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Summary: Global competition and rapidly changing customer requirements are forcing major changes in the production styles and manufacturing strategies. Further, traditional, centralized and sequential mechanisms for process planning are insufficient to successfully respond to changing production styles and small volume production. Agent technologies are technologies that can meet this demands and possess characteristics that are used for the development and implementation of efficient distributed intelligent manufacturing systems.

Within this paper will be displayed the agent technology, traditional manufacturing systems, intelligent manufacturing systems, as well as their differences, and manufacturing system based on multi-agent technology.
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1. INTRODUCTION 
Production organization are today faced with a very challenging environment that consists of a dynamic and highly complex activities. However, there is still a need for more flexible and dynamic changes to help producers with the current demands of the market. The solution of these problems are intelligent manufacturing systems that achieve the required flexibility while increasing performance.
Historical progress of manufacturing systems shows several incursions, including distributed manufacturing system. Due to technological development, information technology and robotics, it is possible to design a manufacturing systems in different locations which works in an integrated manner.

Intelligent manufacturing systems put a lot effort to maintain the integrity and create the possibility of carrying out production in a distributed environment. Combining the advantages of intelligent and distributed manufacturing systems increases the degree of efficiency and productivity of manufacturing systems.

In addition, numerous technologies used in distributed and intelligent manufacturing systems in particular may be noted agent technology in order to solve the problems that occur with traditional manufacturing systems.

2. AGENT TECHNOLOGY
Carl Hewitt is first introduced the concept of agent technology in the early 70s, using a Distributed Artificial Intelligence – DAI, „Actor model“ where the actor represent computer agent that has E-mail and a specific behavior. Agents communicating through messages and implemented his actions at the same time. In recent years, agent technology is widely used in various branches of engineering, including the design and manufacturing of products. 
In addition term „agent - based“, which differ on the area of application. This can be explained by the fact of the presence multidisciplinary areas in scientific circles. As part of this work will be shown only those definitions that are relevant engineering applications. Namely, Westkamper, Ritter and Schaefier [1] considered agent as an autonomous unit in a complex interactive system for the process optimization and stabilization, intelligence, as well as opportunities for cooperation and coordination. Chan, Zhang and Li [2] defined the agent as an intelligent entity (real or virtual) that is able to reason independently, to adapt and make decisions in order to carry out some action on the basis of their ability, status, resources, knowledge and information on the outside in order to achieve the target or group of targets.
No matter in which field agents use must contain three basic components: knowledge base, coordinating unit, and part which relates to the solving problems. 

Depending on the agent structure, behavior and functionality, there are different types of agents that are applied, Figure 1. 
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Fig. 1 Different types of agents which used in design and manufacturing [3]
When talking about of the behavior of the agents, they can be classified as reactive, deliberative and hybrid agents. Reactive agents react in the event – action mode. A deliberative agents have domain knowledge and the necessary ability to plan, while the hybrid agent is a combination of reactive and deliberative. The combination of these two types can be used to overcome the weaknesses of individual approach.
When the agents are used in a manufacturing environment they are divided into logical and physical agents. The logical agent represents software while physically represents the hardware.

For agents to be effectively employed in an engineering problem, a number of agents need to work in a coherent way. This gives rise to a multi-agent system (MAS). An MAS can be defined [4] as a loosely coupled computer system structured by a group of interconnected autonomous agents across a computer network. Each of the agents in an MAS is independent of other agents in functions and logical relationships, and has the capabilities of planning, reasoning, decision making, learning, and executing activities by itself. However, as its knowledge, information, resources and skills are limited, it may unavoidably conflict with other agents in subtasks, plans, decisions and behavior. Because of this, these agents have to communicate, negotiate, coordinate, and cooperate with one another to share their knowledge, information, resources and skills, resolving their conflicts and reaching compromised or optimal global solutions.

Agents are connected via Internet/Intranet/LAN through which performs communication [5]. Interaction among agents is realized through messages. Messages may take the following forms: request, notification and response. Request are used to provide services, notification used to respond to requests, and the responses used for informing agents without the expected response. 

Internet, in this case represents an independent language, which is easily accessible and very popular to most of the population driven by information technologies such as Hypertext Transfer Protocol-HTP, Hypertext Markup Language-HTML, eXtensible Markup Language - XML and Java technologies. By means of these technologies, the agents provide people ability to exchange data.

The basic component for the development of a multi-agent system consists of programming languages. Such languages are called Agent-oriented programming languages and are used for development and implementation of systems based on agents. In order to simplify the development of multi-agent systems applied platforms among which the most famous JATLite and JADE. 

3. INTELLIGENT MANUFACTURING AND INTELLIGENT MANUFACTURING SYSTEMS
Since the 1990s, people have used modern tools and methods, and the latest research achievements in manufacturing. A new type of manufacturing technology and systems has developed. This is the Intelligent Manufacturing Technology - IMT and Intelligent Manufacturing Systems - IMS, which are collectively called Intelligent Manufacturing – IM [6]. 

3.1 CONCEPT AND CHARACTERISTICS OF INTELLIGENT MANUFACTURING  
There is no agreed definition about IM at the international level, however, this term means the use of manufacturing processes that can automatically adapt to changing environments and changing requirements of the process with the possibility of making different products with minimal operator supervision or the development and application of artificial intelligence technology in manufacturing.
IMS, Figure 2, make a man–machine intelligent system that is composed of smart machines and human experts, which can be a highly flexible and integrated approach using computer simulation intelligence activities of human expert to analyze, reason, judge, think and make decisions in the manufacturing process, thus replacing or extending part of the mental work, at the same time, collecting, storing, improving and sharing the inheritance and development of the intelligence of human experts. IMS transforms people’s intelligence activities into the intelligence activities of manufacturing machinery. 
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Fig. 2 Composition of IMS [6]
Here it is necessary to emphasize that the intelligent manufacturing systems vary from Computer Integrated Manufacturing Systems - CIMS. CIMS place emphasis on the integration of flow materials and information in an enterprise, while IMS place emphasis on self-organizing capacity of the entire manufacturing processes.

