is responsible 
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for issuing messages to the right SF and mailboxes. It co-ordinates blackboard and mail 
box deletion, and also the assignment of new blackboards and mailboxes. 

The co-ordination of decentralized problem solving is based on an organizational 
structuring which adopts the SF approach. Peer-to-peer communication between two 
agents is also possible, with the minimum requirement that both agents should be 
registered with the AMS. However, all conversations on the SF and in the mailboxes are 
recorded and stored on the local hard disc in the form of log files.  

The GAP supports dynamic class and object loading via RMI (over HTTP tunneling). 
The classes that can be loaded are located on a web server or in a specific database. 
Object loading enables the platform to support a mobile agent, but the environment for 
this is still in the experimental stage.  

2.3  Information Service 

The information service is an essential part of the Genie system. It contains decentralized 
relational databases such as a knowledge base, the agents' ontology database, a database 
containing personal information and several database agents (see Fig. 4.). These must 
decentralize in response to the demand for databases and database servers, in other words 
they must have the ability to operate uniformly in a decentralized environment. Several 
solutions exist at the application server level. Communication between the databases and 
the agent platform is based on the client/server method at the moment [36]. The 
information service has been built up around the manner of representation, XML, which 
is also supported in the databases [19].  
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Fig. 4. Internal structure of the Information Module. 

Database transactions can be executed by the information service module (which operates 
independently from the platform) to the external database server, which may, for 
example, be a Unix server. Thus the information service module can be located anywhere 
in the environment where the Java virtual machine is supported. Transactions between the 
database instances and an agent platform are taken care of by database agents, which are 
threaded so that “child agents” are directed by the database manager agent. The majority 
of the data flow through the agent platform to the information service is caused by the 
knowledge, ontology and personal databases. Only the manager agent communicates 
using the FIPA ACL language, while all the other instances (knowledge, ontology and 
personal databases) may be regarded as representing the database manager agent. In 
addition to ordinary transactions, the database agent is responsible for encapsulation of 
the information as XML documents and vice versa, containing a separate XML parser 
component for this purpose. 

Knowledge Database. Service-specific and/or application-specific knowledge is 
placed in the knowledge base. At this stage there will be mainly a rule base, in which the 
rules of the rule engine used by the intelligent agent have been loaded. Some of the rules 
are at present in files, but the intention is to move them all to the database in XML or 
string form in the near future. These institutions are loaded depending on the ontology 
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and the current situation of the XML structure. Certain situations in an application and/or 
service call for the creation of a separate ontology and set of regulations (e.g. the static 
creation operation at the moment). Subontology branches and subsets of regulations are 
linked together depending on the situation in which the comprehensive ontology base and 
rule base are formed.  

Ontology Database. The content of the ontology base mainly consists of the 
significances of services and/or applications and of the lexicon. At the moment it consists 
of an ad hoc ontology, but we will eventually move over to dynamic ontology models 
such as DAML+OIL [8,39]. The ontology databases contain also Meta-information (e.g. 
RDF contents) and configuration information for the ontology [6]. 

Personal Database. As its name suggests, the personal database instance contains all 
the user-specific (and application-specific) information that has been filtered from raw 
data using the Data Mining block. In the future this instance may also contain 
configuration information about the user’s profile and connections to web sites (link 
information etc.), but in the present implementation it contains XML documents and 
binary data in which user-specific identifications, general knowledge (names, addresses, 
etc) and other profile information are included.  

Database agent. The database agent is the only agent that has a direct connection with 
the database (one reason is the data security), acting as a kind of servant to the other 
agents by carrying out the database operations they demand. Requests from other agents 
to the database agent are sent via a FIPA ACL message. If the message indicates that the 
other agent wants to insert new data into the database, the database agent collects the 
information from the message and constructs an XML document with the Document 
Object Model (DOM) [19]. When the document is ready, the database agent inserts it into 
the database. If the message indicates that the other agent needs some information from 
the database, the database collects the necessary specification from the message, retrieves 
the desired information from the database and returns to the questioner. The database 
agent acts independently and possesses a certain kind of built-in intelligence. It represents 
transparently both different types of databases (XML, binary, and so on) and different 
manufacturers' databases. The DB agent has been tested with three databases: IBM DB2, 
Solid FlowEngine and Oracle 9i. We could very well ask, of course, whether this agent is 
a real software agent, because it partly performs the same tasks as the traditional interface 
software of a database. The biggest difference lies in the fact that the software component 
is able to communicate with the other agents by means of the agent communication 
language and it operates independently anywhere in the network. 

2.4  Reasoning System 

The main goal of the reasoning system is to introduce problem-solving capabilities into 
the Genie agent architecture. Actually, its task is to solve application, service and user-
specific problems. Co-operation between the rule engine, neural network and an 
intelligent agent enables a wide variety of demanding tasks to be executed. The 
intelligent or user agent works in the background, making decisions as required by the 
system. 
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The decision-making process in the present agent architecture version employs a rule-
based system and neural network system (see Fig. 5.). The reasoning service consists of a 
JESS (Java Expert System Shell), own rule engine which based on Java and Prolog 
languages and SOM (Self Organized Map) based reasoning system [10,40]. JESS is an 
expert systems shell and scripting language written entirely in the Java language.  

Fig. 5. Principle of the GAA reasoning system. 

The intelligent agent of the GAA refers mainly to the user agent that takes care of routine 
tasks transparently for the user (see also Fig. 11. and Fig 12.). The first tested version of 
the Genie system implements a calendar application in which the calendar events are 
dealt with by means of rules. Appointments are automatically handled by person-specific 
and group-specific rules so that there will not be any overlapping reservations. The 
calendar is web-based, which means that the appointments can be made via a network. 
The agent's task is to move information between a rule machine and the agent platform. 

2.5  External Service 

The External Service contains the web server and related software, information agents, 
the identification system and possibly application server software. The controlled 
information outside the system goes through the firewall. The information and user 
agents are connected to the Internet on demand by means of HTTP tunneling. The web-
based UI (User Interface) is connected to the external service. It can be used by a mobile 
device (e.g. a PDA device), and is based mainly on the Java Servlet technique and JSP 
(Java Server Pages) [41]. The user interface also works as a console-based interface, 
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depending on the service or application, making it possible to adapt to the client site (e.g. 
Java-based mobile phone). The web based GUI of the calendar application is presented in 
Fig. 6. 

Fig. 6. Web-based user interface of the calendar application. 

The main task of the information agent is to transfer data from the Internet and other 
sources (mobile terminal, Digi-Box, etc.) to the users and other agents, and vice versa. 
Another task is information collection and possibly filtering, e.g. in the case of 
information collected from the Internet and other sources. The information agent may 
contain knowledge and control data and has the ability to filter these, but the tasks come 
mainly from the decision-making process, in other words from an intelligent agent. The 
task of the information agent in the calendar application is to transmit appointment and 
resources information between the information service, a decision-making process and 
the external service. 

2.6  Identification System 

The identification system processes all the information which is related to identification 
of the user and authorization of services, and can be connected with various identification 
systems such as fingerprint devices and memory buttons. This module also works with 
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traditional user identification in the absence of any supplementary devices. User 
identification can also be performed in a web-based manner by means of the browser, the 
identification agent moving the user information from the browser to the web server 
(External Service) from which it is carried to the agent platform for forwarding to the 
database agent, which checks it against the database. If the information is not found, the 
event will be rejected, but if it is found, logging into the system (for an application or 
service, e.g. the calendar application) will be accepted. 

2.7  Context Recognition 

As its name suggests, the context recognition module is responsible for the operation 
states. The context information is formed of context atoms, which make up clusters 
depending on the situation and events [42-45]. The occurrence which has the highest 
probability is chosen as the possible context. The dynamic, person-specific web user 
interface could be formed based on a user's state of feeling, for instance (e.g. skin 
moisture and heart rate). This can be used in situations where the person is feeling 
nervous, for example, or has otherwise been discouraged, in which case the presenting of 
aggressive information is not the best possible solution.  

The context recognition module contains the data-mining agent, the primary task of 
which is not to identify the situation but mainly to upgrade the information for the neural 
network [46]. The necessary parsing and mining is performed on the raw data according 
to filtering parameters. The context information is converted to a vector mode, so that it 
will be ready for input to the neural network. The block in question will be suitable for 
handling the data in very many ways with only small changes (the size of the SOM 
vectors changes from one case to another, of course) [20]. The data-mining agent moves 
the information through the agent platform to the database (knowledge base) and also to 
the decision-making process. The context recognition net could be a part of the whole 
reasoning system, but this block is not the main focus of this thesis. 

2.8  Middle software/hardware 

The middle software/hardware module is used only for special purposes. The information 
will not always be in the right form, especially if it is collected from external instances, 
and data conversion can be joined to a combination of protocols from hardware to the 
software interface. The main task, however, is to change the binary information from the 
sensors and actuator units into an understandable form, usually an XML (eXtensible 
Markup Language) document, although this conversion is usually performed at the end of 
the server in order to accelerate data transfer and reduce response times. The data 
conversion can be performed from the user’s heart rate information, for example, so that 
it will be ready for a context recognition module. This will indeed be a very general 
procedure in the Genie architecture. The purpose of the middle software/hardware 
module is to collect information from the sensors and to move it on to any actuator units 
present. There are usually separate socket controls, such as opening and closing of the 
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USB and COM ports, for example (in the case of the PC), and terminal servers (routes, 
e.g. robotics and logic information in an industrial net) also belong to this area.  

The agent technology will not be embedded in these modules (it is a possible means of 
transferring information in an industrial environment, for instance, but too slow), but 
instead they will be taken care of by sensor and actuator managers. These blocks are 
heavily dependent on the hardware used, and it is very difficult to design a general, global 
data conversion/collection module for all forms of equipment without tailoring work. 

2.9  Genie Agent Communication 

Communication between agents is based on the FIPA ACL communication language, a 
derivative of the KQML language, which was among the first of its kind to be developed, 
and is now a strong competitor to it [16]. The lack of explicit specifications was the main 
reason why KQML as such was not chosen. Conversely, FIPA ACL offers a wide range of 
specifications, all of which are available from the net. There is also a strong scientific 
community engaged in developing FIPA ACL, including a number of notable research 
centers. FIPA ACL is also in use in the FIPA-OS, Zeus and Jade agent systems [1]. FIPA 
ACL proved subsequently to be the right choice, even though some defects were found, 
such as semantic problems (e.g. SL, Semantic Language) [7]. Attention is paid to 
semantics in FIPA ACL, of course, but there are problems for which it has been criticized.  

Genie agents use the FIPA ACL 2000 agent communication language exactly [38]. It 
supports ASCII string, XML and bit-efficient encoding schemes. The significance of the 
Agent Communication Language (ACL) in the Genie system emerges in the fact that it 
offers a way of combining the separate applications and services, dividing the 
communicating systems into two categories: communication between immovable systems 
(mainly the PC environment) and communication between mobile systems (the 
Ubiquitous Computing environment). Both kinds of system are decentralized, immovable 
systems referring especially to those which have a high-performance calculation capacity, 
while mobile systems are light, terminal solutions in which the calculation capacity is 
small or medium, the structure of the agent language minimal and the information content 
small. Immovable systems are well suited for an industrial environment because of their 
capacity and performance. 

Safety and reliability issues are an essential part of the communication language, and 
are even more important in some special fields of application such as heavy industry and 
public health. The information must be protected by the best method available at the time. 
The SSH is the one of the best way of protection [47]. The reliability of communication is 
best ensured by using effective interaction protocols for the transmission of messages. 

2.10  Agent ontology in the GAA 

In the calendar prototype an ad hoc ontology has been used and tested with the Genie 
architecture. The advantage of an ad hoc ontology, however, is that it is easy and fast to 
build and can be of a very simple structure. When building up the first prototype, the 
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main goal was to achieve functional communication based on the agent communication 
language and agent ontology. Agents understand the meaning of a message by connecting 
and interpreting the performative, interaction protocol and the content field. The goal was 
achieved by using a simple, relatively limited ontology. The disadvantage of an ad hoc 
ontology is the very static model and that all specific actions and concepts are tailored so 
it is not usually a re-usable method. 

In the ontology of the calendar application, all the facts and attributes were modeled 
which were significant from the viewpoint of the communication, rather than making a 
perfect knowledge model of all the concepts in the agent environment. One of the 
important elements from the viewpoint of the communication, for example, is a meeting. 
In the calendar application the attributes connected to this are type, time, location, 
participants and the extra resources needed. The ontology is modeled in the form of a 
tree, so that the generic connections between the facts are made obvious and the sub-facts 
of the ontology are seen to inherit the attributes of the super-facts. This modeling 
structure was easy to exploit in the later phase because there the XML format was used to 
store ontology in the database. 

2.11  Genie vs. other agent systems 

A comparison between agent systems is presented in tables 1 and 2. It was significant that 
the most popular agent systems such as JADE, ZEUS, JACK and OAA possessed large 
numbers of features, but were at the same time the heaviest systems of all, and some of 
them were quite unstable. Half of these systems are based on FIPA standards and more 
than half support agent design. The storage allocation values, measured with the 
Windows Task Manager, are indicative. 

The Genie reasoning system, based on neural networks (SOM, Self-Organizing Map) 
and a rule-based system is capable of learning new contexts and making new decisions 
dynamically [20]. Genie cannot solve all generic problems, but only simple cases which 
are easy to handle via a self-learning neural network, e.g. the personalizing of users or the 
classifying of ambiguous messages. It is possible, for instance, to divide messages into 
clusters based on their content, in the manner of WEBSOM (Self-Organizing Maps for 
Internet Exploration) [20]. When messages and general ontologies (requiring quite a large 
knowledge base, in our case the Oracle knowledge base) are classified, it is possible to 
perform content matching. This can also be done with external information sources, e.g. 
outsider ontology bases, so that the ten best matching results, for instance, can be selected 
from the concepts (ontology). It is then possible to decide approximately what the main 
purpose of the message is in a dynamic sense. A second advantage is that Genie is a very 
light system compared with most popular agent systems, even though all the necessary 
features work well in it (agent communication, control of agents, management of agents 
and distributing of systems). 
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Table 1.  Comparison between agent systems 

Product Name  Zeus v.1.2.1 April JADE v.2.61 GENIE beta v. 2.0 
Implementation 
language 

Java, Lisp C, Java, Prolog Java, Lisp Java, Lisp, Prolog 

Availability/Licensing Open Source Open Source Open Source VTT License  
Standard KQML FIPA FIPA FIPA 
Mobile/Stationary Stationary Stationary/Mobile Stationary/Mobile Stationary/Mobile 
Support agent that built 
in another tools 

No No Yes Yes 

Agent communication 
language 

KQML/FIPA-ACL KQML FIPA-ACL FIPA-ACL 

Support TCP/IP Yes  Yes Yes Yes 
Support JESS Yes No Yes Yes 
Support Design Yes  Yes No Yes 
Reasoning/Intelligence BDI/Rule based, 

Provided by JESS 
BDI/Rule based, 
operator precedence 
grammar 

BDI/Rule based, 
Provided by JESS 

BDI/Neural Network 
and Rule based 

OS functionality 
(W=Windows, L=Linux, 
U=Unix / F=Fair, 
G=Good, V=Very Good) 

W/G, L/F, U/F W/F, L/V, U/G W/G, L/G, U/G W/G, L/V, U/V 

Installation packet size / 
installed application size 

16 MB / 71.8 MB 1.5 + 1.9 + 0.5 MB / 
7 MB 

5.8 MB / 19.9 MB Client 100KB, ADK 
3.7MB /310KB, 
5.2MB 

Storage Allocation Agent Generator+ 
Editor/Visualiser + 
Facilitator + 
NameServer = 
~10MB + ~8MB/ 
~14.5MB + ~9MB + 
~7.5MB (with JVM)

