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1.
Introduction, Concept and the Essence of Intelligent Systems
Due to its complexity, instead of being described in terms of methods and attributes, agent is described in terms of its behaviour. Software Agent is often used as a notion for Intelligent Software Modules. Published works related to this subject matter can be divided into two categories. The first ones refer to the theoretical analysis of the agent’s basis, and the second ones refer to the construction of agents, which operate within specific and focused users’ domains. 

There is no generally accepted definition of agents. According to theoreticians who deal with agents, they are usually described as programmes which imitate intelligent being’s behaviour, in a way that they work, make decisions, and act independently, i.e. “The agent can be defined as something that runs computer and acts on the user’s behalf in virtual (computer-based) surroundings.” 

Intelligent Agent term, used in this paper, is defined as an autonomous programme. There is no consensus on the definition of term Intelligent Agents and terms which are in use are: Intelligent Agents, Intelligent Media Agents, Adaptive Interfaces, Personal Agents, Autonomous Agents, and Network Agents. 

Intelligent Agents gather information from their surroundings (“observe the surrounding”), decide about their actions and perform them (Nadrljanski, Dj & Nadrljanski M, 2008). Intelligent Agents are implemented as programmes (functions) which transform observations into actions. They help user in different ways: they screen the complexity of difficult tasks, perform the tasks on user’s behalf, instruct user, monitor events and procedures, and help cooperation of users. The user is not obliged to “obey” the agent. Agents represent software which has the ability to fulfil given task on its own, without the user’s intervention, and to inform the user about that fulfilment, or about the appearance of the expected event. Agent can be defined as follows: Agent is a computer system, which in interaction with its surroundings has the ability to react flexibly and independently, in accordance with the goals that have been set for it. 

Three basic demands stand out in this definition: interaction with the surroundings, autonomy, and flexibility. Interaction with the surroundings in this case means that the agent is capable to react to the entry it obtained from sensors in the surroundings, and that it can perform actions that change the surroundings in which the agents act. Surroundings in which agents act can be physical (real world) or software (a computer on which interactive TV or Internet are installed), while classic expert systems obtain their information about the surroundings via mediator (user), who enters system parameters. Classic expert systems did not have the ability to influence the surroundings (at least not directly), or they performed it also via mediator (user), who reacted on the surroundings, depending on the answer.

Agent whose behaviour is completely controlled by the outer agent does not have “personal strength” or self-management. In everyday usage such agents are called machines, and their actions are under compulsion.

“Autonomous agent is self-controlled, which is in opposition to outer agent’s control. In order to be self-controlled, the agent has to possess relative knowledge, which is self-thought, and it has to be motivated, since these are the presumptions for the controller. In other words, autonomous agent has to know what to do in order to perform the control and it has to want to perform the control in one way, and not the other.”

Autonomy means that system is capable to react without the users (or other agents’) intervention and it means that it has control over personal actions and inner state. Such system should also be capable of learning by experience. Possibility of interaction with the surroundings and autonomy of computer systems is not a new idea. There are already many systems of that kind, such as programmes for real systems’ control, which supervise real world surroundings and perform actions as an answer to system changes in real time, and programmes that supervise software surroundings and perform actions by which they act on their surroundings as the conditions change (Antivirus programmes). Given examples have distinctions of interaction with the surroundings and autonomy, but these systems cannot be considered as agents as long as they do not have the possibility of flexible behaviour when they find themselves in situations that are not planned while designing them.

In order to consider software system flexible, it has to fulfil the following conditions:

· agent has to notice changes in the surroundings and bring the decision about possible actions with speed sufficient enough for that action to be significant for the system in which it acts;
· agents should not just react as an answer to signals from the surroundings, they should be capable to notice favourable opportunities and to take over the initiative in such situations, which should be in accordance with their goals;
· agents should be capable of communicating, when needed, with other agents and/or people, in order to solve their personal problem or to help each other in their activities.

This is very important since programming agent-based system is, basically, the thing of specifications of agent’s behaviour, and not identifying classes, methods and attributes. In that way “the agent can be defined as a set of characteristics given by the computer itself, by working with half of its possibilities in the virtual surroundings. “Interface Agent” gets its strength from grey organisms, which are metaphor for concepts such as cognitive abilities and communicative styles”.

