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ABSTRACT

Trends in the last decade of the past century such as rapid development of IT technology and market globalisation have put the customer in the centre position, dictating conditions regarding the products/services. These conditions are: multi-variant product, higher quality of products and services, shorter lead times and, naturally lower product price. The need for implementation of new organizational structures that would comply with conditions regarding the distribution and decentralization has for some time been a topic of interest of many research institutions and industrial subjects. A research team working at the University of Split is investigating new forms of co-operation, particularly the virtual enterprise approach, and tools used in its implementation and optimisation. This paper describes the process of modelling a virtual enterprise using the agent technology. 
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1. INTRODUCTION

The product life cycle has lately been drastically shortened, whereas its complexity and number of variations as well as transition from mass to serial and even individual production (Mass Customisation) have increased [1]. While in mass production for unknown buyers production resources define the product that leads to marketing plan and final buyers, in contemporary, agile production process it is quite the opposite. Current market competitions where buyers and the corresponding teams work together, common resources are used and the solution that satisfies the buyers’ needs is achieved. Switching from product-oriented market to the market oriented to the buyer’s needs is every day more and more present [2].

Non-flexible production structures can no longer survive on the market, since they can react to changes only with a big time lag, or, in other words, they cannot act - they can only react.  It is necessary to restructure the existing factories that are still mainly organized according to Taylor principle. One of possible restructuring actions is the introduction of new cooperation forms like virtual enterprise. 

In design and optimisation of a virtual enterprise, agents are being used more and more frequently. The agent technology modelling of virtual enterprise approach is presented in this paper. 

2. VIRTUAL ENTERPRISE ORGANIZATION 
During the last decade of the past century many organization approaches have been introduced:

· e-Commerce is a general name for a process of ordering products and/or services by means of Internet;

· Extended Enterprise (EE), involved entities have/develop longer relationship, thus sharing technological and strategic efforts, but a supplied one has a more dominant position than a supplier;  

· Supply Chain Management (SCM) can be characterized with the basic customer/supplier relationship, distribution of tasks and technological competences, but with risks and strategies being centralized; 

· Virtual Enterprise (VE) is a highly dynamic organization, in which does not exists difference between supplier and customer and none of them being in a dominant position.

It is clear from VE definition that if applying the virtual enterprise concept, enterprises-members of such an organization, retain their independence. Also, it can be stated that the investments of each member are much lower than in the case of supply chain integration. In this latter case, enterprises willing to enter such organization need to adjust their business and software architectures in order to become compatible with their customers. Rapid configuration of a business network exploiting an emerged market opportunity is the main characteristic of the virtual enterprise concept. The problem of rapid configuration of virtual enterprise can be efficiently solved with the use of agent technology. When applying the agent technology in virtual enterprises the basic condition is presence of some kind of static platform (passive virtual enterprise) and a dynamic platform (active virtual enterprise). Both platforms are described here. 

2.1. Static platform
Static platform consists of legally and economically independent enterprises that are positioned in a relative proximity. Each enterprise in the platform is represented with its unique set of competences (core competences). The platform is called as static because enterprises remain in it for indefinite time period.

A static platform is responsible for:

· interface with customers,

· constant creation and development of its competences,

· platform marketing,

· development of legal frames for profit and risk distribution,

· development of mutual trust between enterprises, platform members, and creation of team work atmosphere.

2.2. Dynamic platform

Dynamic platform represents an active virtual enterprise. It arises from the static platform (Fig. 1.) and only lasts during the project duration (order realization). Dynamic platform configuration depends upon the project specifics and it need not necessarily be an optimal configuration, but only the best one existing at a moment.

An appropriate dynamic platform must efficiently respond to the following:

· inter-entity co-ordination and communication,

· conflict resolution,

· clustering,

· control and monitoring,

· real-time platform adjustment.
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Fig. 1 Dynamic and Static platforms
Notions related to the Fig. 1.
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Because of request for decentralization and distribution of the decision making process, which is the basic premise of the virtual enterprise concept, agent technology represents a quality tool in the dynamic platform configuration. In order to truly justify the use of agent technology in the process of virtual enterprise modelling, we should introduce the concept of an agent.  