AMS + DF + One 
Agent (with JVM) = 
~15MB + ~15MB + 
~15MB 

RMA + DF + AMS 
+ One Agent = 
~24MB (with JVM) 
+ 0.5MB + 0.5MB + 
0.5 MB  

Genie Platform + 
One Agent = ~10MB 
(with JVM) + 0.3 
MB (~8MB with 
remote JVM and ~24 
MB with ADK)  

Stability Unstable Stable RMA GUI is a very 
unstable, Container 
stable 

Stable 

Features +++ + +++ + (With ADK) 
Operates in AgentCities No No Yes Yes 



 36

Table 2. Comparison between agent systems 

Product Name  FIPA-OS v.2.1.0 JACK beta v.4.0 OAA v. 2.2.0 
Implementation language Java Java C, C++, Prolog, Perl, 

Lisp, Java, WebL 
Availability / Licensing Open Source Evaluation Evaluation 
Standard FIPA - OAA 
Mobile/Stationary Stationary/Mobile Stationary Stationary/Mobile 
Support agent that built in 
another tools 

Yes No No 

Agent communication language FIPA-ACL JACK Agent Language Interagent 
Communication Language 
(ICL) 

Support TCP/IP Yes  Yes Yes 
Support JESS No No No 
Support Design Yes  Yes Yes 
Reasoning/Intelligence BDI/Rule based BDI/RB plans (Java)  BDI/Rule based 
OS functionality (W=Windows, 
L=Linux, U=Unix / F=Fair, 
G=Good, V=Very Good) 

W/V, L/V, U/G W/G, L/G, U/G W/F, L/G, U/G 

Installation packet size / installed 
application size 

5.38 MB / 20 MB 12.9 MB / 26.9 MB 11.2 MB / 32.2 MB 

Storage Allocation FIPA-OS (Local 
platform)+Agent Loader 
+ AMS+DF+ One Agent 
=~10MB+ ~21MB + 
~0.2MB + ~0.3MB + 
~0.5MB 

JACK Developer / One 
Agent (with JVM) = 
~48MB/~10MB 

Facilitator+OAA2 
Console (StartIt with 
JVM) + One Agent (e.g. 
Debug agent with JVM) = 
~2MB + ~18MB + 15MB 

Stability Stable Stable Unstable 
Features ++ ++ +++ 
Operates in AgentCities Yes No No 

Summary of agent system comparison (tables 1 and 2). The main purpose of GAA is to 
profile users and services. It is targeted at international markets for business needs. We 
are looking for mobile and autonomous applications with several intelligent features like 
autonomous learning methods. The pure Genie agent platform was not a high-tech 
achievement (only a test bed for autonomous agents), whereas Genie Agent Architecture 
is. GAP (Genie Agent Platform) is nowadays replaced with intelligent SmartAgent 
platform.  

The original agent system ZEUS is out of date. The last version 1.2.1 was released on 
23 May 2001. ZEUS is nowadays embedded in JADE agent system. ZEUS was one of 
the agent systems referred by Genie group. There were excellent visualization tools. The 
platform was quite a normal FIPA based system like GAP (Genie Agent Platform). The 
ZEUS specification mentioned intelligent agents. Their so-called intelligence meant rule-
based agents. An agent was as intelligent as a rule writer or actually more unintelligent. It 
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is difficult to model intelligent agent behavior capable of learning new things with a rule-
based system. 

The April Agent Platform (AAP) is a FIPA-compliant agent platform designed to be a 
lightweight and powerful solution for developing agent-based systems. It provides many 
features to accelerate the development and deployment of agents and agent platforms. 
The AAP system is out of date, too. The latest version 0.9.0 as released on 25 September 
2002. 

JADE, Java Agent Development Framework, still continues agent-based architectures 
research and development work. It is a really good thing, because it is an open source 
platform for peer-to-peer agent-based applications and aimed at both research institutes 
and industrial companies. The only significant problem, from the industrial point of view, 
is that the system is too heavy for intelligent application which is based on neural 
networks as in our case. It is absolutely too slow and inflexible for us. Communication 
architecture must be based on faster implementation languages than Java. We have to 
calculate large information (SOM clustering, calculation of square distances, online 
calculation for input sets, etc.) sets so communication itself must be rapid. There are, 
however, many good ideas presented in the JADE system which we can utilize like agent 
containers.  

FIPA-OS is a component-based toolkit enabling rapid development of FIPA compliant 
agents. FIPA-OS supports the majority of the FIPA Experimental specifications and is 
being continuously improved as a managed Open Source community project, making it 
an ideal choice for any FIPA compliant agent development activity. FIPA-OS was first 
released in August 1999 as the first publicly available, royalty-free (for commercial and 
academic use) implementation of FIPA technology.  

FIPA-OS is implemented in 100% pure Java. Two types of FIPA-OS are available: 
Standard FIPA-OS and MicroFIPA-OS 

JACK provides the tools required to develop autonomous software systems that are 
both goal-directed and reactive. Commercially deployed worldwide, JACK-based 
systems are built from distributed reasoning entities that cooperate to achieve their goals. 
The JACK Agent Language is built on top of Java. This is a not good idea considering 
the common standard agent communication language represented e.g. by FIPA. Common 
goals are difficult to achieve without common understanding. They also use intelligent 
agents concept without real intelligence. Their agents are not capable of learning new 
things without a rule writer or sequences between agents designed beforehand. Agents 
live as designers want theirs to live.  

The last version of Open Agent Architecture (OAA) was released on December 10, 
2003. This means that development is finished. OAA is a framework for integrating a 
community of heterogeneous software agents in a distributed environment. It was very 
unstable and too heavy. Communication between agents was based on Interagent 
Communication Language (ICL), which is quite unknown (no standards). 

The situation of other agent systems is more complex. A system with many of the 
same features as Genie was Grasshopper. It was a Java-based mobile intelligent agent 
platform. The biggest problem was intelligence without learning capabilities, no 
reference to neural networks. There was no mention at all of intelligent features in the 
specifications. The latest version came out on 29. January 2003. 
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2.12  Test cases of the GAA 

The main purpose of GAA test cases was functionality, stability and reliability testing. At 
the first stage the tests were mainly performed using the calendar application (presented 
in Chapter 3), which is a multifunctional but sufficiently complex test application for our 
agent architecture. There mainly the interaction and operation of the modules and 
components in the system were tested. This concrete example has widened the view from 
the decentralized software architecture through the agent technology. It has been noticed 
that there is no communication method which meets the demanding requirements set by 
industry. 

Ontology is the second problem. Obviously, the only way to solve the problems in the 
area of ontology is to create a method for self-learning, a self-organized model. 
Considerably more advanced versions than the present ontologies are obtainable from 
‘dynamic ontologies’, which do not organize or learn for themselves at all. Attention was 
paid to investigating the use of SOM nets arranged in layers. This means mainly the use 
of different types of layered SOM network models employing filters that act according to 
the information content and quality. In the Genie scenario specialized nets will be 
established responsible for certain tasks. This has been a laborious solution, but 
preliminary results suggest that it is a functional one. 

The second test method was the AgentCities test bench [49]. This has been a fairly 
versatile test case, even though only the simple Ping agent is operating at the moment. 
The notion is extremely good, however, and promotes software development, particularly 
between separate organizations, and also compatibility. These two test methods have 
proved sufficient at this stage. 

A man-to-machine method will be included in the tests, in other words, test whether 
the equipment understands the human context. There is certainly a long way to go, and it 
is still quite speculative to talk only about the current language used for communication 
between the agents. It would be more natural to connect a natural language (spoken 
language) to the agent communication language for operation between the 
communication entities. There are many reasons for omitting man-to-machine 
communication from this scenario. 

2.13  The current status of Agentcities and GAA 

The network of Agentcities is meant for several kinds of institutes researching and 
development agent based systems (based on FIPA, Foundation for Intelligent Physical 
Agents). The Agencities network is defined as follows (by the Agentcities Task Force):  

“The network consists of set of software systems (platforms) connected to the 
public Internet. Each of these platforms hosts agent systems capable of 
communicating with the outside world using standard communication mechanisms 
(interaction protocols, agent languages, standard content expressions, domain 
ontologies and standard message transport mechanisms such as HTTP). Each agent 
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is in turn able to provide zero or more services which can be requested and 
accessed by other agents in the network. 

The network is completely open and anybody wishing to deploy a platform, agents 
or services is welcome to do so. All technologies used are based on consensual 
standards such as the Foundation for Intelligent Physical Agents (FIPA) Agent 
standard or the emerging Semantic Web Ontology standard.” 

The platform (Platform Directory) status (downloaded 18 May 2004) is as follows:  

− 179 total registered  
− 27 active (up once in the last 6 weeks)  
− 13 currently up 48.15% (of active platforms)  

The current platform status (downloaded 11 January 2005) is as follows: 

− 177 total registered 
− 17 active (up once in the last 6 weeks)  
− 2 currently up 11.76% (of active platforms) 

This is a very poor result, only 11.76% up. The average from several samples is around 
20%. This inevitably means that motivation for agent-based platforms is sharply down. 
This result was 70-80% some two years ago. Network and system (like server) errors are 
considered in this estimation, because of several samples of network status. These results 
also mean that agent development is coming closer to mobile technology (mobile agent 
systems). The name “agent” has been changed in many cases (like Aglets and Software 
Spots).  

At the moment, no Genie system is working in Agentcities test bed and development 
work ended with heavy communication platforms. A new version of Genie Agent 
Architecture, the SmartAgent product family, is under development. This new system is 
based on autonomous and intelligent software components with the capability to learn 
online from user behaviors (mobile and web contexts) [32].  

2.14  Discussion 

FIPA-ACL has three standard encoding schemes. The first one is a bit-efficient scheme , 
which is meant for wireless environments [50]. The second one is based on ASCII String 
format, which is non-optimal [51]. The third based on XML syntax, which is widely used 
[52]. 

Dr. Heikki Helin researched performance issues between encoding schemes and MTP 
(Message Transport Protocol) performance evaluation [53]. These results are very 
interesting. First, the bit-efficient encoding scheme was fastest method, as well it might 
be. It is targeted at wireless environments so the reason is quite clear. The MTP 
performance evaluation test included the following protocols: IIOP, HTTP, Persistent 
HTTP (PHTTP), WAP (CFW), Java RMI and MAMAv2. In interestingly, Java RMI was 
absolutely the slowest protocol. This method is used, for instance, in Jade and Genie. 
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The agent platform which serves as the micro kernel of the system has a structure 
based on the FIPA specifications, so that the ZEUS agent toolkit can be considered the 
inspiration for Genie Agent Architecture (GAA) [54]. As the research and development 
work proceeded and the special demands increased, a specific Genie Agent Platform 
(GAP) was developed. The most important reason for doing this lay in the requirements 
set by the Ubiquitous Computing environment and test bed for intelligent agents. Genie 
Agent Platform is replaced nowadays with SmartAgent platform. 

The GAA is decentralized architecture which combines applications and services 
transparently wherever and whenever it is required for the user. The first goal in 
developing Genie was not only to combine application and services but also to construct 
a system suitable for the ubiquitous environment. The purpose of Ubiquitous Computing 
is to integrate the computer as an invisible but effective part of our everyday life. A key 
challenge yet to be met was to develop a software architecture for Ubiquitous Computing 
(UC) environment and solve incompatibility problems of the software systems. Therefore 
the Genie agent architecture had to be modular, decentralized, portable and independent 
of the equipment and operating system. 

The second goal was to find new added intelligence methods for software agents in 
distributed and mobile environment. These methods are presented via a reasoning system 
(Fig. 5.) consisting of a rule base and a neural network system. The software agents 
collect information from different sources (web, databases, users, other software agents 
and the environment). Value added information is generated for the input vectors. After 
that, maps are taught (by SOM patch training) with these input vectors. Then information 
is clustered for users or agents. Using maps (personalization or matching cases) is quite 
simple; input forms are filled by users (automatically or manually) or user agents. Input 
vectors are formed again and sent to a certain map. The map gives several outputs which 
are passed through specific algorithms. This information is passed to an intelligent agent. 
This means that an intelligent agent is taught randomly depending on the service or new 
information. 

Furthermore, the Genie Agent Architecture supports representing application related 
knowledge explicitly. This allows the utilization of the same general components in many 
different applications. Common methods have been used for exchanging the explicitly 
represented knowledge which also facilitates decomposing the system into independent 
components with clear interfaces. This in turn allows the building of the UC gradually by 
a large community over a long period of time. 
 



3 Calendar application 

3.1  Introduction 

The application described here is one in which the GAA presents to users with personal 
and group calendars in the form of Web pages. The users can browse, insert and delete 
meetings through the Web-based user interface, and the Genie system itself reasons 
whether a meeting proposal can be accepted. It sends enquiries and notifications to the 
users by e-mail, and they can reply to the notifications by e-mail. All these actions can be 
handled via a web browser, too. 

This was chosen as the first application to be implemented because calendars are so 
essential in our everyday lives, so that a system capable of managing calendars on behalf 
of a user will be useful even if this is its only functionality. Furthermore, such a system is 
a good start for a system intended to manage all kinds of services related to the allocation 
of the user’s time. Finally, the purpose of the calendar application lay mainly in the 
validation and testing of our agent architecture. Testing was also carried out through the 
AgentCities organization, in which our agent platform was being tested at the time of 
writing [49].  

The Calendar application is one test method for the whole Genie Agent Architecture. It 
is a multifunctional service for a multi-agent system. All important gateways are tested 
via Calendar appointments like meeting reservations, resource demands, place and time 
requirements, natural and agent communication languages, group work of agents (clan 
consideration = a common goal is achieved by group work), and so on. The calendar 
offers web use and console use (normal web calendar, client site calendar in mobile 
terminal and common synchronized calendar between these alternatives). It also makes it 
possible to test functionalities over the different protocols like SMS, MMS, SMTP, etc. 
The most important reason is that all humans know it and can use it without extra 
learning. 
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3.2  Function of the calendar 

In this application each user has a personal calendar which displays information about 
meetings. A user can be allocated to membership of various groups, e.g. project or hobby 
groups, after which he is allowed to use the relevant group calendars. In a group calendar 
the user sees a summary of all the group members’ appointments, but for reasons of 
personal data security the appointment list is shown only with color codes, red indicating 
a reserved time, orange a proposal for a meeting and green free time. There is also a 
feature of prioritization between users according to their importance in the group, in 
which the group manager naturally has the highest priority and trainees have the lowest. 
In a hobby group all the members can have the same priority. 

The Genie system processes meeting proposals as follows. When a new meeting is 
created in the group calendar (presented on a Web page), the calendar moves the status of 
that event from Available to Proposal. The group calendar inquires from all the 
participants’ calendars whether the time is available. If any participant has an overlapping 
meeting with a higher priority, his calendar will ask him (by e-mail) whether he wishes to 
accept the new proposal for a meeting. If he accepts it, or if the overlapping meeting has 
a lower priority, the participant’s calendar will send a personal cancellation to the 
convenor of the overlapping meeting. 

If the set of participants accepting the proposal for a meeting fulfils the conditions, the 
group calendar will change the event status to Confirmed and the convenor will be 
notified about this confirmation by an e-mail. A message will also be sent to an external 
service to arrange a room for the meeting. If the conditions are not fulfilled, the meeting 
status is changed to Available and a cancellation message is sent to all user calendars.  

It should be noted that in the process described above, canceling a previously accepted 
overlapping meeting could cause the whole meeting to be cancelled, if the conditions for 
that meeting are no longer fulfilled. The function of the calendar application is presented 
graphically in Appendix A. 

3.3  Implementation of Calendar Application 

Implementation of the calendar application was based on the simplified Genie 
architecture shown in Fig. 7. Six of the modules presented earlier were used in it. The 
Context Recognition and Data Conversion/Collection modules shown in Fig. 2. were not 
implemented. Concerning the platform, all the modules except the Mobile Agent 
Manager were implemented. 
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Fig. 7. High level architecture of the Calendar Application. 