.
2.
Agent Functions
According to Laurel (1990) and Isbister (1995) separate several things when talking about Interface Agents: functions description, ability to communicate, influence of control over agent, confidence in agent, appearance and character. Their studies are made on the basis of the Piaget’s theory about problem area of cognitive developmental levels and developmental stages of the agent. They make distinctions between the naive agent in sensomotoric stage, thinking agent in preoperative stage, and automatic agent in concrete and formally operative stage. Based on the discussion about antrophormisation, they separate the question about agents’ functionality from the question of their human form. Agents are classified as follows:

•
According to their abilities:

· technical abilities;

· intelligence;

· socialization.

•
According to their properties:

•
autonomous:

•
rational;

•
intelligent;

•
social.

If we put aside speculations about android machines and personification according to (Laurel, 1990), we are left with the “property” called “Software-Agent”, or personal assistant that is capable of drawing conclusions from its users’ actions and, based on that, to bring decisions independently.

In (Negroponte, 1995) says with reason: humanoid, visual appearance is not exciting, it is Interface problem area. Software Agents can perform their jobs invisibly and without being noticed. In his presentations he asks the question: “What do HAL and manager have in common?” They are similar in a way that they possess the ability to display the intelligence on such a level that psychical interface disappears almost on its own, using “make disappear” design.

One of the examples how agent can be usefully exploited is NewsPeek-Programme, where agent creates newspaper programme for its user. Next example is reservation of aeroplane tickets and travel arrangements.

In (Sheiderman, 1986) stresses the progress of robots since the usage of anthropomorphic elements has been avoided “Making boundaries between men and computers leads to a clearer discernment of computer power in the realization of human demands. Rapid progress will take place after designers accept the finding that human – human communication is a weak interaction model.” According to Laurel, agent can function properly only if it adjusts to its user. Adaptation excludes the risk of incorrect results. “The risk of making incorrect conclusion can be reduced with the difference of unambiguity strategies, which include dialogue, usage of modeling and forming many creations by using multiple channels.”

Very interesting debate between S. Brennan and B. Sheiderman took place on CHI’ – 92. Congress 4. Susan, a linguist, stresses that jobs are performed better via language than by means of a computer mouse. (Sheiderman, 1987) points to story about design and stresses that: “Each technology goes through an immaturity phase, in which human and animal models are used.” Such presentation has later shown as an obstacle for the development of simpler and more functional tool. He points out that there are language-based techniques which have been pulled off the market. As a critic to their dialogue Laurel (1990) stresses: “I am inclined to the appearance of the human species on the scene, if it will represent human existence.”

Software Agent and androids are concepts of a part of informatics called artificial intelligence. Perelman (1969) doubts that artificial intelligence can fulfill the expectations. Anyway, current positions about artificial intelligence, as a part of informatics, are not willing to support it as a predicate logic. According to Perelman: “While calculating the ability, many ‘rich languages’ demand only second-rate predicates. As long as this can be accounted for the truth, we have to develop classic logical algorithms for models and reasons of their existence, or we should abandon the idea of having a normal conversation with computer.”

Insufficiency of modal logic and procedures on our computers leads to the stimulation of human thinking and creates results that can be formulated in a following way: “I think that the development of artificial intelligence is more an ideology than it is a research direction.” Perelman further stresses: “Artificial and intelligent computers that exist nowadays, represent “the ability of cognition” that people will most likely be clinically classified as schizophrenic, retarded, and as beings with a reduced possibility for love.”

Special aspect of computer humanization is: “Is there a possibility of addressing a computer by language?” APPLE developed the technology of language system for MACINTOSH.

Numerous statements support the claim that computer is not a living being; it only possesses the knowledge of artificial language. “Use of object as a way of communicating in relation to speech, seems better to me”, stresses Negroponte (1995), and thinks that “voice will be the main communication channel between you and your computer interface”.

Intelligent agents are slowly starting to penetrate global information structure as a key technology for interactive TV, multimedia and Internet applications, and they offer the whole spectrum of new possibilities and on-line services. They can behave as modern personal assistants, considerably advancing the way in which we use multimedia, Internet and Web, the way in which we supervise our mail, search, filter the information and receive them, perform the on-line shopping, consult, perfect ourselves…

Agent’s behaviour has to be intelligent. Question of defining term “intelligence” within the research into artificial intelligence subject matter is unsolved. The ability of survival is often seen as the measure of intelligence. System is as intelligent as its ability of maximizing the survival potential in a given surroundings is great (Maturana , 1987).
Intelligence is an attribute in the degree of description of reflection and behaviour while learning. One agent’s intelligence depends on the degree of instructions’ abstraction (entrance – input) and actions that are the result of those instructions. The minimal scale of intelligence defines one agent whose behaviour refers to user’s preferences.

