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Multi-agent systems technology is starting to break out of universities and research labs and is beginning to be used to solve real-world problems in a range of industrial and commercial applications.  Fielded applications already exist and new real-world prototype systems are being developed at a steady rate. To date, applications have been reported in the following areas: process control, manufacturing, air traffic control, telecommunication systems, office automation, information filtering and gathering, electronic commerce, business process management, medical applications, and entertainment applications (see [Chaib-draa, 1995; Jennings and Wooldridge, 1997; Parunak, 1998] for a more detailed review of these systems). Although these applications  cover a diverse array of domains, they often exhibit a number of common characteristics:

1)  the systems operate in open environments which are subject to unpredictable changes and which exhibit a high degree of uncertainty,

2)  there is an inherent distribution of problem solving resources or capabilities,

3)  there is a  need to combine multiple problem solving methods (see e.g., [Huberman et al, 1997]), 

4)   there is a  need to simultaneously protect and use private information.

This first wave of applications demonstrates that multi-agent systems are a useful and powerful software technology. This is true even though most of the implemented systems tend to use techniques which are towards the simpler end those reported in the literature. These applications show that the conception of multiple, autonomous problem solvers interacting in various ways to achieve individual and system goals is a useful software engineering abstraction (just as objects and abstract data types are). The abstraction is useful to the extent that it enables software engineers to do more or to do things more cheaply. An analysis of the aforementioned applications shows that developers usually claim one (or more) of the following as the benefit of adopting a multi-agent approach:

1)  it makes new types of applications viable;

2)  it reduces the risk in attempting to build large, complex systems; or

3)  it provides a more natural means of modelling applications.

However, these developments also show that designing and building multi-agent systems is difficult. They have all the problems associated with building traditional distributed, concurrent systems, and have the additional difficulties which arise from having flexible and sophisticated interactions between autonomous problem solving components. For these reasons, most extant multi-agent system applications are built by, or in consultation with, designers and developers who are themselves active in the multi-agent systems research community. Whilst this may suffice for a niche software technology, we feel multi-agent tools and techniques have the potential to be far more ubiquitous than this. Indeed, we firmly believe that multi-agent technology has the potential to enter the mainstream of software engineering solutions (in the same way that object-oriented technology has). However for this to occur, it must be possible for professional software engineers to design and build multi-agent systems. The big question then becomes one of how this is achieved.

At this time, there are two major technical impediments to the widespread adoption of multi-agent systems technology
:

· the lack of a systematic methodology enabling designers to clearly specify and structure their applications as multi-agent systems;

· the lack of widely available industrial-strength multi-agent system toolkits;

The former means that most extant applications have been designed in a fairly ad hoc manner - either by borrowing a methodology (typically an object-oriented one) and trying to shoe-horn it to the multi-agent context or by working without a methodology and designing the system based on intuition and past experience. Clearly this situation is unsatisfactory. What is required is a systematic means of analysing the problem, of working out how it can be best structured as a multi-agent system, and then determining how the individual agents can be structured.

The latter impediment means that most multi-agent system projects expend significant development effort building up basic infrastructure before the main thrust of agent and inter-agent development can commence. Again, this is an unsustainable position. The position can be alleviated to a certain extent by exploiting existing technologies (such as CORBA) as and where appropriate - rather than re-inventing the wheel as often happens at the moment. However, we believe that still greater support is needed for  the process of building agent-level features. Thus, a toolkit (or a flexible set of tools) is required, providing facilities for: specifying an agent's problem solving behaviour, specifying how and when agents should interact, and visualising and debugging the problem solving behaviour of the agents and of the entire system.

In summary, we feel multi-agent systems have a great deal to offer as a software solution technology. This view is reflected by the large number of organisations who are actively involved in research and development in this area. However, if multi-agent system technology is to reach its full potential and become part of the mainstream of software engineering, then work on developing methodologies and toolkits is paramount. Moreover, the time frame within which this must happen is comparatively short (possibly less than five years), because after this time it will be difficult to maintain the momentum which has currently built up and other methods will have likely become de facto standards making the adoption of multi-agent techniques more difficult.
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� A further major impediment to the development of open multi-agent systems  is the lack of standards for basic agent features like agent-level communication, and agent-level brokering and directory services.