The function of the calendar is modeled by the data flow diagram. The data flow diagram 
is shown in Fig. 8.  
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Fig. 8. Data flow diagram of the calendar application. 

The system is controlled by the Genie Agent Platform (GAP). This controls the 
communication between agents. It works like an intelligent router and controls system 
specific tasks. It receives the commands from the user and transmits them to the agents or 
to the user interface. The active user agent controls the application and system specific 
tasks, in other words it handles the reasoning process. The agents are presented in the 
diagram above as continuing processes that read data from the SF (Session Frame) and 
receive commands from the platform. The Session Frame is embedded in the GAP. 

The identification agent sends the information received from the user to the database 
agent via the SF, upon which the database agent opens the connection to the database. 
This is an RMI connection, because of the system distribution. The database agent also 
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When the information agent receives the information about the connection, it opens 
the graphical user interface (GUI), represented in the diagram by the GUI operation. The 
information agent is responsible for sending information from the user to the SF about 
inserting, updating and deleting events, after which the database agent is responsible for 
performing the database operations. The web-based user interface was implemented with 
Java Servlet technology, as also was the identification module.  

The Active User Agent (AUA) is working behind the system all the time and takes 
control in situations requiring reasoning. In this application, the intelligent agent (alias 
AUA) makes decisions in order to maintain meeting places and the personal and group 
user calendars. The actual reasoning is performed by the JESS rule engine. When 
reasoning is required, the intelligent agent fetches rules from the database and runs them 
with the rule engine.  

The rules specify the behavior of the calendars, e.g. the conditions for accepting a 
meeting proposal and the rights of different group members to modify the group calendar. 
It can be required, for example, that the project leader should always be involved, 
together with at least 50% of the other team members. Alternatively, only the group 
leader may have the right to cancel a group meeting. The rules are permanent and cannot 
be altered by the user. 

In the example of processing a proposal for a group meeting, the personal intelligent 
agent acts as follows: First, it receives a FIPA ACL message requesting a group meeting 
from the information agent managing the user interface. Based on the content field of the 
message, the AUA deduces the necessary rule and fetches it from the rule database via the 
database agent. Considering the date of the meeting, the AUA then deduces the suitability 
of the meeting time. If this time is free, the AUA sends information about acceptance of 
the meeting to the database, which updates all the calendars, whereas if the meeting time 
is not suitable, it estimates the priority of the meeting using additional rules. Every user 
has his/her own active user agent implemented with threading. An example FIPA ACL 
messages in calendar application is presented in Fig. 9. 
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Fig. 9. As an example of an outgoing FIPA ACL message from the intelligent agent, the agent 
sends the message below to the database agent when it needs a user’s calendar data. 

The message starts with a communicative act, inform, after which the participants in the 
communication are presented. The sender parameter identifies the sender of the message, 
and receiver the recipient. Ontology denotes the ontology used to give meaning to the 
symbols in the content expression, protocol the interaction protocol employed by the 
sending agent, and conversation-id an expression that is used to identify the ongoing 
sequence of conversation between two agents. The content parameter denotes the content 
of the message. 
Fig. 10 shows a simple query message in which an agent named kos asked for calendar 
information from the database about a user named KAR on 2nd October 2001. The agent 
name is based on the user’s name. Both the kos and database agents are located at 
bar.com. 

(inform
   :sender
      (agent-identifier
         :name IntelligentAgent@bar.com
         :adresses (sequence iiop://nova/com/acc))
   :receiver
      (set (agent-identifier
         :name DatabaseAgent@bar.com
         :adresses (sequence iiop://bar.com)))
   :ontology User_Calendar
   :protocol Request_Interaction_Protocol
   :conversation_id "+parsed.getConversation_id()+"
   :content (register (ams -agent_description
      :name (agent-identifier
         :name IntelligentAgent@bar.com
         :adresses (sequence iiop://nova/com/acc)))
      :date "+qdate+"
      :time "+qtime+"
      :user "+user+")
)
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Fig. 10. A simple query message in the calendar application. 

3.4  Discussion 

The calendar application is not a traditional UbiComp application, nor is it intended to be. 
Its purpose is to illustrate the operation of the Genie system in a simple way. It is 
relatively easy to verify interaction of the different subsystems and of the interface agents 
represented by them with the reservation of calendar times and with different 
transactions. The rule-based state machine solutions are as trivial as possible. In this case 
the most important task, the interaction of systems, is emphasized. In this context the 
systems means the software modules, external systems and resources which are in 
accordance with the architecture. The interaction between internal systems and external 
systems is handled mainly with a two-way communication channel (Bi-directional 
channel). The technologies developed and offered, as the HTTP, SMS, MMS, etc, of the 
third parties are supported by the two-way communication channel. 

The observation of the application intelligence is a second approach in the applications 
and services of the Genie Agent Architecture. It is difficult to figure intelligence by the 
calendar application. It is better to verify intelligence by the learning and intelligent 
solutions where the content of data changes dynamically depending of the context. There 
are not many possibilities at the moment. One possibility is the use of neural networks. 
The pattern of the net should be dynamically alterable according to the parameters. Thus 
the meanings of test data are not so important in this case. Especially in the agent 
ontology this generic feature will be emphasized. Certain concepts may be clustered by 
some probability to the clusters, but how to link certain operations models to these? 
Otherwise, how to link state machines to certain clusters? The dynamic creation of the 
state machines should therefore be possible. In other words, the dynamic generation of 
events should be possible from concepts or else so-called intelligent reasoning loses its 
effect.  

Afterwards we can see that the calendar application was not a sufficient test 
application for GAA. It was too simple regarding intelligence. Better solutions might be 

:sender (agent-identifier
:name informationAgentkos@bar.com)

:receiver (set (agent-identifier

:protocol Request_Interaction_Protocol

(request

:name DatabaseAgent@bar.com))

:content (QueryUserDay :user KAR : date 20011002))

:ontology Query_User_Day
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some kind of automatic order processing like a personal travel assistance system [55]. A 
travel assistance system was developed for ZEUS agent system. The problem is that the 
intelligence of system was developed with a rule-based system so user personalization is 
almost impossible. We cannot recognize clear rules when a human makes travel 
reservations. The first problem for the agent is to known a human’s wishes during the 
journey. Such characteristics must be taught to the system during the journey. Actually 
the system should be self-learning as next chapter will show. 



4 Web intelligence and user personalization 

One goal of the Genie Agent Architecture and DIISA architecture was to find solutions to 
agent intelligence and personalization problems with the assistance of a SOM (Self-
Organizing Map) [20]. SOM was chosen for the following reasons: a) it is based on 
clustering technology so the characteristics of a human were easy and rapid to classify for 
applications (only a couple of neurons must go through so it improves the performance of 
the application), b) there is automated personalization and self-learning algorithms, c) we 
had much good experience of using SOM for human matching and personalization and d) 
compatibility with WEBSOM [32,48]. The intelligent user agents (or web agents) of the 
Genie architecture (nowadays SmartAgent) will in the future act as a web portal for the 
user. In this sense the method will be a form of human-computer interaction. The 
personalization of the users was implemented with ANN (Artificial Neural Network) 
technology, while the agent technology was based on the SmartAgent architecture, so that 
users are served through personal user agents which have been taught by means of neural 
networks on the basis of web behavior and text messages (Short Message Service) 
[33,34]. The user agent (or information agent) will follow the user to all the sites to which 
he switches when proceeding from one link to another, and the user interface of the portal 
will adapt dynamically to the user's needs, to provide dynamic user interfaces. 

Web intelligence and user personalization using neural networks and agent technology 
combination is a quite new trend. Mr. Instone has published an information architecture 
perspective on personalization [56]. Mr. Instone processes an information framework for 
personalization like user and content profiles and personalization rules. Second, one 
interesting related piece of work on personalization is “personalizing the user experience 
on ibm.com” [57]. The authors describe the results of an effort to first understand the 
value of personalizing a website and then a strategy for introducing personalization to the 
ibm.com website (case study). Their proposal for personalizing ibm.com consists of a set 
of 12 personalization features, selected for the value they offer to customers and to the 
business. 
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4.1  User personalization methods  

User information for personalization purposes can be collected in three ways in this 
system: I) with registration of the user, II) without registration and III) a combination of 
these two (parallel use). The last alternative is not presented here because it is quite 
obvious. The idea is to use SOM in all cases. 

1. Case with user registration 

The user must be recognized each time upon accessing the service. The user 
information is stored in a personal database. A user registering for the service is asked 
to complete a form containing questions like: age, sex, occupation, residence and 
hobbies. Views on the information that is essential for personalization are case-
specific, but it is possible to achieve good results with only this kind of basic 
information and at the same time bring the services closer to the user’s needs and 
desires. The basic information form can be partly or completely optional, and it is 
clear that an optional form will lower the threshold for registration, and since there 
may be missing values in a Self-Organized Map, an incomplete form is not a problem 
[58]. On the other hand, the correctness of the personalization can be improved by 
means of additional questions. This is particularly useful regarding certain target 
features or applications. If an advertiser wants to focus upon a certain target group, for 
example, this can be arranged by means of an extra question. In this case the SOM 
network is trained with the test set before the personalization phase. The test set 
consists of click stream information (about 200,000 web sessions) on more than 
100,000 web users.  

2. Case without user registration 

This method is used when users cannot register, it is not possible to recognize the user 
or the storing of data is impracticable. The situation requires the information to be 
stored once, or else a second way is to build up a self-learning system [32]. The 
information is collected from the click stream data when the user accesses the service 
(no authentication). It is quite easy to follow the user position from the click stream. 
The user (or actually the user’s machine) is recognized (when we are talking about the 
same session) based on an IP address. It is not necessary to know who the user is, only 
that the same machine is used until the session begins. It is also possible in this case to 
put an extra question to the user. Information about users and how to move about on 
the pages is stored only for the duration of one session. After that it is no longer 
relevant. It is not necessary to know the time of a session; only the count of click 
streams per session (normally more than 20) is important. The profile is valid only for 
the duration of a session. 

4.2  Processing of the information 

The real information handling can be done in two ways (in this context). In the first case, 
if the information has been collected before, the traditional method can be used, which 
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means use of the basic features of a self-organized map (SOM). The second way, 
construction of a self-learning system, must be employed if no old information is 
available or if the information is requested on line from the user (new additional 
questions).  

4.2.1  Traditional method 

Before the teaching of maps, the user information that has been collected must be 
converted into numerical format. Being in the form of class variables, it can be converted 
and scaled to numerical values between 0 and 1. The size of the map in the teaching 
phase, the teaching parameters and the number of teaching rounds will depend on the 
data used. As the collected information is available at the stage of initialization of the 
maps, it is reasonable to use linear initialization, especially when a batch algorithm is 
used. If there is a lot of information in the teaching phase, a batch algorithm will speed up 
the whole processing stage. 

4.2.2  Self-learning method 

For the basic algorithms of a SOM, the input vectors can be entered by software agents, 
so that we can construct a system in which the input vectors are entered in the course of a 
long process. In that case, the map can be taught as the information is collected from the 
users and/or the environment. There is no need to store information concerning users 
after every teaching round, since, on account of some information being unavailable, 
totally random initialization of the map is used. 

4.3  Analyzing the maps 

A trained map can be divided among user groups either using classifying algorithms, e.g. 
K-means, or manually, using u-matrix and component levels. Probabilities of web page 
requests can be calculated for given user groups, and it is possible to survey the concerns 
of certain groups. If web page requests made by users are used in the teaching phase, the 
concerns of user groups can be estimated by studying their page requests (assets part) 
within the neuron’s pattern vectors (those that belong to the given class). Changes 
concerning users can be examined by following the movements of users between map 
neurons. In other words, this means path tracking between neurons. 

4.4  How an intelligent web agent works 

When a user logs in to a service (only in the case of user registration), the user interface 
agent, or simply the user agent, will send an inquiry to the intelligent web agent 
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(personalization agent), asking, “what is the user group which user X represents”? The 
user information is retrieved from the personal database by reference to a user code. The 
user code is meant to identify the user. The user agent transmits the information which is 
needed for personalization in the same message, and an intelligent agent forms the vector 
from user data and retrieves the neuron which best characterizes the context from the 
self-organized map. Depending on the personalization case, the action taken after that 
may vary slightly. If the user agent only wants to know what the correct user group is and 
can perform the reasoning itself (e.g. with a rule base), the intelligent web agent will 
return only the number of the neuron which best characterizes the profile of the user. If 
the user’s web behavior is used like this in the teaching phase, the user agent can request 
information about objects of interest to the user from the intelligent web agent. In that 
case, the intelligent web agent returns the part of the neuron pattern vector which 
corresponds to the web behavior. A sequence diagram of this process is presented in 
Fig. 11. 

Fig. 11. High-level sequence diagram of an intelligent web agent and personalization. 

4.4.1  Co-operation between the rule engine, neural networks and 
intelligent agents 

The information flow between the rule engine, neural networks and an intelligent agent is 
presented in the following diagram (Fig. 12). The information agents collect information 
from databases and from the web (and in some cases from users, too) and learn the neural 
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network by means of given service or application-specific input vectors. These input 
vectors are formed from questions or question patterns (forms) with a rule base selector. 
The neural network works as a continuous process in this case, which means that the 
agents learn it autonomously. The learning phase normally takes place outside the rush 
hour and on a standalone server. The neural network module generates several outputs 
from the input data, and these are placed in certain clusters or neurons. The rule base 
selects the best output depending on each special application or service case (e.g. 
depending on the user context). This reasoning phase is imported to the software agent, 
so that it has some intelligence after this process. The neural network module is like an 
educational institute for software agents. An intelligent agent can also use historically-
based decisions in the problem-solving phase. 

Fig. 12. Principle of SOM and rule based reasoning system with question patterns. 
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4.5  Test results of an intelligent agent 

An intelligent web agent is tested based on unit tests with Ant, and test cases are 
performed in accordance with the following sequence diagram (see Fig. 11) [59]. The 
client in the diagram refers to an agent that is using personalization of user services. The 
agent interface is not directly visible, as it is encapsulated in the AgentComm class. The 
result of an intelligent web agent is a neural network decision. In this case the decision or 
output consists of personalization data. All results are stored in the database for further 
processing (e.g. learning of a neural network) and for the next sessions. 

In the first phase the system tries to provide a framework for enabling different user 
personalization scenarios. Client agents can ask the system for information about a given 
user, and the system itself does the groundwork of making the appropriate database 
queries and matching the user against existing neural networks (e.g. females and males 
net). The user personalization system is independent of the agent platform as far as 
possible, although on the other hand it relies heavily on database connectivity, since all 
the data used in personalization are stored in a database.  

4.6  Advantages of agent/neural network combination  
and conventional ANN system 

The following table (table 3) presents the advantages of agent/neural network 
combination and conventional ANN system (without agent technology). There are also 
disadvantages in the agent/neural network combination; these are listed end of the table 
(with italic letter). 

Table 3. Comparison between agent/neural network combination and conventional ANN 
system. 

Agent/neural network combination Conventional ann system 
Automated collection of information and processing  Several personal resources involved in collection and 

processing of the information  
Proven continuous learning from new information Learning as much as the person processing the 

information 
No human errors Human errors occur 
Processing done continuously without users Limited number of information sources and processing 

resources 
Unlimited number of information sources and 
processing resources 

Long processing period, if quality results 

Slow in practise, because agent communication delays 
the whole process 

No communication delays 

Automated decentralization of calculation => security 
problems 

No serious security problems  
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4.7  Discussion 

Intelligent agent architecture opens up new opportunities for moving between 
applications and service development suffering from separate standards and protocols, 
and is thus a very significant research result. It is also possible to create new rules 
dynamically on the basis of reasoning systems used by intelligent agents.  