More sophisticated intelligent media agents presume the inclusion of reflection functions, which are based on user’s model that represents user’s references, and has the ability of creating plan strategy and development strategy. For example, agents can use information filters for information screening that have been used by the user. Furthermore, one agent can adjust that filter to contain additional information sources, which could be interesting for an individual user.

On a higher scale, there is the ability of agents to learn from its surroundings, i.e. that they are capable of reacting on changes made in the data base, or that they can react on the changes of user’s behaviour, by adjusting the functionality of behaviour change and preferences of their users. Data discovery, inventiveness and exploitation of new concepts, ability of user’s model adaptation on those changes, are yet other attributes of knowledge-gaining agent. They are able to explore new data sources and infer new knowledge out of their surroundings. Agent is capable of developing research strategies and new presentation models. Programming of research functions can be expressed in a following way (McFarland, 1992).
“To programme automatic agent, means to make it do exactly what you, as a designer, want it to do. To programme one independent agent, means to make it want to do exactly what you want it to do.” For example, structural data changes in the data base (new hyperlinks on World Wide Web) have to be recognized by an intelligent agent, and filtering operation has to be adapted on the new structure of those data.

Mobile agents can move through the Internet and Web, collecting necessary information from distant servers, or helping us, e.g. to do “smart” on-line shopping. Moreover, multiagent systems can be used in many shared and distributed applications on the Internet. That is a field whose importance is constantly growing and which develops fast. It is much easier and more natural to specify behaviour than to write a code. That abstraction enables more powerful way of implementing the next generation of intelligent agents, in a way that business process has to be studied and after that, it is possible to include it into the information system itself. Information systems store and unite data – information.

The agent alone can be used in different fields. For example:

1)
Informing about updating www pages on the Internet;

2)
Tracking the appearance of new programme versions on ftp: server;

3)
Tracking the work of processes on a distant computer via tracking the changes on the files those processes use;
4)
With team work on a project, for synchronizing changes and their tracking;

5)
…

Depending on a domain of usage, agents differ. However, they can be classified into several characteristic classes, such as:

•
Collaborative Agents;

•
Interface Agents;

•
Mobile Agents;

•
Information/Internet Agents;

•
Reactive Agents;

•
Smart Agents;

•
Hybrid Agents.
3.
Use of Agents 
Agent technology is gaining more and more on its importance and they are yet more used for solving the real problems and commercial applications. Agents have very wide usage spectrum, from very simple systems, such as electronic mail filters, interception programmes and antivirus programmes, to very complex ones, like air traffic control software. Fields in which agent-based applications are currently most frequently used, are the following ones: production, process control, telecommunication systems, air traffic control, transport management, meteorology, information filtering and collecting, information flow management, electronic trade, business processes management, medicine, entertainment industry, computer games, and many other fields.

Mobility scale describes the degree up to which agents physically travel through the network and perform actions autonomous. Static agents are placed in fixed computers (minimum = 1), with a fixed set of predefined functions for each machine.

Mobile inscriptions consist of instructions for agents that have been sent and realized on another computer host. Process of sending mobile inscription and its realization does not have a defined spot. Mobile objects contain agents or their parts that allow remote execution of an agent with a defined spot. Mobile agents are transported from one computer to another. Example for that is shopping mobile agent that sells goods on virtual market. In that way, autonomy of an intelligent agent is in a tight connection with the mobility of its parts.

Basic technologies of an intelligent agent can be divided into four groups:

1.
Neuron network;

2.
Algorithmic approach;

3.
Cycles approach;

4.
Dynamic approach.

The approach of reflecting and learning has been taken from artificial intelligence research, which has been used as a fundament for intelligent agent implementation.
4.
Examples
Intelligent agents’ concept merges with the existing multimedia systems approaches. Combining intelligent agents with multimedia systems, leads to the creation of agents’ application, and those applications intelligently compose multimedia information. Agent that helps in media processing management is called intelligent media agent.

In the interactive TV surroundings, intelligent media agent is responsible for the following tasks: 

1) acquiring and/or adapting user’s interface and dialogue, 

2) TV shopping and other interactive services support, 

3) automatic information regaining and 

4) personal films’ generating. 

Different tasks are delivered by autonomous parts of intelligent media agents, so-called, subagents or softbots. The task description follows.