3.2 TRADITIONAL MANUFACTURING SYSTEMS
In order to understand IMS, it is necessary to review the traditional manufacturing systems and spot their differences. In traditional manufacturing systems, manufacturing systems receives inputs such as: raw material, knowledge, energy, human resources, etc., and transforms those into a set of outputs over several processes as shown in Figure 3. 
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Fig. 3 Components of traditional manufacturing systems [7]
Design: refers to the process of creating a development plan for a product, structure, system or component in such a way that specifications such as: shape, color, dimensions, material composition, quality characteristics, part combination, etc., are satisfied with minimum cost and time, and that several criteria such as simplification, complying with standards, reliability, maintainability, safety, etc., are assured. 
Process planning: covers the selection of processes, equipment and tooling, and the sequencing of operations required by the design process. 

Production planning and control: includes decisions on production and inventory quantities. 

Manufacturing: represents the transformation of input into relevant products through a number of processes, as designed accordance with the processes and production plans.

Quality management: is a systematic process that translates the quality strategy into measurable quality of facilities and requirements, and identify procedures for their implementation within a specified period of time.

Storing and shipment: aims to storage finished products or transport of products to the consumer.
3.3 CHANGES IN MANUFACTURING SYSTEMS
Changes in manufacturing systems, Figure 4, indicate the historical progress still continues. It is important for the companies and manufacturers to follow the changes in order to keep up with the technological progress and be capable of satisfying the expectations of the customers, which are mainly base upon the contemporary understandings. Due to several factors such as progress in technology, the nature of manufacturing systems has been changing from one form into another such as from manual systems to fully automated and autonomous systems. It is important to note that the changes are occurring more frequently than ever before. It is therefore not easy to follow up the changes as it was in the past. 
It is also important to realize that the progress in manufacturing systems is not only related to the machines and technology but also to several aspect including: manufacturing methods, environmental changes, managerial change and customer expectations and requirements. 
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Fig. 4 Changes and progresses in manufacturing systems [7]
3.4 INTELLIGENT MANUFACTURING SYSTEMS
Intelligent manufacturing systems are those utilizing artificial intelligence techniques for manufacturing activities. They can exhibit all characteristics of intelligent systems such as learning, reasoning, decision-making, etc. Also can utilize several artificial intelligence technologies in order to perform their intended functions. Intelligent manufacturing systems can be designed in such way that they can operate when is difficult to measure the outcomes, where frequent changes in operations are possible and when there are no available prior decisions about the system behavior [8].
Generally speaking, there are three approaches that can be implemented in the design of intelligent manufacturing systems, as follows:

· Artificial intelligence supported manufacturing systems
· Artificial intelligence integrated manufacturing systems and
· Totally intelligent manufacturing systems

3.4.1 ARTIFICIAL INTELLIGENCE SUPPORTED MANUFACTURING SYSTEMS
In this approach manufacturing systems are turned into or enriched with intelligent systems. All other components of the system work in the traditional manner and artificial intelligence support is provided only in one or more of those [7].
3.4.2 ARTIFICIAL INTELLIGENCE INTEGRATED MANUFACTURING SYSTEMS
In this approach, artificial intelligence and manufacturing systems are independent of each other but they can provide support to each other. In manufacturing systems, some activities such as creating design for a particular product may be outsourced. Intelligent systems and manufacturing systems may not be operating in the same location but need to be integrated for the sake of creating products in accordance with the objectives of the manufacturing systems [7]. 

3.4.3 TOTALLY INTELLIGENT MANUFACTURING SYSTEMS
In this approach, artificial intelligence is in the heart of manufacturing systems. It keeps the overall control of manufacturing functions and interacts with the operators wherever possible or needed. The basic characteristics of these systems is the ability to explain their own decisions [7]. 

4. AGENT-BASED MANUFACTURING SYSTEMS
In the manufacturing system, agent has two forms [6]: logic and physical agent. Logic agent commonly used in information integration, when physical agent commonly used in the integration of operation unit or material flow. Figure 5 shows a manufacturing system based on agents. The circular shape is represented by a physical agent and the oval shape is represented logically.
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Fig. 5 Agent-based manufacturing system [6]
Basic structure of agent in the manufacturing environment is shown in Figure 6. The agent in an intelligent manufacturing environment is composed of an agent-based distributed manufacturing environment by communication network, that is, a multi-agent system structure, Figure 7. 
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Fig. 7 Multi-agent system structure [6]

	Fig. 6 Basic structure of agent in manufacturing environment [6]
	


The use of agent technology in order to create a manufacturing system based on multi-agents is shown in Figure 8.
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Fig. 8 Multi-agent manufacturing system structure [6]
Agent technology also successfully applied in Holonic Manufacturing Systems - HMS incurred development of IMS, which represent the next generation of manufacturing systems.

5. CONCLUSION
On the basis of the present can be concluded that systems based on multi-agents compared with traditional systems offer several advantages, including:

· Distributed performing tasks improves the efficiency and reliability of the system which accelerating company response to the market demands 

· Open architecture makes distributed system adaptable and easy expansion, which increases the overall agility of the system. In the developed systems it is possible to add additional agents who will carry out a certain type of tasks and

· Systems based on agents provide a platform for collaborative participation in product development 

Agent technology is still considered as a technology „nice to have“ by manufacturer, although it seems that they are still very far away from technology „must have“. 
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