Content production has received even more attention in the applications and services. 
It makes sense to develop software architecture which is also based on the concept of 
content production, its main purpose should be the managing and controlling of the data 
flow in the infrastructures of different industries and communication between software 
systems. The software of parent companies and daughter companies is usually extremely 
heterogeneous, in which case integration or communication between them is practically 
impossible. Integration is not necessarily required, in fact, if the systems are made to 
understand each other through software agents. Interface and/or wrapper agents are 
embedded in every software system in order to take care of communication with other 
systems. The second problem is the flood of information to services. Thus the one 
purpose of this architecture is to co-ordinate and to combine services and to form them 
into comprehensive, useful packages for the users who need them. This means that the 
services can be customized for users according to their situations and needs. 

The intelligent user agents of the Genie architecture (nowadays SmartAgent) act as a 
web portal for the user. The profiling of the user has been implemented with ANN 
technology (SmartAgent platform), while the agent technology is based on the Genie 
Agent Architecture, so that users are served through personal user agents which have 
been taught by means of neural networks on the basis of web behavior and text messages 
(Short Message Service). The user agent will follow the user to all the sites to which he 
switches when proceeding from one link to another, and the user interface of the portal 
will adapt dynamically to the user's needs, to provide dynamic user interfaces. 

SmartAgent - Intelligent Service Platform, utilises online learning methods, user 
personalization and different kind of profiling methods effectively. These methods will be 
used in several areas in the future, as in fault diagnosis, the field of health, forecasting 
services (already utilized) and entertainment services (already utilized).  

 



5 Matrix Architecture DIISA 

5.1  Introduction 

Distributed calculation has been given a significant role in the neural network-based 
application software on account of its efficiency and user-friendliness. It is not reasonable 
to develop a system in which the user needs to wait too long for feedback from the 
application. An attempt must therefore be made to decentralize the calculation 
transparently around the net (so that the user will not notice it). At the same time the 
Internet system, which utilizes an ‘artificial intelligence mechanism’ - a kind of decision-
making process - must be optimized for a large number of users. It is of primary 
importance to pay attention to the numbers of simultaneous users during rush hours - in 
other words load peaks. These will usually be concentrated in the period when the service 
is advertised through the mass media (e.g., television). The kernel of the decentralized 
architecture usually concentrates around the database system. Particularly in an 
international cross-media concept, this is the most important part of the whole 
architecture. One must therefore begin with similar planning, usually starting out from 
the database system.  

The system architecture of the SeOikea Intelligent Dating Service is based on global 
distributed matrix architecture DIISA. The aim was to combine agent architecture, 
information system (distributed database system) and neural nets with Internet 
Technology because of distributed calculation. The Dating Service is only a part of the 
whole global architecture (Fig 13). Therefore, in this thesis only issues that are important 
for our customers (local service providers) and third parties (e.g., Tele operators) are 
described. The hardware architecture is not presented in detail because DIISA software 
architecture works in all platforms and all four software versions are built on different 
hardware systems (like SUN Enterprise 450 with two 450 MHz Sparc II processors and 
HP Rx2600 with one 64 bit 900 MHz Intel Itanium processor) and operating systems 
(Solaris 8, Windows, Red Hat Linux and Debian). 
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Fig. 13. High-level architecture of the service platform. 

In the matrix architecture, the applications are divided by rows and areas (e.g. target 
countries, where applications or services is used) by columns. The solution of the matrix 
architecture offers flexible configuration of applications and services for different needs. 
It also offers the option to make slightly different configurations for other platforms 
located in different countries (e.g. different matching or personalization methods 
depending on local application like TheOne in the above figure). Modules (in Fig. 13 and 
Fig. 14) are presented more specifically in the following chapters. 
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Fig. 14. Illustration of the high-level architecture of the Decentralized Intelligent Internet 
Software Architecture (DIISA). 
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5.2.1  Application/Service Modules 

The most significant point of the whole system concerns the applications and services 
that are connected to it. The applications are modules that, either alone or together with 
other applications, form the thinking for the whole cross-media concept of the 
comprehensive solution. Every application forms some kind of solution for the end users. 
However, a highly generic solution is aimed for with the applications, in which case 
duplicating is possible and tailoring work remains minimal. One reference is a dating 
service in which the Norwegian and Finnish versions (www.seoikea.com and 
www.cyou.tv) are quite country-specific concerning their graphical content and 
operational usage but practically identical in their technology solution. Due to the 
different SMS technologies used in Finland and Norway the SMS Gateway is set up 
differently (different logic and protocols) in the two services. This shows that the 
architecture of the system is very flexible. The modular database system serves as the 
kernel of the flexible architecture in several cases, such as in this case. In order for the 
database solution to be dynamic and support the applications, the adaptable share of 
maintenance and control remains minimal.  

We can divide the applications in this context depending on their ways of functioning 
and on the interaction between the users and the active and passive applications. The 
applications will be passive if the user mainly controls the operation of the application, 
but active if the user's arrangements have a minimal effect on the final result of a task 
from the point of view of the solution. In other words, the control of the task is handled 
by an autonomous software component. They are defined as ‘software agents’ in this 
context, because the autonomous software components presented here operate in general 
terms as agents [18]. Actually, the intelligent dating service TheOne belongs to both the 
passive and the active group. At the registration stage and at the stage of creating their 
own profile, the users will be active and the software mainly passive, but once the 
information has been recorded, the users become passive and the software system active. 
The ‘agents’ try to provide their service by several separate methods (such as SMS 
messages). 

5.2.2  Intelligent Software Manager 

The application specific items in the system are managed with this module, which also 
takes care of communication between the separate modules and the layers. It also 
determines the interfaces between the services and the applications. This mainly means a 
comprehensive function for the integration of solutions of different types. The 
applications and services may differ markedly from each other; in other words, the 
content is not significant from the perspective of this module but rather communication 
between them. A definition adapter or wrapper module can be used effectively. The 
interfaces consist mainly of native interfaces (such as JNI, Java Native Interface) from 
internal interface functions: RMI, JDBC, SMS, WEB-interface or combinations of these. 
The communication between web applications and the neural network applications is in 
practice handled via native interfaces.  
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5.2.2.1  Information module 

An information module mainly handles the information flow between the applications 
and the information system. At this stage, it will not intervene in the content of the 
information, only if this is of significance from the perspective of the routing and 
semantics of the information. The information module works as an intelligent router. It 
will take care of the compensation of a resource allocation and load, which are related to 
the information service. Part of the implementation of the information service is 
unfinished, but its main tasks concerning TheOne service have been carried out. 

5.2.2.2  Communication module 

The communication module consists of two components: SMS and WEB components. 
The WEB classes (implemented by Java) are based on Java Servlet technology and Java 
Server Pages (JSP). Part of the SMS system is also handled via Java Servlets 
(telecommunication operator specific interfaces and some business logic classes). The 
SMS system supports two methods for sending and receiving SMS messages: the text-
based YAP protocol and the Java Servlet based system (over HTTP protocol) [41,60]. 
Messages are sent and received by the YAP protocol using the text-based system. The 
HTTP protocol-based system acts as a connection between SMS GW (Gateway) and the 
service provider (The Company). 

5.2.2.3  Management module 

The management module handles control, maintenance and configuration information 
belonging to DIISA or the application/services, and is thus a service and application-
specific module. Management issues can be handled either locally or remotely. There are 
also commercial solutions for this purpose, but they do not cover the totality that is 
required in this architecture. On the other hand, they are usually too valuable with respect 
to their tasks. We can say that the administration of this system is like using a 
development kit that consists of different tools for use by the system supervisor, 
administrator, an indirect customer (for example a TV company) or even an end user. All 
the tools operate on the web, so that the tasks can be taken care of independently of 
location. Some of the management, follow-up and configuration tasks can be managed 
with the help of a mobile terminal with SMS messages (also on the web browser, of 
course). This module is developed continuously according to the customers' wishes, the 
most important criteria being use-friendliness and interactivity. 

5.2.3  Reasoning Services 

The reasoning system, illustrated in Figure 2, consists of two main modules that operate 
independently, in separate environments, and have been divided into several submodules. 
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Its task, as its name suggests, is to function as the intellectual part of the system, 
producing solutions to the varies problems. The neural network system probably needs to 
be built application-specifically.  

Fig. 15. Illustration of the Artificial Intelligent System of DIISA. 
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used in the actual application software (depicted as SOM modules in Fig. 15) to calculate 
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5.2.3.1  Principle of SeOikea SOM modules 

A SOM with one hundred cells (i.e., a 10x10 net with the individual cells numbered from 
1 to 100) is currently in use in the dating service SeOikea (see Fig. 16). This principle of 
division of cells is based on experimental values during the phase of development and 
tests. Each user’s data vector is classified on the basis of the SOM reference vectors, as a 
result of which the cell to be used at a later stage is stored in the database in relation to 
each person's profile. 

Fig. 16. Principle of SeOikea 10x10 SOM map. 

SeOikea clustering is based on human characteristics. Maps are divided into male and 
female nets, both 10x10. Clusters contain, for instance, the following information: 
Cluster 1 (dark blue area in Fig. 16) might include females who have an academic degree 
and are in working life. The neurons are more specific areas and there is more detailed 
information. For instance, neuron seven in cluster 1 could be the cell that includes 
females who do not smoke and use alcohol 1-2 times in month. In practice, distribution is 
not so simple and smooth because 285 questions or actually parameters determine a 
user’s situation on the map (exactly in a certain neuron). One neuron can include 0-∞ 
persons depending on personal characteristics. Humans with special characteristics are 
usually clustered in the abnormal neurons and matching with him/her is uncommon 
(actually the matching percent is poor and he/she is not in the 20 best users list of 
candidates). For instance, a user who has given inconsistent answers to the database (like 
20 years old and he/she is a Doctor of Technology and he/she has two children). This also 
means that abnormal users who give inconsistent answers can be eliminated from service 
by Self-Organized Map. Naturally the question patterns must be well designed and 
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formulated. Anyway, this kind of limiting is not easy with other systems which are not 
based on characteristies typing or clustering. 

Principle, the Type 1-4 software modules calculate distances between the neurons 
using the reference vectors, i.e. 285 parameters from the user's form which are changed to 
a vector format by a separately parser program, which also checks for possible faulty 
parameter values received from the GUI software. There are eight forms to be filled in by 
the user, from which the form vectors a1, b2, c3, d4, e5, f6, g7 and h8 are obtained. Certain 
parameters are weighted, and the inherent vectors A, B and C are constructed from these. 
A final user ABC vector is formed by combining the inherent vectors A, B and C, and this 
is compared with a reference vector. The result is the location of the user's profile on the 
map. Thus the neurons have been numbered from 1 to 100, and are clearly divided on the 
map according to the people's personalities. The location of the neurons on the map is 
determined according to the parameters given by the user. These Type 1-4 modules are 
described more detail in chapters 5.6.1 , 5.6.2 , 5.6.3  and 5.6.4 .  

The final results are then presented through a graphical web application (or SMS or 
MMS in the future) to the user (see Section 3 for demonstration). A percentage system 
has been developed to make the vector matching data immediately understandable to 
users. The SOM-based calculation and matching is not the main topic here but will be 
reported on in detail elsewhere. 

Training phase of SOM maps is divided into four methods: 1. off-line training with 
user/agent information (user/agent recognized), 2. on-line training without user/agent 
identification information (user/agent not recognized), 3. off-line training without 
user/agent identification information and 4. on-line training with user/agent information. 

1. Off-line training with user or agent information 

This method means training in off-line state when it has no affects on the performance 
of the service. Training happens on a background server with a huge amount of data. 
All collected (completed forms) data is used with training. This method takes several 
hours depending on the power of the server. 

2. On-line training without user or agent identification information 

In this case a network is trained with online user/agent information without early 
knowledge of user or agent sessions. There is minimum information from users or 
agent available for the training phase. This also means that no user or agent has logged 
in to service and it is not authorized. Personalization or matching is based on current 
on-line information. 

_________________________ 
 
1 Appearance and physical condition 
2 Hobbies and free time 
3 Education and work 
4 Personal values and way of life 
5 Cultural opinions 
6 Food and clothing 
7 Relationships and sex 
8 Desires for him/her 
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3. Off-line training without user or agent identification information 

Off-line training without user or agent information means a case when the net is 
trained with minimum data without user identification data like user name/password, 
general information (name, address, mobile phone, etc.) and information which is 
related to the user or agent. This method is faster than method one because of the 
shorter input vectors. A user is fitted to certain neuron with Euclidean distance 
(calculated between user or agent characteristics and reference vector) when the map 
is trained.  

4. On-line training with user or agent information 

This method is like method two but the user or agent is recognized so training is based 
on history knowledge and online (new information) knowledge. The network is pre-
trained based on off-line data (full information) and after that it is trained with new 
online information which is collected from online users or agents. This is a very good 
method for new way services like online matching or personalization in TV chat or 
other online services. If you have user traces available (early knowledge of users) the 
network is very reliable and quick. It is also an up-to-date system because of new 
online users or agents. 

5.2.4  Decentralized Information Service 

The global information system will be a decentralized database system in which the 
country-specific modules communicate with the central information platform. In actual 
fact, only web cache modules will be decentralized, not the databases. In the first phase, 
all transactions are aimed at the central database system, which is located in Finland 
(normal case). The databases are installed on different servers, but all of them run on the 
UNIX operating system. 

The database structure (schemas, table spaces, tables, procedures, etc.) is very 
complicated in this context and it is not our aim to describe these features in detail here. 
This structure is generic and compatible between various applications. The system has 
been built to be as generic as possible, observing separate applications and software 
modules. Attention has also been paid to multinational issues in the system (support for 
all countries) and to cultures, and also to the use of different interfaces (support for the 
global SMS message service, among other things). 

5.2.5  End Users 

A key element in this system is to provide a truly mobile service as well as convenient 
payment via the mobile terminal. End users are identified on the basis of an SMS 
message that provides a (unique) user mobile phone number for authentication purposes. 
Users can operate totally anonymously, since real names are replaced with aliases in the 
service. The real identity of a user will therefore be hidden from others all the time. The 
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communication system is based on the internal e-mail function located inside the 
database (consisting of messages, user information, time stamps, etc.), and there are no 
public e-mail servers in use. This completely protects the system from the outside. End 
users can also be informed about supplementary or new services, depending on their 
profile and control statements. The supplementary services are mainly the 
aforementioned autonomous software modules that try to facilitate the use of the service. 
The starting point here is user friendliness, so there is no purpose in intruding on or 
boring the user. The operation is transparent, so that the user is not visibly disturbed by 
supplementary services, but added value is offered in such a manner that the user will be 
likely to react to it in a positive way.  

The system scales up quite well as the number of users increases, because of the 
distribution of calculation to four processors (two in the web and database servers). 

5.2.6  Teleoperator/Content Provider Module 

This module is usually tailored for content providers and is placed on their applications or 
web servers in several cases. It make it possible to handle all content dependent matters 
like word processing, treatment of graphics and sound, videos, etc. This module is like a 
small desktop publishing system. All the necessary information is stored in a database 
with configuration knowledge for certain customers. Treatment of content is done over 
the Internet via web browser. The content provider module makes it possible to configure 
application facilities, too, for instance, control of user agent or SMS messages. Different 
kinds of analysis and follow-up reports also come out from this module. 

5.3  Internal Interfaces 

The user interface (UI) software is largely based on Java technology in versions two and 
three. The basic forms are mainly Java Servlets and pop-up windows JSP pages. There 
are external interfaces to two databases (development and to the production 
environment), to SMS gateways and to the neural network software from the UI software. 
The internal interfaces are in accordance with the architecture (Fig. 13) mainly, the 
communication between the applications is also controlled by the UI.  