4.1
User’s interface/dialogue
For the future TV systems, intelligent user’s interface support is very important. Just like with traditional TV systems, users come from different social classes, with different backgrounds, and they do not have special technical training. Due to many users who have basic computer or object programming knowledge, designing of user’s interface for interactive TV systems has to differ from the interface which is used today. It is based on the principles of shared user’s interface designing, i.e. the interface has to be adjustable to users’ characteristics.

People, who already possess some computer knowledge, get expanded set of expanded functions, while the beginners will get a simple interface. That part of intelligent media agent responsible for users’ interface design, is called subagent’s users’ interface.

Users’ interface control is a very important sphere of work in artificial intelligence research. In interactive TV systems, intelligent media agent notes both, user’s actions and his “waiting time”. Since users’ behaviour reflects their characteristics, this information can be used for formation of internal base of knowledge about user. By using common design rules, user’s interface and one page’s arrangement, users’ interface can be designed automatically, depending on personal needs.

For example, dialogue elements can be changed if an intelligent agent notices that the button in the upper left corner of the screen is not being used. It can be seen, from the users’ interface base, that this button is meant for tutors – users, it is their help button. In that case, intelligent media agent draws two conclusions. Namely, dialogue elements can be hidden, since they have never been used, and the chance of them ever being used is very slim. Furthermore, intelligent media agent knows that there is a possibility that the user is the user of a higher order, since he never needed such help.

However, rules have to be applied carefully. For example, user can have printed copy of instructions. Those who work on development and design of interactive TV systems can define fixed elements for the base structure and variable elements that will contain personal data, gathered from intelligent media agents.
4.2
Interactive services
Interactive home shopping, banking services and other on-line services, are one of the movers in which interactive TV salesmen are interested. Intelligent media agent helps in moving through virtual fields, according to wishes and financial possibilities. It helps to get the best offers or the most reasonable price, by comparing catalogue services that provider has offered. Intelligent media agent can offer solutions on the account of former shopping habits and current prices. Agent can help to reduce the costs and adapt the way of shopping to household’s budget. Subagent that optimizes the approach to shopping and services is called shopping subagent.

Intelligent media agent also presents support for distant learning and tutoring, by adjusting speed and difficulty level. Intelligent media agent should also include specific subagents, e.g., stock market helpers, which use artificial intelligence methods in order to sketch and analyze basic data, as well as to predict stock market prices  via interactive TV final page. 
4.3
Software agents for feedback information
Interactive TV systems also serve as a basis for interactive feedback information in the global network. Since there are many ways to reach the information, and these ways are rarely structural, beginners need much more time to accomplish the same task than experts. The users usually require learning process, which provides them with the experience and knowledge during effective browsing (meta-knowledge). Successful browsers have consequences that particular research strategies identify as efficient. The second level of meta-knowledge helps to find specific data faster, in relation to direct browser of first level meta-knowledge basis. In literature we find different levels of approaches to problem of feedback information. In the most cases, backbone is made by decision-making system which possesses knowledge base with browsing algorithms, constructed by an expert in a special field. The feedback information of an intelligent media agent is subagent feedback.
4.4
Personal electronic programme guide
The part of intelligent media agent that is responsible for all tasks concerning films is called film subagent. There are three types of films in interactive TV systems: 1) linear; 2) interactive and 3) variable films.

Linear films represent form which is currently dominant. Also, they are most suitable for TV presentation and users are not able to influence it. There are two approaches for the confutation of TV programme review. The popular method is channel zipping, where users change programmes in order to see a programme which is currently being displayed. The alternative is Browser TV programme search, which contains data for programmes on TV channels. The example in the first part indicates how difficult is to look over the programme schedule completely, if the number of channels exceeds given value. In that case, browsing time is very long, in comparison to time today.

One solution of this problem is the system described in this paper: management or administration of information, using intelligent media agents, because of filtering useful information in order to reduce their number and to withhold them in the quantity of data which user can acquire. The main application is personal electronic programme guide, which contains only those programmes which are of interest for users. Intelligent media agent allows the description of requests and needs, converts them into personal profiles, and applies them on electronic programme guides. As a supplement to a simple off-line mode in which users specify their profiles, there is the mechanism of agent implementation for automatic generation of profile via observation of users' operations (i.e. changing the channel, duration of watching-time of specific programmes). Intelligent media agent uses that feedback to check its offers. For example, agent should automatically update profile if user mostly watches football matches and if he hasn't specified them in his personal profile. In that way, intelligent media agent will accomplish the optimization of TV guide. The second aspect of optimization comes with costs for specific channels and films. Users want to be familiar with costs for TV use, but don't want to be constantly asked: The following programme costs 10 cents, is that OK? Intelligent media agent is able to take care of user's monthly budget. User specifies maximal money limit he wants to spend. On the basis of personal interest and paying limit, intelligent media agent browses the channels and collects data, i.e. optimizes them according to specific TV guide.