3. AGENT
The most precise definition of the agent is [3]:

"... a hardware or (more usually) software-based computer system that enjoys the following properties: 

· autonomy: agents operate without the direct intervention of humans or others, and have some kind of control over their actions and internal state; 

· social ability: agents interact with other agents (and possibly humans) via some kind of agent-communication language; 

· reactivity: agents perceive their environment, (which may be the physical world, a user via a graphical user interface, a collection of other agents, the Internet, or perhaps all of these combined), and respond in a timely fashion to changes that occur in it; 

· pro-activeness: agents do not simply act in response to their environment, they are able to exhibit goal-directed behaviour by taking the initiative."

Though it is clear from the above definition that an agent can be characterized as a software entity, it is important to emphasise the difference between an (ordinary( computer program and an agent. Each agent is a computer program but not each computer program is an agent.

Quite often agents are confused with objects or considered as a natural extension of objects. The term (object( however, depends on domain of discourse. Among the domains in which the term is used, four are of interest to us:

· Artificial Intelligence (objects are used to represent the world);

· Programming Languages (object-oriented programming paradigm);

· Data Bases (objects are used to organize data and to permit organized access);

· Operating Systems (objects are used due to their modularity and capability of distributing computation over several machines).

One of the obvious differences between objects (developed using object-oriented paradigm) and agents lie in the way of their communication [4]. In object-oriented programming, an object can only interpret and act upon a message defined in its class (message is the name of the method implemented in this class). Agents in a multi-agent system, on the other hand, will have a common Agent Communication Language (ACL) in which they communicate with each other [5].

4. VIRTUAL ENTERPRISE AS MULTI-AGENT SYSTEM
This paper represents the process of dynamic platform configuration with a use of simple scenario. The concept of multi-agent system developed as support in the process of dynamic platform configuration is completely consistent with the stated issues regarding the static and dynamic platforms. The process of forming a multi-agent system that can respond to project specific needs is consisted of the two phases (Fig. 2.). In phase 1 (Fig. 3.), based on the query received from a customer dynamic platform consisting of enterprises with required competences is configured. Regarding the answer received from the customer about the project proposal, the process continues with phase 2 (Fig. 4.), i.e. results in customer's withdrawal. The whole process is presented in the form of a block diagram. The following agent types are identified:

Broker Agent (BA) represents the interface of multi-agent system to a customer. On the basis of data received from an applet in the virtual enterprise web page, BA starts with the process of dynamic platform configuration.

Enterprise Agent (EA) advocates an enterprise in the static platform. Its implementation depends on competences of enterprise it represents. Each EA has a direct access to the database of a virtual enterprise. On the basis of the project proposal received from BA, EA submits the counter-proposal, as received from its SA. 

Scheduling Agent (SA) is an entity that is primarily concerned with operational activities on an enterprise level. This agent has access to the enterprise database and it is also capable for the task decomposition. By decomposing a task it identifies the main operations. For those operations it submits a call for proposals (cfp) to RA agents. It chooses the best of the received offers and sends it to EA. 

Resource-Agent (RA) can encapsulate a hardware or software entity. RA can be used to represent: machines, tools, fixtures, raw materials, products and software. Modelled in such a way as to represent a resource, it can access an enterprise database in which information regarding the resource (future availability) is stored. With this information at hand it can submit its offer to SA for the particular operation.

Knowledge-Agent (KA) is an agent that must posses knowledge about the task decomposition similar to SA, but on a higher level (tactical level). Knowledge needed to decompose a task is of level that represents minimum data needed by OS to identify competences for sub-tasks. KA sends this list of competences received from OS to BA, which can now couple the respective competences with the enterprises in the static platform.