The interfaces of the neural network software have been divided into two categories: 
JNI (Java Native Interface) and Unix Command (works only in Unix environment). The 
first is a standard interface, among others, between Java and C language. The interface 
libraries are generated from JNI interface software. These interfaces are used particularly 
in the transactions which take place through the SMS gateway. The other one is the so-
called Unix Command from which C language software can be directly called with the 
help of the Unix Command class. Unix Command interface is used between web software 
(the Internet traffic) and the neural network software. The reason for the separation into 
two parts is the fragmentation of the interfaces in rush hours which has been noticed 
through the usage tests. The traffic is therefore divided into two separate communication 
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channels so they will not disturb each other because of different implementation 
technologies.  

5.4  Database platform 

The database system is based on the Oracle 8i Standard Edition. The global information 
system is a distributed database system in which the country-specific modules 
communicate (so-called replication action) with the central information platform. In the 
first phase, all transactions are directed to the central database system which is located in 
Finland (normal case). 

The structure of the database system consists of three different databases (DB): 
Designer DB, Development DB and Production DB. In consequence of the name, 
Designer DB is suited to the development work of database construction in the 
development environment. Design and development work is managed mainly with the 
Designer development program of Oracle mainly. The development and production 
databases are mainly mirrors of each other. They are situated in different environments 
and networks. The purpose is to verify continuous service and arrange backup from 
information content. Testing with real valid data is very important too, regarding 
development of neural networks and learning among others things.  

The database structure has been developed for global service needs. Some of the tables 
were designed for applications and services together and some for certain specific 
services. Normally, the production database is quite large (depending on the amount of 
service users). A suitable database disk count and size for Oracle database is 4-8 36 GB 
hard disks (with optical fiber connections if possible). When the system is redundant it 
needs 8 disks (with Oracle) and when it is not redundant (no mirror disks), only 4 disks is 
enough. An Oracle database normally requires 3-5 disks because table areas, Redo Log 
files, Control files, Rollback segments and system files are placed on different disks. If a 
database crashes there is not need to install all system files and service specific files (e.g. 
logs and dumps) again because the files are separated to the disks. The size of hard disk 
should be more than 30 GB. These calculations are based on Appendix B, which was 
planned with Oracle Corporation. The international needs are thus observed. The 
generation of new store is very flexible because of the modern hardware platform and 
database system. MySQL database does not have the same disk requirements as Oracle. 
Only 2-4 disks (36 GB) are enough. Naturally, it depends on the amount of users. 
Normally 2 x 36 GB disks are sufficient for one million users in this service. The 
database check information is presented in Appendix B. 

5.5  SMS Software 

The SMS software is divided into two separate software platform and several gateways 
[34]. The software platforms are divided between two countries (Finland and Norway) 
because of different technologies. Finland's SMS platform is http based whereas the 
Norwegian platform is text based. It is based on the YAP protocol of Telenor. The first 



 67

mentioned platform contains three operators' gateways which are linked through Alma 
Media's SMS server. The other contains only one gateway. The platforms contain 
interface software to the operators and the actual business logic with which users are 
served.  

The Norwegian SMS software also contains so-called intelligent user agents serving 
users. The agents are mainly in interaction with the users and they do not have an actual 
communication language. The communication is therefore performed with a natural 
language mainly through with text messages. The ontology has been stored in separate 
tables. There are keywords (like concepts) for the test messages with which the users get 
to see the final result. Some of the messages are automatically generated according to the 
settings of the user profile. The concepts of the so-called ontology table have been linked 
to the separate state machine software which is a part of the business logic software. It is 
so-called ad hoc ontology and is generated manually to the database. Likewise the state 
machine software has been linked manually.  

5.6  Neural Network Software 

The neural network software has also been renewed after the first version (first version 
made 2000). However, the implementation language is still C. The software consists of 
four different software modules at the moment: Type1, Type2, Type3 and Type4 (see 
Fig. 17). The reference vectors, which have been generated with the Matlab software, are 
input data to the Type modules. The Type software reads either the women's net or the 
men's net depending on the case. These intelligent modules perform the calculation from 
which the outputs are moved to either SMS or GUI software. There are interfaces to three 
databases from the neural network software; MEM_DES (MEMORY Designer), 
MEM_DEV (MEMORY Development) and MEM_PROD (MEMORY Production). The 
interface of MEM_DES interface is not used directly from Type modules but mainly from 
the Designer software of Oracle [61]. It is particularly the development software of the 
database structure. There are direct connections to development and production 
databases. The software identifies the databases in question automatically without a 
separate coding of addresses. This means that it does not affect the action of the software 
if there are configurations or additions of the databases.  
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Fig. 17. Structure of the neural network software and external modules. 

5.6.1  Type 1 SOM module 

The Type1 software calculates distances between the neurons with the reference vectors. 
The nearest neuron is chosen for the user (shortest distance to neuron). There are 285 
elements in the reference vectors. The size of the net is 10 x 10, in which case the 
reference vector is 285 x 100 in size. The Type1 software gets its 285 parameters of the 
user's form which are changed into a vector format on a separate parser program. The 
parser program also checks the possible faulty values of the parameter. These parameters 
come from the GUI software. There are eight forms (completed by the user) from which 
the form vectors a, b, c, d, e, f, g and h are formed. Certain parameters are weighted with 
weight factors and the inherent vectors A, B and C are constructed from these weighted 
vectors. A final vector of user ABC is formed combining inherent vectors A, B and C. 
This vector is compared with a reference vector. The vectors are calculated using a 
normal distance calculation equation Dq (1): 
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where i = 1, …, N (N = 285), vI = inherent vector of end user and vR = reference vector. 
The result is the location of the user's profile on the map. Thus the neurons have been 

numbered from 1 to 100. The neurons have been clearly divided on the map according to 
the people's personalities. The location of the neurons on the map is thus determined 
according to the parameters given by the user.  

5.6.2  Type 2 SOM module 

The Type2 software is considerably more complex than the foregoing. First, the partner's 
20 best neurons are sorted to the map of the candidate from which the 20 best (actually 
10+10) partners are separated to the GUI. The sorting is done with Equation 1. When the 
neurons have been sorted according to the distances, the distances between the inherent 
vectors of candidate and partner are calculated from every neuron. The exception is the 
fact that the candidate's eigenvector is translated from the part of the B and C vectors. 
The vector ACB is thus formed for the partner. The certain matching percentages are 
obtained for the persons from the square distance between ABC and ACB vectors. The 
Type2 software calculates four separate matching per cents between the persons and the x 
and y coordinates for the map of the GUI software. The matching percentages are the 
total matching (ABC-ACB), the personality percentage (A-A), his/her to your desires (C-
B), you to his/her desires (B-C). Scaling algorithm and adaptation algorithms have been 
presented with Equations 2, 3 and 4. Equation 2 can be used to solve the percentage of 
the total matching. In Equation 3 personality percentage are calculated and with Equation 
4 the last two percentage values.  

-20.83 * d [i]  159.081 sTOTmp = + , i=1…20, (2) 

where 1pm = total matching per cent, ][id sTOT = square distance of ABC-ACB vectors. 

-21.79 * d [i]  135.042 sAmp = + , i=1…20, (3) 

where 2pm = matching per cent of personality, ][id sA = square distance of A-A vectors. 

-41.67 * d [i]  153.143,4 sBCmp = + , i=1…20, (4) 

where 4,3pm = matching per cent of desires, ][id sBC = square distances of B and C 
vectors. 

Equations (2-4) started from experimental values when testing the service. Hence, 
these algorithms were developed based on design by testing methods and they are fitted 
to a certain culture. The question patterns (forms) change, too, depending on the culture. 
The software returns 20 (first 10 and if necessary others 10) persons’ character strings to 
the calling software in which are the matching percentages (for instance 92.3, 88.1, 89.9, 
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85.4) and location coordinates x and y on the map of the user interface. Location 
coordinates x and y are calculated using Equations 5…111 and 12…12. 

if ( ( )2D [ ] maxA i A> ) ( )2max   D [ ]A A i= , i=1…20, (5) 

where Amax = maximum value of quadratic distance A-A in union A and [ ]D iA = 
distance of A-A vectors (elements 0-250 of vector ACB and ABC). 

if ( 2( [ ]) maxD iabc Dabc> ) 2max   (D [ ])Dabc abc i= , i=1…20, (6) 

where Dabcmax = maximum value of quadratic distance ACB-ABC and [ ]D iabc = 
quadratic distance of ACB-ABC vectors. 

if ( 2( [ ]) minD iabc Dabc< ) 2min   (D [ ])Dabc abc i= , i=1…20, (7) 

where Dabcmin = minimum value of quadratic distance ACB-ABC and [ ]D iabc = 
quadratic distance of ACB-ABC vectors. 

2aα
∏

= , when a=0 (first position of coordinates x and y), (8) 

where aα = Alpha angle of graphics. 

5* *
4 4

xaα
∏ ∏

= − , when x=2…-17 and x≠ 0, (9) 

where aα = Alpha angle of graphics. 

[ ] (( [ ]*185) / max ) 185D i D iA A A= + , i=1…20 (10) 

where Amax = maximum value of quadratic distance A-A in union A and [ ]D iA = 
distance of A-A vectors. 

[ ] (0.7 * ( [ ] min ) /(max min ) 0.3) * cos( )D i D i aA abc Dabc Dabc Dabc α= − − + , 
i=1…20 (11) 

where Dabcmin = minimum value of quadratic distance ACB-ABC, maxDabc = 
maximum value of quadratic distance ACB-ABC, aα = Alpha angle of graphics 
and [ ]D iabc = quadric distance of C-B vectors. 
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if ( ( )2D [ ] maxCB i CB> ) ( )2max   D [ ]CB CB i= , i=1…20, (12) 

where CBmax = maximum value of distance C-B in union CB and ][iDCB = distance of 
C-B vectors. 

[ ] (( [ ]*185) / max ) 185D i D iCB CB CB= + , i=1…20 (13) 

where maxCB = maximum value of distance C-B in union CB and [ ]D iCB =distance of 
C-B vectors. 

[ ] (0.7 * ( [ ] min ) /(max min ) 0.3) *sin( )D i D i aCB abc Dabc Dabc Dabc α= − − + , 
i=1…20 (14) 

where minDabc = minimum value of quadratic distance ACB-ABC, maxDabc = 
maximum value of quadratic distance ACB-ABC, aα = Alpha angle of graphics 
and [ ]D iabc = quadric distance of C-B vectors. 

5.6.3  Type 3 SOM module  

The Type3 software works as Type2 software but calculates matching percentages 
between two persons directly. Then another person can check from his own profile how 
the partner seeking him is placed on his own map. The interface is very multiform, in 
other words calling software can search for several different properties on certain 
parameters of the interface software. These parameters and search combinations have not 
been presented separately here.  

5.6.4  Type 4 SOM module  

The Type4 software is designed for different kinds of small-scale meetings, like rock 
festivals, restaurants and so on. It is directed to smart-scale matches, meaning that a 
certain target area is screened very accurately. Type4 is mainly an extension of the Type3 
software. Technically it resembles Type2 and Type3 software.  

5.7  HW-SW platform requirements 

First and second software (architecture versions 1 and 2) platforms are based on the 
components of Sun Microsystems and Solaris 8 operating system. A third version was 
constructed for Linux Red Hat and a fourth version for Debian Linux and Intel Itanium 
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components. At the same time the software architecture changed from 32 to 64-bit 
architecture with Debian. In neural network modules this meant changes to pointers and 
argument types. The database system also changed from Oracle to MySQL in version 4. 
There are many reasons for this, for instance customer requirements and the price of 
licenses. Content providers are not ready to pay extra if it is possible to save money with 
Open Source systems. Software houses and technology specialists are aware of these 
reasons and support more and more systems like Linux and MySQL. They are reliable 
and stable enough for the industry environment if the architecture is designed 
realistically. It is reasonable to verify systems with others (like duplicate databases, using 
server clusters and RAID systems, etc.).  

Application software is divided into two parts: Internet software and neural network 
software. Internet software is based on Java Server Pages and Java Servlets. Internet SW 
also includes database retrieves. The core software of TheOne Dating Service (the 
‘intelligence’) is based on SOM (Self Organized Map) technology. The appropriate 
SOMs are implemented by C-codes (all translations are made by GCC compiler). Neural 
network modules have changed dramatically between the four software versions. All 
modules are based on the same technology but output algorithms and input vectors have 
changed. Training methods and the automation of data delivery has also changed. Data is 
now entered via software agents. Outputs are also carried out via intelligent agents (user 
agent) to users. The architecture makes possible the same features as earlier but 
noticeably faster. Neural network modules are about five or six times faster when 
versions 1 and 4 are compared. The main reasons for this are new calculation technology 
in matching phase, code optimization and 64-bit architecture. 

5.8  Security 

End users are identified on the basis of an SMS message that provides a (unique) mobile 
phone number for each for authentication purposes. This prevents people from 
impersonating others, e.g. to defraud other users. Service authorizations are handled by 
DBA (Database Administrator), and the logging in procedure is performed via a 
registration page based on Java Servlet technology. A password is encrypted and stored in 
the database, so that when the user logs in the password is verified through a database 
procedure. There are “run procedure” privileges for the registration phase only (no select 
or other privileges), so that the registration phase is well protected. 

The service uses an internal e-mail mechanism which based on the database. This 
means that a user does not need an e-mail address at all but the service will automatically 
allow for sending messages anonymously to other users of the service via nicknames. 
This also means that the users need to log in the service whenever they want to see if 
there is e-mail for them; this will increase the usage of the service, security and produce 
better www-statistics. Incoming and outgoing mails are stored in database tables indexed 
by personal mobile phone number. Needless to say mobile phone numbers are unique so 
messages are private and secure. The messages are not visible to outsiders because they 
are sent by mobile phone (text message) or on the server side from the web server to the 
database server (communication between these servers is not public, they are on intranet) 
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and vice versa. Outsiders cannot therefore trace the telecommunication between these 
parties. 

Both the web and database servers are separated from each other to the different 
networks for security means. The information content is verified because of possible fires 
or other accidents. The production servers are secured with different kinds of firewalls 
and supervisor programs, using SSH (supported by SSH2) protection in servers [47]. 
There is no direct port open to the production servers, outside port 8080 and the gateway 
of Telenor, from the outside at all. The gateway of Telenor is bound to a certain server via 
a firewall so it is a well-controlled port. Connection is possible via the development 
environment with SSH session only. Firewalls and supervisor programs also secure the 
development environment. Connection to the development environment is possible only 
via SSH session. Thus the outside threat of attack is observed well, but one can never be 
absolutely certain when we are working with Internet and mobile services at the same 
time.  

In the fourth version of the software, more attention has been paid to security features. 
For instance, the user codes and password between application software (web software) 
and database are hidden in a “server.xml” file under web server directory (Apache and 
Tomcat). The directory is inaccessible to web users; only an administrator can modify or 
read the file. Service user codes and passwords are encoded with MD5 algorithm to the 
database. The MD5 algorithm is intended for digital signature applications, where a large 
file must be "compressed" in a secure manner before being encrypted with a private 
(secret) key under a public-key cryptosystem such as RSA [62]. 

5.9  Performance and Test cases of SeOikea and DIISA 

The learning of the SOM nets (female and male nets) with data on 11,000 persons takes 
several hours. The machine which performed the learning phase was a Pentium III 
(almost 1 GHz CPU and 512 MB RAM). 

The SOM module performs at quite a low speed when matching candidates, as a result 
of the net size (10x10/sex is a too big a net, as suggested by practical test results) and the 
“Death Valley” phenomenon, which means in this context that the neurons are in a 3D 
space and some of them lie in a valley and some are in a high place (on a mountain), in 
other words they are located on the fringe of the net. Calculating the real distances 
between the neurons is therefore a difficult and slow process.  