The second task of film subagent is video optimization in “video on request” option. This option represents specific programme for presenting linear films, according to the principle of solution infiltration. Opening of one film on different channels is shifted for given number of minutes, depending on channel. User will determine the time of beginning in part for determining time.

That will enable user to survey sequences several times. Intelligent media agent for time optimization of display opening is used there. For example, if agent finds out that the time of displaying of a favourite film is X, and that Y wraps over that particular day, it will try to download the film X as early as it is possible, and the film Y, later on. The agent decides if it is possible for user to watch both films. The appearance of interactive films is expected with the appearance of the first generation of interactive TV systems. When time is predetermined, data occur in film sequences, so the user interactively decides which sequence he is going to watch. For example, it will depend on the user if hero will die (and film will be tragic), or if villain will die tragically (and film will have a happy ending). According to structure of the network for distribution of TV programme, there will exist a competition of personal opinions among the audience (multi-displaying network and displaying network), or the audience will be able to choose sequences separately (networks with possibility of displaying one programme). Of course, it can't be expected that the user will react every minute. In that way, subject matter and the sequence will be watched for a longer time, sequences will change after longer intervals, and choosing of sequences will be precise and careful. All that can be done via intelligent media agents. Intelligent media agent decreases number of sequences, because it makes irrelevant decisions on the behalf of the user. Active transfers are also possibility for interactive TV. In that case, users are those who direct events. They decide on the camera position, make interviews or demand audition. Similar to interactive films, users will not have to select programmes before they see events. They can choose to watch standard TV programme, or they can determine that intelligent media agent decides on minor decisions, and the users themselves can decide on other. 

Variable films or cyber vision, use advantages of virtual reality. This type of film is not expected in the following generation of interactive TV systems. Hereafter, it is expected that interactive TV systems or al least personal computers, have virtual videogames or films. Human beings dream of participating in adventures and actions, acting in films, as well as of becoming heroes. In that case, personalization is the most important. Scenes are created dynamically, on the basis of actor's reaction and behaviour.
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Conclusion
Agents are certainly not revolution in computer systems' development, but they are definitely on a higher evolution level than former methods. Area of autonomous agents and multi-agent systems are very diverse, and it is the area that expands quickly. Programme construction methodology, based on agents provides a number of efficient instruments and techniques, which have a potential to significantly advance software-making technique, starting from concept solution, up to concrete implementation. They represent junction of more scientific areas, such as: distributed data processing, object oriented systems, software engineering, artificial intelligence, economy, sociology, organizational sciences. During last two decades, significant number of improvements in design and implementation of autonomous agents has been discovered, as well as in method by which they get into interaction. Technology based on agents increasingly finds its implementation in commercial products and software which is used in real surroundings.

Most of the former applications were designed on the basis of methodologies borrowed from object oriented program languages. Currently, methodology which defines how to structure a multi-agent system, how to coordinate individual and/or collective goals of agents in mutual communication, or which is the best structure of individual agent in system like that does not exist. Development instruments which would enable simple defining of agent behaviour, the way in which agents get into interaction, as well as visualization and debugging of agents behaviour in a complete system are essential. During the construction of programme-based technology agents, a balance between constant interaction with user, which is case with most of applications today (unnecessary disturbing of users) and situation in which agents maintain decisions without consultation with user (their authorizations are too big) has to be found. In order to accept the idea of working with other agents, individual agents have to believe them first. It is beforehand necessary to establish mutual confidence, and this process can take time. As it can be seen from previous paragraphs, despite of obvious potential, numerous questions, which have to be further examined and developed, exist. By solving those problems, agents will find its implementation in many new fields. Only standardized, reliable, easily applicable and stable solutions will completely make use of the potential of agent based systems. Intelligent agents’ concept contains modeling of knowledge and behaviour, as well as the choice of operation plan. These are elements that have to be integrated in an intelligent agent, in order to make it autonomous in its actions and different from an ordinary computer program.
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