Ontology-Server (OS) is an entity that does not represent the agent. As its name says, it serves as the virtual enterprise ontology server. Its only duty is to respond on a query received from KA about the competences needed for a project. E.g., on the basis on its knowledge from task decomposition domain, KA performs the task decomposition. Among other sub-tasks regarding that project let there exists the sub-task (product packing(. KA sends the query about the competences needed for processing that sub-task to OS. OS knows what the (product packing( sub-task means so it can easily identify necessary competences which, in turn sends to KA in the form of list.
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Fig. 2 Two-phase process in a virtual enterprise configuration

Depending on the customer's response the process could be continued according to the following (Fig. 2.) 

· customer completely withdraws its proposal,

· customer demands a new offer (phase 1),

· customer accepts the offer (phase 2).

When routing the process in to phase 2 the following agents are identified: 

Project-Agent (PA) due to its knowledge from the project management domain runs, co-ordinates and monitors the whole process. PA would be directly in contact with the involved EA, AA and NA. The role of PA would be fine tuning and further optimisation of the project that could be accomplished in communication with the involved EA. EA will acquire the necessary data from the respective SA and RA agents. Among the above mentioned roles of PA would also be: conflict resolution, finding appropriate substitution for an enterprise withdrawal, etc. It is also of importance to note that as an EA could be involved in many projects simultaneously so PA can manage many projects in a similar way. 

Auditor-Agent (AA) represents an independent enterprise or a person engaged by a customer to monitor the project realization. AA would submit every deviation from the agreement to the PA and inform its customer about it.

Network-Agent (NA) is responsible for storing every major event occurring during the project realization (planned and non-planned event) to the virtual enterprise database, which could be of use for the future projects. These events could be for example: machine breakdowns, average machine operational times, the use of some specific procedures or methods in problem resolution, etc. Also NA would serve as some kind of yellow page agent.


[image: image8.emf]Virtual Enterprise's

Data-Base

Virtual Enterprise

interface (HTML,applet)

BA receives a project

proposal from an applet

BA starts forming a

dynamic platform for the

proposed project

Project exists

True

False

Project "m" with respected

configuration:

m j m m

E E E

, , 2 , 1

,..., ,

BA sends a cfp to

enterprises

Enterprises

j

E E E ,..., ,

2 1

send cfp to

j

SA SA SA ,..., ,

2 1

BA receives proposals from

enterprises

j

E E E ,..., ,

2 1

BA delivers the project

proposal to KA

KA decomposes

the proposed project

KA receives from OS a

list of needed project

competences

Ontology Server

Virtual Enterprise

Data-Base

KA receives from virtual

enterprise data base a

list of enterprises with

needed competences

BA evaluates the

received proposals

BA decides about the

dynamic configuration

Customer

e-mail with the proposal

KA sends the results

received from OS and

data base to BA

BA couples the results

received from KA

(i.e.competence-enterp)


Fig. 3 Phase 1 – Dynamic platform configuration
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Fig. 4 Phase 2 – Project management

5. CONCLUSIONS

A virtual enterprise modelling with the use of agent technology is described in this paper. By means of the given example the process of virtual enterprise functioning and agent identification is introduced. From the example it can be concluded:

· there exists a great resemblance between agent technology and virtual enterprise regarding their characteristics of distribution, autonomy and intelligence,

· through rapid dynamic platform configuration (phase 1) the sub-optimal solution may be achieved but it has  the advantage of fast response to the emerged market opportunity,

· the basic premise of the virtual enterprise, i.e. autonomy of its members is preserved,

· assuming that the needed prerequisites which route the process to the phase 2 are realized, the further process optimisation is achieved by using the suitably designed agents (PA, AA and NA).

Although the agent technology and the virtual enterprise concepts are both in their infancy, it is evident that their use is justified.

It is the intention of this paper to present current and future efforts involved in research of the virtual enterprise concept by the Department of Industrial Engineering team. Future work could be summarized as follows:

· on the basis of the identified agents presented in this work we are planning the development of the software blueprint of the system  which would be consistent with  specifics of agent paradigm [6] and [7],

· the system will be implemented from the software blueprint using the JADE platform [8],

· the developed system will be tested and simulated.

Also it would be appropriate to note the need for developing simulation methods for this kind of systems in the future. Experiences gained from the team involvement in the AgentCities project [9] would be of use regarding this issue. 
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