Matching took about 20 seconds using version two when the number of users 
(calculation targets) was around 10,000. The machine was a SUN Enterprise 450 with 
two 450 MHz Sparc II processors. Matching with a newer version three was clearly 
better. The actual matching phase took about 2-5 seconds when the number of users was 
more than 15,000. This therefore means that changes for neural network algorithms 
calculation improved the system performance significantly. The performance should be 
much better when the number of users exceeds 10,000. One solution is to use clustered 
computers when neural network calculation is distributed in a very efficient and useful 
way. Cluster PC (also called Beowulf Clusters) builds up linking multiple personal 
computers (or nodes together) via high-speed network adapters to function as a single 
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system [63]. Normally it includes 8, 16, 32, 64, or 128 PCs. Each PC may have several 
(2-4) microprocessors for maximum computing power. 

The service and architecture were tested under loading and system tests. Quality tests 
were made via buyers (content providers) according to their service requirements. The 
loading test included the following main tasks: 

1. Common Task Test 
2. Performance Test 
3. Load Test (requirement specification test) 
4. Volume Test 
5. Stress Test (bottleneck test) 
6. Spike Test 
7. Hammer Test 
8. Reliability Test 
9. Stability Test  
10. Infrastructure Test 
11. Product Validation Test 

The most important loading tests were Hammer Test and Spike Test because of the 
service character. The service must stand up when a huge amount of users log in or use 
parallel critical features like matching. The neural network calculation is quite a massive 
achievement; over ten million arithmetical operations are performed when a database 
includes about 10,000 users. The service was tested with 300 simultaneous users in a 48-
hour sequence. This was a customer requirement. The second customer requirement was 
reliability. It must pass with a test group (almost 1,000 test users in service) for two 
weeks, no crashing allowed. Performance tests are measured when a user clicks the 
matching button and the results are on display in the web browser (client-server-client 
transit delay and server calculation time). In the first version it was about 20 seconds and 
in the third version about 2-5 seconds when 11-15,000 users were registered. 

Tests also included the following system tests; database testing (Oracle and MySQL 
query, reliability, stability, infrastructure, product validation and delay tests), functionality 
testing for service features, business cycle Testing (tested with customer), usability 
testing (tested with customer), performance profiling, fail over/recovery testing and 
security and authentication testing. 

SeOikea is a multinational and multilingual service so the test cases were very 
complex and diverse. They carried out unit, integration, system and loading/performance 
tests among others. In addition there were different kinds of tests for the database.  

The unit tests are divided into web application (based on Java software components), 
artificial intelligence components, SMS gateways, database (SQL, C and Java 
components), glue code components and software agent tests. Each of the components 
contains it own unit test methods and test software. 

 The integration tests were evidently more complex than the above unit tests because 
of decentralized software architecture and different kinds of implementation techniques 
and languages. Testing between web and artificial intelligence modules was especially 
difficult because there was Java Native Interface (JNI). The class loaders of Java virtual 
machines caused many problems with JNI in runtime environment. There were 
compatibility problems in JVM and JNI versions. 
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The system test included the operating sequence from consumer of the service to 
Internet Service Provider (ISP), from ISP to service manufacturer and vice versa. Of 
course this phase was very complex but interesting and expensive too because of the 
traffic of the SMS gateway. There was only one SMS test subscription (Norwegian 
Telenor) on hand when four operator gateways were used. This whole operating sequence 
with real subscription was necessary because of bi-directional traffic and the character of 
the service. 

5.10  Discussion 

The architecture of the matrix was started from real development needs of global 
intelligent and mobile services. Of course it is possible to utilize it in other objects 
because of flexible database structure and software interfaces. The applications and 
services must be joinable to the software platform directly so interaction between 
mechanisms is natural. In several cases, the Internet and mobile software overgrow (one 
big software) and they are meant for specific areas (tailored). At the same time the 
resources are wasted on the narrow sector. The resources are limited so concentration on 
global and decentralized architectures, applications and services is desirable. The aim was 
to combine agent architecture, information system (distributed database system) and 
neural nets with internet technology. The Dating Service is only a part of the whole 
global architecture (Fig. 13). Therefore, in this thesis only issues that are important for 
our customers (local service providers) and third parties (e.g., Tele-operators) are 
described. This architecture is made for intelligent applications and services. 
Conventional software architectures do not offer AI features and software agent 
capabilities for the needed intelligent applications. It also speeds up the development of 
intelligent applications and services, because the core technology and application layer 
are separated from each other by agent communication channels.  

The architecture changed dramatically when comparing versions 1 and the newest 
version 4. All modules are based on the same technology but the output algorithms and 
input vectors were changed. Training methods and automation of data delivery were also 
changed. Data is entered now via software agents. Outputs are also carried out via 
intelligent agents (user agent) to users. These changes also mean that the first version did 
not work completely. The biggest problem was performance. The software architecture 
was too wide and complex. For instance, communication between different modules 
wasted too much processor capacity and memory. Response time was therefore too long 
for customers between matches. One solution was decentralized architecture with a 
control server which delivered tasks to subsystems, like client machines. A second good 
improvement was the further development of neural network modules, especially for 
type2 neural network module. It was absolutely too slow. New results were about 6-7 
times faster than before. Another problem with type2 module was reliability in match 
calculation. We selected the 20 best neurons via a matching control module and 
calculated through all rows (candidates). There were death-valley problems. The best 
candidates were not necessarily situated in these best 20 neurons, so we changed the 
whole principle of calculation and developed new SOM maps (for males and females). 
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Now the system seems to be reliable and efficient. Of course, more capacity is needed 
when user members grow. Nowadays one server handles all customer needs, like 
databases, application server software, logic SW (like core software and SMS business 
SW), neural network SW and agent SW. The whole customer system is thus embedded in 
one server which shares information between similar arrangements. A turnkey solution is 
easier to sell, to install for the customer and to maintain, actually this is a very popular 
and desired method in today’s world. 

We have established (partly based on practical experiences) that SOM is a suitable 
technology for cases of this kind (e.g. intelligent dating services). The first reason is that 
we have to be able to classify people on the basis of their life-styles, characteristics, etc. 
The second reason is that we had many good experiences of using SOM for human 
matching and personalization and compatibility with WEBSOM [48]. The third reason is 
the performance; only the “winner” neurons are notified in the distance calculation of 
characteristics (find the best candidates from a large mass of information). The last 
reason is self-learnability. The architecture is based on Self Organized Map and agent 
technology combination offering new automatic methods. 
 



6 SeOikea Internet Dating Service 

6.1  Introduction 

The first version of the intelligent dating service SeOikea was produced in 2000. The 
neural network modules were implemented by the author. A new version of SeOikea and 
Decentralized International and Intelligent Software Architecture (DIISA) for multimedia 
services and applications was developed by the author in 2001. We also produced a 
Norwegian version, C-you, of the intelligent dating service in 2002. A new version of the 
whole neural network and agent system combination, the DateAgent, was produced 
2003-2004 by the author. This version includes new output algorithms and 
personalization/matching methods. It also includes online learning methods. Now we can 
really call this a combination of neural networks and agent technology for intelligent 
agents.  

In the present information society, we face a vast amount of information from a variety 
of media channels. We are currently much affected by media. It is therefore evident that 
more attention for a particular service would be attained if more than one media channel 
could be effectively used to bring the service to the everyday lives of the customers. 
More spontaneous attention and ease of access would most likely mean more usage of the 
service. Therefore, logical usage of the repertoire of media channels in content 
distribution and marketing provides obvious additional value in the competitive 
international markets. 

SeOikea (TheOne) Internet Dating Service is a new and intelligent way of finding a 
mate. It is based on neural network analysis and has a scientific background while also 
being a highly entertaining service equipped with attractive graphics. The service 
provides full anonymity in all options in the Internet as well as when using the SMS 
(Short Message Service) text messages. The dating service is not an internet service only 
but is designed to form an efficient cross-media concept. Fig. 18 describes the global 
cross-media concept. 
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Fig. 18. SeOikea global cross-media concept. 

The need for cross-media concepts in the entertainment sector will increase greatly in the 
future in response to digital television, fast Internet connections and the increased use of 
mobile phones. The technology adopted in this case enables fast, effective international 
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distribution and control of any appropriate entertainment product. The aim is to operate 
via well-known partners on the Internet and in the media world. Co-operation has been 
established for instance with Cee-TV (Norway, www.c-you.tv) and Alma Media Oyj 
(MTV3 Internet; www.seoikea.com), which are responsible for the marketing of the 
product(s). Thus the company does not market the products and/or services itself but 
relies on a market leader in a corresponding field. International co-operation is 
established in a similar manner [21]. 

6.2  Overview of the Service 

The Internet dating service known as TheOne is a new computer-assisted way of finding 
a mate. It is based on neural network analysis and has a sociological background, while 
also being a highly entertaining service equipped with quality graphics [21]. The service 
provides full anonymity in all options on the Internet and when using SMS messages, 
based on personal mobile phone numbers that are checked at the registration phase. The 
dating service is not only an Internet-service but is designed to form an efficient cross-
media concept. A general page map diagram of TheOne is presented in Fig. 19. 
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Fig. 19. General Page Map Diagram of TheOne. 
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The service contains an Info page with a simple explanation of the neural network 
technology used for the matching and a discussion of the meaning of the percentage 
values given by the matching algorithm. It also has some general statistics about the users 
of the service. The service also contains a Help page, where a simple step-by-step guide 
to its use will be given, together with some FAQs. 

The matching is based on an extensive list of questions (~80) in various fields of life: 
Contact details, General information, Appearance and physical condition, Hobbies and 
free time, Education and work, Personal values and way of life, Cultural opinions, Food 
and clothing, Relationships and sex, and Desires for him/her. The service has an 
automated graphical interface to illustrate the users. The hair type and color, and the types 
of favorite clothing (as indicated in the questionnaire), are automatically taken into 
account when building the character. The users also have many options for changing their 
clothing if they wish (there are different choices for men and women, of course).  

The networks categorize and match the people on the basis of the answers to the 
questions. It is important to remember that it is not only personalities but also mutual 
desires that control the matches given by the neural network analyzes. Percentage 
evaluations are given for the matches, for the total match, the personality match, your 
match to his/her desires and his/her match to your desires. Sample page of TheOne is 
presented in Fig. 10. 

Fig. 20. Some Snapshots Illustrating TheOne Dating Service. 
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6.3  General Aspects 

The matching is based on an extensive list of questions in various fields of life. The 
questions were prepared with an expert in the field. The snapshot form of Hobbies is 
presented in Fig. 21. Forms, which must be completed by users, are numbered from one 
to nine: 

1. Contact Address  
2. Basic Information  
3. Appearance and Physical Condition  
4. Hobbies and Free Time  
5. Studying, Education and Work  
6. Personal Values, Valuation and the Attitude Towards Life  
7. Cultural Opinions, Food and Clothing  
8. Human Relations and Sex  
9. Desires of Him/Her.  

Fig. 21. Example of question form. 

The first form (number 1) is not included in inherent vector which is used in neural 
network. Based on the answers to the questions, the networks categorize and match the 
people. And more importantly, it is not only the match of personalities but also the shared 
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desires that control the matches given by the neural network analyzes. Percentage 
evaluations are given for the matches for the total match, personality match, your match 
for his/her desires and his/her match for your desires. A matching map and the 
aforementioned percentages are presented in Fig. 22. 

Fig. 22. Matching map and fitness percentages of the SeOikea. 

6.3.1  Options Provided for the Users 

The service automatically generates a profile of a person (My Profile / Profile) based on 
the answers to the questionnaire. It also automatically generates image of your profile. A 
user can anytime modify and change his/her profile. This option provides an interesting 
opportunity to experiment and find out how different aspects affect the matches and the 
matching percentages. This can in fact be considered a way to learn about yourself: 'what 
if I were more like this and that - what kind of people would match with me?’ Naturally, 
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one temptation is to change your profile towards the profile of companions. It means that 
it is possible to improve oneself at the expense of the other. Anyway, this service is based 
on honesty and conscience. It is possible to modify an image, too (from ‘clothes-closet’, 
see Fig. 23), which illustrates your appearance as well as possible later. The hair type and 
color as well as the type of favorite clothing (as stated in the questionnaire) are 
automatically taken into account when building the character. The users then have many 
options to change their clothing if they wish (different choices for men and women, of 
course). 

Fig. 23. The Clothes-Closet of SeOikea. 

The three different levels are provided from Personal Profile: normal (no sensitive 
information), extended (some sensitive information) and very open minded (basically all 
information). While a person is viewing a profile of another user, he/she can send an 
(anonymous) e-mail or SMS text message just using the nickname of the other user. This 
e-mail is no a conventional e-mail; it is an internal ‘Heart Mail’ the use of which is based 
on the database. All messages are stored in the database so it is well secured from attacks 
and exploitations by outsiders. This also means that a user does not need an e-mail 
address at all but the service will automatically allow for sending messages anonymously 
to other users of the service via nicknames. As a consequence the users need to log in to 
the service whenever they want to see if there is e-mail for them; this will increase the 
usage of the service and produce better WWW-statistics. An English version is included 
as an option for the user to choose. 
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Various options are given to limit the search according to some ‘black and white’ 
parameters, e.g., country/city, age, height, body figure, type of relationship the user is 
looking for and the color of the hair. An option is provided for the user to re-activate / 
activate / remove his/her profile. 

The service includes several Chat-rooms (e.g., house party, rose garden, the mirror of 
the soul and erotica) where the users can see the facial expressions + the nicknames of 
other users online. Anybody in a chat room can also open the profiles of others in the 
same room and see the matching percentages automatically. Thus it is easier to start 
communication with a person who thinks like you and you know it because the intelligent 
software module helps. 

6.3.2  Charging and Customer Policy 

All the charging in the service is based on SMS messaging. Communication between 
users happens via communication channels, SMS and web. The web communication 
channel must be opened before use by SMS message. After that e-mail messaging 
between two people is possible within the service forever. Use of mobile phone is 
chargeable (like matching and change of profile information). Without paying (only web 
services) the user could do everything else but contact others and participate in the chat, 
i.e., the user does not need to pay anything unless he/she knows what he/she is paying for. 
The use of mobile phones would make paying very easy and also allow for the use of 
small amounts of money at a time. The price of an SMS message is country-specific and 
costs on average 0.86 € per message in Finland. This policy should be positive for the 
users (since they will know before paying what they will get for the money spent) and, in 
fact, also increase the amount of money people spend on the service. An option to send 
SMS text messages from one nickname to another (i.e., a mobile anonymous chat 
service) is also being provided. The technique is configured so that the SMS messaging 
also automatically works between different countries. 

Additional neural networks are provided for limited sections, for example, 
relationships and sex, cultural opinions, food, hobbies and free time. These sectional 
networks can be used to give additional value to the radio and television programs and to 
be obtained by an extra SMS text message. 

6.4  C-you Dating Service 

C-you dating service is like the intelligent dating service SeOikea. The main principle is 
same but there are more versatile mobile features in C-you. In other words there are more 
wide service content, supply and functionality. The C-you service is working in Norway 
and is maintained by Cee-TV. Telecommunication and other co-operation work are 
handled by Telenor.  
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6.4.1  General Aspects of C-you 

Generally the technical features of C-you service (version 3) are like those in SeOikea. 
Actually, web and SMS software also vary. And there is one neural network software 
module (Type 4) more (see Fig 15.). New features for users are added mostly to the web 
software. These features create more reality and interaction between human beings and 
software components. The new graphical user interface is no longer interactive but the 
reasoning mechanism is more advanced and adaptive than before. The graphics and user 
interface are improved mostly by Flash (developed by Macromedia Inc.) technology. 
Helpful additional information is also added to the actions which can be quite difficult for 
novices to use and understand. SMS software has been changed very dramatically. There 
are more SMS text message keywords; also known SMS ontology, so more concepts and 
state machines and correlations between these have been generated to the new service. 
SMS gateway is also totally different, premised on the text based YAP-protocol of 
Telenor [60]. Of course the content of the SMS messages has been changed for 
Norwegian needs and consequence of culture aspects. 

Neural network modules are not changed significantly. A new intelligent software 
module Type4 is added to the service. Of course the contentual factors, mostly content of 
information, are defined individually. This fact proves that the matrix architecture is very 
flexible and it is a quite easy and rapid way to add new software modules (applications 
and services too) serving users more efficiently. Performance of neural network modules 
was clearly better than in version 2.  

6.4.2  Software Agents in C-you 

The utilizing of independent software components is one of the biggest additional 
features in C-you. The naming practices, tasks and properties of the software agents are 
very difficult to define exactly what is the real agent and what is not. The definitions are 
nearly as much as the software designers. However, the software components which are 
used in this context are software agents, even though they have not an actual 
communication language if the native language is not considered such. The ontology also 
is very simple application-specific SMS ontology, which based on SMS keywords and 
concepts. It is not gone into agent ontology and communication between the agents in 
more detail talking about intelligent dating service.  

The intelligent user agents which are demonstrated here act with the conditions of the 
people searching for information about the partners and service routinely. The 
communication with the human being is performed with different informative messages 
either with text messages via a mobile terminal or with pop-up windows in the web. The 
agents which are demonstrated here are divided into two parts: independent agents which 
generate functions and agents which react to certain stimuli. The agents which are 
searching for information independently and present them act only if the user has given 
them privileges from his own profile. Thus the surcharges cannot come automatically if 
the user does not want. This kind of software agent informs, for instance, about the new 
companions (companions which are registered after the last login) of the service which 



 87

are placed well in a user’s profile (on the matching map). The agents which react to 
certain stimuli are triggered from many different contexts, among others, when the user 
changes his/her profile significantly. This means mainly that the user modifies his/her 
profile information to such a degree that the neuron changes in the net. The calculation 
principles of the neurons are presented in the Chapter 5.6. This, however, means that the 
partners may change to some extent. At the same time he/she is seen on the different 
persons' map in the best ten or twenty group. The simple SMS information agents’ 
configuration form is presented in Fig. 24. 

Fig. 24. Setup form of SMS information agent. 

6.5  Status of Intelligent Dating Services 

The first version of intelligent dating services started at the end of 2000. Now we a have 
fourth version in the test bed and it has been technically totally changed. There is a new 
smaller SOM map with smaller question patterns (only half of original questions). There 
are also online learning methods. This means, for instance, that the mechanism learns 
more and more when a user answers the small question sets. The system also learns from 
independent user sessions collecting user behavior and context information without the 
user registering. User registration, however, is a necessary action when we want to make 
money with applications. It also means that you can give answers (complete question 
forms) in smaller sets and the service still gives intelligent decisions regardless of the 
question scale. In other words, a neural network module is ready to work when a couple 
of important questions (for instance 10 characteristic questions from human life) are 
answered.  
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6.6  Discussion 

TheOne (SeOikea) was the first intelligent dating services in the world which utilized 
neural networks (especially Self-Organized Map) at all. The first version was made at the 
end of 2000 and version four 2003-2004. It is still the only neural network based dating 
service. This also means that comparison between SeOikea and other intelligent dating 
services is almost impossible or the results are hardly comparable. Even though dating 
service is not one the services that have been best represented in the world, it has been 
extremely interesting from the point of view of significant results. It has been recognized 
from the customer feedback that the service has even operated beyond expectations. It 
has even resulted in several marriages. Correctly used and taking the most important 
properties of the human being into consideration the service works well on a massive 
inherent vector (285 parameters). The properties were chosen by professionals.  

However, there are several electronic marketplaces using customer profiling systems 
for finding suitable books, movies, music, toys, sports, etc. Probably the most famous are 
Amazon.com and Wal-Mart [64]. Both marketplaces proactively recommend items (like 
books, music and movies) to customers based on previous items they have purchased, a 
profile they have filled out, and buying trends among customers with profiles. There are 
several differences between TheOne service and the above-named electronic 
marketplaces, among them the target of profiling, profiling methods and SW architecture. 
TheOne service offers personalization of human characteristics (and matching of a 
different type of users) whereas marketplaces using a certain user profile. TheOne uses a 
clustering method (parsing disharmonious users and selecting best neurons), Euclidean 
distance calculation between characteristics and special algorithms for matching. It is 
based on DIISA architecture using SW agents (presented in chapter 0) whereas the 
marketplaces are based on e-commerce platforms (like Microsoft Commerce Server 
2002) offering services mainly for web users.  

The technique also has functioned well in TheOne service. There were some early 
difficulties which were overcome to give a reliable service. However, the flexibility of 
the architecture has been more important from the point of view of the technique thinking 
of the new supplementary services which are added to the system from time to time. 
Likewise the flexible structure of the database has made the planning and carrying out of 
new services possible without major changes in the database. In practice this often means 
that for every service only some database tables have to be created. In totally new types 
of services, for example gambling services, more tables have to be created, however.  

The dot-com business model of online dating and matchmaking services would seem 
to have a lot of potential. The rise in popularity of online dating is hardly surprising. It is 
one manifestation of our changing lifestyles in a modern information society. Single 
people are increasingly feeling a need for some sort of formal intermediary in the dating 
process, since many work long hours in demanding careers that can take them all over the 
world. The hectic pace of life leaves little time for searching for romance or making 
friendships that last. The same pressures are taking their toll on marriages, with divorce 
causing many people to have to re-enter the singles scene after years of absence. The 
good news is that today's dating services are no longer stereotypical ‘video dating’ - the 
old method of matchmaking. Online dating is an altogether much richer experience that 
has a greater element of fun in it. It is also more effective, in that people can meet many 
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others who match more detailed criteria far more quickly and in a safer environment. An 
online dating service is a community dedicated to providing the best possible search, 
selection and matching technology available, while members remain anonymous until 
such time as they feel ready to develop their relationship further. In the Nordic countries, 
and Europe in general, mobile phones and SMS messaging and payment have also 
achieved great popularity. 

The new service, being the first international Internet dating service to include a full 
range of mobile operation and anonymous SMS messaging, will allow for new interactive 
concepts to be integrated into television shows and chats. This cross-media concept is 
expected to be a winner in many market areas in Europe and Asia. 

SeOikea service (nowadays DateAgent) has been compared to several intelligent 
dating services like: SmartFlirts (http://www.smartflirts.com/), ThirdAge 
(http://www.thirdage.com/), KissFM (http://www.kiss.fi/deitti/), 24hourdating 
(http://24hourdating.co.uk/), Match.com (http://www.match.com), etc. The most 
important difference between these services is that only SeOikea is a pure matching 
service where human characteristics are compared. Distances between characteristics are 
measured by Euclidean distance when a suitable neuron is selected based on a Self-
Organized Map (SOM). Humans are very non-linear models so regular calculation is not 
sensible. In addition, several dating services include only chat and advertisement columns 
without intelligence and matching features. One special property in SeOikea is 
learnability with agent technology. Agents can train neural network modules in different 
ways; 1. off-line training with user/agent information (user/agent recognized), 2. on-line 
training without user/agent information (user/agent not recognized), 3. off-line training 
without user/agent information and 4. on-line training with user/agent information. These 
methods are presented in the Chapter 5.2.3 .  

The advantages of SeOikea over other dating services are the clustering method 
(parsing disharmonious users and finding the best candidates from a large mass of 
information), special algorithms for matching (developed with an experienced 
sociologist) and self-learnability (based on Self Organized Map and agent technology 
combination). 
 



7 Discussion 

GAA differs from other agent architectures and systems. One of the significant 
differences (in comparison with JADE, ZEUS, OAA, JACK, etc) seems to be that GAA 
is intended more for industrial activity, not game environment purposes [1,54,65,66]. A 
second significant difference is the integration of different decentralized systems and 
communication with each other using different reasoning systems (primarily neural 
networks). The third and most important difference between GAA and other agent 
architectures is the utilizing of neural networks (SOM) and agent technology 
combination. 

Genie Agent Architecture (GAA) opens up new opportunities for moving between 
applications and service development, which suffer from different standards and 
protocols, and is thus a very significant research result. It is also possible to create simple 
interfaces between systems, as was done for communication between the agent platforms 
in this architecture. Genie Agent Architecture operates with the Java Virtual Machine 
(JVM), in other words an operating system, and it has practically no hardware 
dependence at the present time, which means that the system will also work on several 
types of mobile data terminal equipment, provided that JVM is supported. The 
architecture is therefore well suited to a Ubiquitous Computing environment 

The communication between agents is not good enough just thinking about social 
needs at the moment. There must be communication between human being and software 
modules, too. Attention will therefore be paid inevitably to natural languages. This 
method is used in many cases by OAA (Open Agent Architecture) [65]. The agent’s 
communication is based on agent ontology, which is a rapidly developing research area in 
computer science. There are no standards for representing ontologies, since no mutual 
understanding has been reached on describing them. Consequently, software developers 
have been using their own representation formats when describing the knowledge 
contained in a system. Very trivial ontologies have been implemented which describe 
only the concepts and related attributes, so that their structure is very simple, but these 
are usually the most functional models. The development of ontology languages has 
expanded enormously in a short time. At first there was no reasonable language to use, 
whereas now there are several candidates. The languages developed earlier were based on 
a frame-based conceptual representation of knowledge, as in OML/CKML (Ontology 
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Markup Language/Conceptual Knowledge Markup Language), while the future trend will 
be to develop XML-based ontology languages such as XOL (XML-based Ontology 
Exchange Language) and IFF (Information Flow Framework). We used ad hoc ontologies 
in Genie Agent Architecture, but it was not a successful experiment. It is absolutely not 
the right way to write context-based ontologies in ad hoc style, we need dynamic 
ontologies. 

Most important goal of the Genie Agent Architecture and DIISA architecture was to 
find solutions to agent intelligence and personalization problems with the assistance of a 
SOM (Self-Organizing Map) [20]. An intelligent user agent follows the user to all the 
places to which he switches when proceeding from one link to another, and the user 
interface of the portal will adapt dynamically to the user's needs, to provide dynamic user 
interfaces. There were three possibilities to collect user information for personalization 
purposes: I) with registration of the user, II) without registration and III) a combination of 
these two (parallel use). The last alternative is not presented here because it is quite 
obvious. 

The information treatment can be carried out in two ways in this case. In the first case, 
if the information has been collected before, the traditional method can be used, which 
means use of the basic features of a self-organized map (SOM). The second way, 
construction of a self-learning system, must be employed if no old information is 
available or if the information is requested on line from the user (new additional 
questions). The final result of the SmartAgent platform (an intelligent service platform 
for intelligent web services and personalization capabilities) is an online learning 
mechanism with autonomous software agents. These results are used successfully in 
business nowadays. The system captures on different areas like in wellness, fault 
diagnosis in several industrial areas, entertainment and the research world. 

The intelligent user agents of the Genie architecture, SmartAgent platform, act as an 
intelligent container for the mobile users. The profiling of the user has been implemented 
with ANN technology, while the agent technology was based on the Genie Agent 
Architecture. Users are served through personal user agents which have been taught by 
means of neural networks on the basis of web behavior and text messages (Short Message 
Service). The user agent will follow the user everywhere with the mobile phone or web 
sites (containers placed on servers). User profiling (personalization) was somewhat 
difficult without user registration because of minimal information. This also means that 
reliability of the service was not good in this case. The only way to improve reliability 
was to ask on-line users extra questions. 

The software systems are usually very heterogeneous, in which case integration or 
communication between them is practically impossible. Integration is not necessarily 
required, in fact, if the systems are made to understand each other through software 
agents. Interface and/or wrapper agents are embedded in every software system in order 
to take care of communication with other systems. The second problem is the flood of 
information to services. The world is full of services of whose existence only a small 
number of people are aware, and even these people have only a partial understanding of 
what such services can offer the user. Nobody can control everything. Thus the second 
purpose of this architecture is to co-ordinate and combine services and form them into 
comprehensive, useful packages for the users who need them. This means that the 
services can be customized for users according to their situations and needs. These 
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problems are notified and managed in DIISA architecture and our intelligent web 
applications and services. 

We designed mobile and autonomous applications (like SeOikea, voting machine, C-
you, DateAgent, etc.) with intelligent features like reasoning and autonomous learning 
methods. These applications and services co-operate with intelligent SmartAgent 
platform and DIISA architecture. The first goal was to combine agent architecture, 
information system (distributed database system) and neural nets for global Internet 
markets. This goal was fulfilled successfully, but we faced difficulties, too. The problem 
was slow communication between distributed software modules. Our solution was 
decentralized architecture with a control server which deliver tasks to subsystems, like 
client machines and other servers with software agent technology. Communication 
between modules in their own internal communication language was a second 
improvement for performance capabilities. There are some equalities with Open Agent 
Architecture (OAA) like own agent communication language, which is implemented in C 
language.  

The second goal of the Decentralized International and Intelligent Software 
Architecture was to find solutions to agent intelligence and matching problems with the 
assistance of a SOM (Self-Organizing Map). There were some problems, too. Neural 
network module type2 was absolutely too slow. The new algorithms solved the problem. 
The new results were about 6-7 times faster than before. A second problem with type2 
module was reliability in match calculation. The 20 best neurons were selected with 
matching control module and calculated through all candidates from selected neurons. 
So-called death-valley problems appeared. The best candidates were not necessarily 
situated in these best 20 neurons, so the whole principle of calculation was changed and 
new SOM maps developed. Classification of users succeeded well based on normal 
distance calculation.  

DIISA architecture solves the decentralization problem of intelligent Internet services 
with matrix technique. Applications are divided into row level and areas (e.g. target 
countries where applications or services are used) into columns. The solution of the 
architecture offers flexible configuration of applications and services for different needs. 
We can divide the applications in this context depending on their ways of functioning and 
on the interaction between the users and the active and passive applications. The 
applications will be passive if the user mainly controls the operation of the application, 
but active if the user's actions have a minimal effect on the final result of a task from the 
point of view of the solution. 

The multimedia concept has become vastly more general in this millennium by leaps. 
Teleoperators, radio channels, the press, media producers/bidders, TV channels, software 
houses, creators, school systems and similar actors are united in a broader sector. Digital 
content production and offering it to high technology, with better quality, rapidly and 
broadly, are common goals for these actors. Several content providers have been great 
forces in global and intelligent mobile and Internet services. This tendency is also 
spreading gradually to South Europe, Asia and the East. The cable channel companies 
have noticed the use of these digital services. Of course the teleoperators have hastened 
to develop of multi channel platforms and new types of services through these channels. 
The purpose of operators is to fill these unoccupied service channels. Anyway, the most 
important property is usability and easy availability of services in every context. Thus the 
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keyword is context. In this case, autonomous software agents get together with content 
production to serve users in an intelligent way. 
Conclusion 
In this thesis, the following techniques were developed: 1) Genie Agent Architecture 
(GAA), 2) Web Intelligence and User Personalization and 3) Decentralized International 
and Intelligent Software Architecture (DIISA). 

Genie Agent Architecture is designed for mobile services and applications utilizing 
ubiquitous environment. It combines neural network technology and software agent 
technology. The architecture consists of seven independent modules like reasoning 
system, information system, middleware software, context recognition, external service, 
UI software (agent container) and agent platform. Furthermore, the Genie architecture 
supports representing application-related knowledge explicitly. This allows the utilization 
of the same general components in many different applications. The Genie platform was 
tested in for 420 days. Genie was also tested with a calendar application. 

Web intelligence and user personalization means profiling of users and services in 
different ways in this case. The most important innovation is online learning with 
autonomous software agents. There are also many advantages compared to conventional 
ANN systems like: 1) automated information collection and processing without users, 2) 
proven continuous learning from new information, 3) no human errors, 4) unlimited 
number of information sources and processing resources. These intelligent methods were 
tested in practice with Genie Agent Architecture, DIISA architecture and the last version 
of an intelligent dating service. 

The global matrix architecture DIISA was developed for distributed and intelligent 
applications and services. Conventional software architectures do not offer AI features 
and software agent capabilities for the intelligent applications needed. We have also 
developed intelligent dating services based on neural networks (SOM) and several 
matching and other algorithms. We have four versions of intelligent dating services and 
two versions of these (second and fourth) are used in international level. The architecture 
and services system have therefore been well tested in the real world.  

In the future, the intelligent user agents of the Genie architecture, SmartAgent 
platform and DIISA architecture will be focused more on mobile markets and users. We 
are developing a new system for customers where the “Genie of the Phone” will serve 
mobile users like a travel assistant with intimate knowledge of the master and his/her 
environment (such as domestic life, working life, hobbies, social habits, etc.). This 
technology will be integrated partly into mobile terminal and the server side. The mobile 
terminal will include an intelligent SW frame, container and on-line algorithms. An SW 
frame is some kind of plug-in module which can be totally changed (e.g. when the master 
is changed) or partially replaced with a new intelligent module (e.g. when the context is 
changed) depending on the user profile. The server side includes e.g. neural network 
maps, special algorithms and knowledge bases, generally items which require more 
computing capacity. The following use cases will be developed using the new “Genie of 
the Phone” architecture: 

1. Community Agent for Mobile Phone 
2. Dating/Social Networking 
3. Music Agent 
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4. Intelligent Mobile Calendar 
5. Interactive Communication Agent 
6. Leisure hints (movies, …) 
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 Appendix 1 The function of the calendar application 

The function of the calendar application is presented as follows (Figures A1-A19). 
Actions are described briefly in figures by yellow text boxes. 

Fig. 1. Agent’s registration request to the Genie Agent Platform. 
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Fig. 2. Agent’s registration is accepted by the Genie Agent Platform. 

Fig. 3. Agent’s registration is accepted by the Genie Agent Platform. 
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Fig. 4. Identification of the users for the calendar application. 

Fig. 5. Identification request of the identification agent. 
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Fig. 6. Identification is accepted and the web server is informed. 

Fig. 7. The calendar application is opened and ready for action. 
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Fig. 8. Free, proposal and reserved times are indicated by colours. 

Fig. 9. There is one meeting reserved already. 
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Fig. 10. The calendar groups are presented above. 

Fig. 11. There are four text boxes to be filled for a new meeting. 
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Fig. 12. The new meeting request is sent to the reasoning system. 

Fig. 13. A suitable rule for this occasion is requested from the database agent. 
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Fig. 14. The suitable rule is retrieved and sent back to the intelligent agent. 

Fig. 15. The rule is performed and more information is needed. 
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Fig. 16. The final decision is made when additional information arrives. 

Fig. 17. Users of certain groups are informed about a new meeting. 
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Fig. 18. The meeting time can be accepted (yes) or rejected (no) by the user. 

Fig. 19. The users can see the reserved meetings. 



 
 

 Appendix 2 The Database Check Information 

The MEMORY database check information is presented as follows. 
 
 
********************************************************** 
Database Check Information 
********************************************************** 
 
DATABASE:  MEMORY    ( 22.03.2001 20:17:22 )                
                                                            
Name       Creation date            Archive mode            
---------- -------------------- --------------------        
MEMORY     22.03.2001 14:53:25   NOARCHIVELOG           
 
DATABASE:  MEMORY    ( 22.03.2001 20:17:22 )                                                        
                                                                                                   
INSTANCE_NAME    HOST_NAME  Start time       VERSION          State                                 
---------------- ---------- -------------------- -----------                                        
MEMORY           raahe1     22.03.2001 17.46.46  8.1.7.1.0    OPEN    
DATABASE:  MEMORY    ( 22.03.2001 20:17:22 )                                                        
                                                                                                    
Name                              Value                                                             
--------------------------------- --------------------------                                        
Dictionary base tables version #  2                                                                
DB time zone                      0:00                                                              
Language                          AMERICAN                                                         
Territory                         AMERICA                                                           
Local currency                    $                                                                 
ISO currency                      AMERICA                                                           
Numeric characters                .,                                                               
Character set                     UTF8                                                              
Calendar system                   GREGORIAN                                                        
Date format                       DD-MON-RR                                                         
Date language                     AMERICAN                                                         
Linguistic definition             BINARY                                                            
Time format                      HH.MI.SSXFF AM                                                    
Time stamp format                 DD-MON-RR HH.MI.SSXFF AM                                          
Time with timezone format         HH.MI.SSXFF AM TZH:TZM                                            
Timestamp with timezone format    DD-MON-RR HH.MI.SSXFF AM TZH:T                                    
                                 ZM                                                                
                                                                                                    
Dual currency symbol              $                                                                 
NLS comparison                    BINARY                                                            
NCHAR Character set               UTF8                                                              
Global database name              MEMORY.NEUROTUOTANTO.FI                                           
Export views revision #           8                                                                 
RDBMS version for NLS parameters  8.1.7.1.0                                                         
 
DATABASE:  MEMORY    ( 22.03.2001 20:17:22 )                                                        
                                                                                                   
Name                              Value                                                             
--------------------------------- ------------------------------                                   
db_block_size                     8192                                                              
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********************************************************** 
********************************************************** 
 
BANNER                                                                                              
----------------------------------------------------------------                                    
Oracle8i Release 8.1.7.1.0 - Production                                                             
PL/SQL Release 8.1.7.1.0 - Production                                                               
CORE 8.1.7.0.0 Production                                                                   
TNS for Solaris: Version 8.1.7.1.0 - Production                                                    
NLSRTL Version 3.4.1.0.0 - Production                                                               
 
********************************************************** 
********************************************************** 
 
SGA Sizing                                                                                          
                                                                                                   
SGA Group Name                  Value - Bytes                                                       
------------------------------ --------------                                                       
Fixed Size                             73,888                                                       
Variable Size                     68,632,576                                                       
Database Buffers                  122,880,000                                                       
Redo Buffers                          180,224                                                       
                               --------------                                                       
sum                               191,766,688                                                       
 
Redo Log Files                                                                                      
                                                                                                    
 Group Redo log files                           Status      Size (K)                                
------ -----------------------------------------------------                                        
     1 /oracle/u01/oradata/MEMORY/redo01.log                10240                                   
     2 /oracle/u01/oradata/MEMORY/redo02.log                10240                                   
     3 /oracle/u01/oradata/MEMORY/redo03.log                10240                                   
     4 /oracle/u01/oradata/MEMORY/redo04.log                10240                                   
 
 
Control Files                                          
                                                                 
--------------------------------------------------                                                  
/oracle/u01/oradata/MEMORY/control01.ctl                                                            
/oracle/u02/oradata/MEMORY/control02.ctl                                                           
/oracle/u03/oradata/MEMORY/control03.ctl                                                            
 
 
*** Table spaces size information ***                                                               
                                                                                                    
Table space          Init (K) Next (K)  Min Max        inc% State                                   
---------------------- -------- -------- ---- --------- -                                           
DATAL                102400   102400    1 unlimited     0 ONLINE                                    
DATAM                  5120     5120    1 unlimited     0 ONLINE                                    
DATAS                    64       64   1 unlimited     0 ONLINE                                    
INDL                  10240    10240    1 unlimited     0 ONLINE                                    
INDM                   1024     1024    1 unlimited     0 ONLINE                                    
INDS                     64       64    1 unlimited     0 ONLINE                                    
RBS                     512      512    1 unlimited     0 ONLINE                                    
SYSTEM                   64       64    1 unlimited    50 ONLINE                                    
TEMP                   1024     1024    1              0 ONLINE                                    
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*** Service data of table spaces (kilos)  ***       
                                                   
                                                    Max. Ext.   free   used                         
Table space                   Id#      Reserved      Free     free  cnt       
%       %                                           
------------------------- ----- ------------ ------------ ----------- ---- 
------- -------                                           
DATAL                         4      204,800    1,843,200   1,843,200    1   
90.00   10.00                                           
*************************       ------------ ------------                  
------- -------                                           
avg                                                                          
90.00   10.00                                           
sum                                  204,800    1,843,200                                          
                                                                                                    
DATAM                         3       40,960    2,007,040   2,001,920    2   
98.00    2.00                                           
*************************       ------------ ------------                  
------- -------                                           
avg                                                                          
98.00    2.00                                           
sum                                   40,960    2,007,040                                           
                                                                                                   
DATAS                         2          704    1,023,296     985,600    8   
99.93     .07                                           
*************************       ------------ ------------                  
------- -------                                           
avg                                                                          
99.93     .07                                           
sum                                      704    1,023,296              
                                                                                                    
INDL                          8       71,680    1,976,320   1,976,320    1   
96.50    3.50                                           
*************************       ------------ ------------                  
------- -------                                           
avg                                                                          
96.50    3.50                                           
sum                                   71,680    1,976,320                                           
                                                                                                    
INDM                          7       20,480    2,027,520   2,027,520    1   
99.00    1.00                                           
*************************       ------------ ------------                  
------- -------                                           
avg                                                                          
99.00    1.00                                           
sum                                   20,480    2,027,520                                           
                                                                                                    
INDS                          6        1,024    1,022,976   1,022,976    1   
99.90     .10                                           
*************************       ------------ ------------                  
------- -------                                           
avg                                                                          
99.90     .10                                           
sum                                    1,024    1,022,976                                           
                                                                                                    
RBS                           5       51,712      153,088     145,408    4   
74.75   25.25                                           
*************************       ------------ ------------                  
------- -------                                           



 113
avg                                                                          
74.75   25.25                                           
sum                                   51,712      153,088                                           
                                                                                                    
SYSTEM                        1      186,912       79,328      79,296    2   
29.80   70.20                                           
*************************       ------------ ------------                  
------- -------                                           
avg                                                                          
29.80   70.20                                           
sum                                  186,912       79,328                                           
                                                                                                    
                                ------------ ------------                  
------- -------                                           
avg                                                                          
85.98   14.02                                           
sum                                  578,272   10,132,768                                          
 
####################   NOTE:   #################### 
 
If a tablespace has all datafiles with % Used greater 
than 80%, it may need more datafiles added. 
 
####################   NOTE:   #################### 
 
 
*** Database files information  ***                                                                 
  Id# Table space                 Database file                                 
Mb State                                           
----- ------------------------- ------------------------------------------ 
---------- ----------                                     
    1 SYSTEM                    /oracle/u01/oradata/MEMORY/system01.dbf           
260 AVAILABLE                                      
    2 DATAS                     /oracle/u03/oradata/MEMORY/datas01.dbf          
1,000 AVAILABLE                                      
    3 DATAM                     /oracle/u03/oradata/MEMORY/datam01.dbf          
2,000 AVAILABLE                                      
    4 DATAL                     /oracle/u03/oradata/MEMORY/datal01.dbf          
2,000 AVAILABLE                                      
    5 RBS                       /oracle/u01/oradata/MEMORY/rbs01.dbf              
200 AVAILABLE                                      
    6 INDS                      /oracle/u02/oradata/MEMORY/inds01.dbf           
1,000 AVAILABLE                                      
    7 INDM                      /oracle/u02/oradata/MEMORY/indm01.dbf           
2,000 AVAILABLE                                      
    8 INDL                      /oracle/u02/oradata/MEMORY/indl01.dbf           
2,000 AVAILABLE                                      
 
*** Database files, where autoextended property ***                                                 
  Id# Tablespace                 Database file                              
Inc Max.koko(Mb)                                     
----- ------------------------- ------------------------------------------ 
-------- ------------                                     
    1 SYSTEM                    /oracle/u01/oradata/MEMORY/system01.dbf      
10,240   ##########                                     
    5 RBS                       /oracle/u01/oradata/MEMORY/rbs01.dbf          
5,120   ##########                                     
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***  Rollback segments  ***                                                                         
                                                                                                    
  Id Owner      Table space            Roll name  Init (K) Next (K)  Min 
Max         Inc% Status                                       
---- ---------- -------------------- ---------- -------- -------- ---- ----
------- ---- ---------                                    
   0 SYS        SYSTEM               SYSTEM           56       56    2 505            
0 ONLINE                                       
   2 SYS        RBS                  RBS0          10240      512    1 
32765          0 ONLINE                                       
   3 SYS        RBS                  RBS1          10240      512    1 
32765          0 ONLINE                                       
   4 SYS        RBS                  RBS2          10240      512    1 
32765          0 ONLINE                                       
   5 SYS        RBS                  RBS3          10240      512    1 
32765          0 ONLINE                                       
   6 SYS        RBS                  RBS4          10240      512    1 
32765          0 ONLINE                                       
 
****   User information   ****                                                                      
           Oracle                                                                                   
   USER_ID code       Default TBS                                   
Temporary TBS                                                  
---------- ------------ --------------------------------------------- -----
----------------------------------------                  
Creation date            PROFILE                                                                    
-------------------- ------------------------------                                                 
        26 AURORA$JIS$U SYSTEM                                        
SYSTEM                                                         
           TIL                                                                                      
22.03.2001 16:03:47  DEFAULT                                                                        
                                                                                                    
        28 AURORA$ORB$U SYSTEM                                        
SYSTEM                                                         
           NAU                                                                                      
22.03.2001 16:14:10  DEFAULT                                                                       
                                                                                                    
        32 DBSNMP       SYSTEM                                        
SYSTEM                                                         
22.03.2001 17:42:52  DEFAULT                                                                        
                                                                                                   
        29 NETU         DATAS                                         TEMP                          
22.03.2001 16:55:00  DEFAULT                                                                       
                                                                                                    
        27 OSE$HTTP$ADM SYSTEM                                        
SYSTEM                                                         
           IN                                                                                       
22.03.2001 16:03:48  DEFAULT                                                                       
                                                                                                    
        11 OUTLN        SYSTEM                                        
SYSTEM                                                         
22.03.2001 14:54:07  DEFAULT                                                                        
                                                                                                   
         0 SYS          SYSTEM                                        TEMP                          
22.03.2001 14:53:52  DEFAULT                                                                        
                                                                                                    
         5 SYSTEM       DATAS                                         TEMP                          
22.03.2001 14:53:52  DEFAULT                                                                        
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        19 TRACESVR     SYSTEM                                        
SYSTEM                                                         
22.03.2001 15:44:42  DEFAULT                                                                        
                                                                                                   
 
*** Parameter information ***                                                                       
                                                                                                   
Parameters name                             Parameters value                                        
-------------------------------------------- ---------------                                 
processes                                    150                                                    
shared_pool_size                             41943040                                              
large_pool_size                              614400                                                 
java_pool_size                               20971520                                              
control_files                                
/oracle/u01/oradata/MEMORY/control01.ctl,                                               
                                             
/oracle/u02/oradata/MEMORY/control02.ctl,                                               
                                             
/oracle/u03/oradata/MEMORY/control03.ctl                                                
                                                                                                    
db_block_buffers                             15000                                                  
db_block_size                                8192                                                   
compatible                                   8.1.0                                                  
log_buffer                                   163840                                                 
log_checkpoint_interval                      10000                                                  
log_checkpoint_timeout                       1800                                                   
rollback_segments                            RBS0, RBS1, RBS2, RBS3, RBS4                           
max_enabled_roles                            30                                                     
remote_login_passwordfile                    EXCLUSIVE                                              
instance_name                                MEMORY                                                 
service_names                                MEMORY                                                
mts_dispatchers                              
(PROTOCOL=TCP)(PRE=oracle.aurora.server.SGiopServer)     
sort_area_size                               65536       
sort_area_retained_size                      65536       
db_name                                      MEMORY      
open_cursors                                 300         
os_authent_prefix                                        
background_dump_dest      /app/oracle/admin/MEMORY/bdump 
user_dump_dest            /app/oracle/admin/MEMORY/udump 
core_dump_dest            /app/oracle/admin/MEMORY/cdump 
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