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Abstract: A cooperative system represents a system where different users or agents work together at the
same project from different locations. The cooperative systems came from the distributed applications
family and they are distinguish because the actors from the system work together to realize the same pur-
pose. Agent technology has been recognized as an important approach for developing distributed intelli-
gent design and manufacturing systems. They represent a new way of analyzing, designing, and imple-
menting complex software systems. In this paper, we will present the main steps and the main elements
needed for designing a cooperative system, and we will describe the main types of agents that we can use

in the implementation of distributed systems.
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1. INTRODUCTION

In today economy context, concurrency, specializa-
tion and product diversification enterprises must respond
promptly to the market demands to sustain their activi-
ties. In these conditions the enterprises consider collabo-
ration with others to realize the product development in
short time, with a lower cost, a short delivery time and a
product that satisfy the client demand. Actual tend is to
realize multidisciplinary cooperative systems for collabo-
ration in real time between all professions involved in
product development at the enterprise level. This col-
laborative environment actually constitutes a virtual en-
terprise [2].

Distributed and collaborative systems represent a new
paradigm, and constitute a new interdisciplinary field
between economic, computer, cybernetics, psychological
and management field.

From the activity cooperative time perspective we
have:

e real time communication;

e asynchronous time communication.

From the users place perspective communication can
be from:

e single locations (face to face) - user are in the
same place;
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Fig. 1. Exchange the information in the cooperative system.

o different locations (distributed) - users cooperates
from different geographic locations.

Agents that work in a cooperative system have access
to common files, can exchange information (Fig. 1) and
verify the project evolution [3].

2. COOPERATIVE SYSTEM DESIGN

The design of a cooperative system (Fig. 2) should
start from:

e activities type;

o the number of the partners involved in the project;

e a better knowledge about de technologies needed
in the system and their implementation;

o the infrastructure and the relation with the outside
the system partners;

e what techniques and methods will be used in the
system,

e cost of design, realization, maintenance and de-
velopment of the system;

e lifecycle time of the product.

Next elements must be accomplished for the tech-
nologies and product integration:

e to realize a good communication and synchro-
nization;
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Fig. 2. Cooperative system design.
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Fig. 3. Essential question put by organizations before they
join to a virtual enterprise.

e opening to new technologies and methods;
e previous verification of potential risks;
e to be able to realize a lower cost and to reduce

e focused to client’s demands;

e methods, information and instruments integration;

e systems able to support collaborative environ-
ments;

e ceducation and personal training have an important
role;

Some questions must be put before a company will
join to a virtual enterprise based on cooperative system
(Fig. 3):

Why? - a final purpose must be specified, a final
product focused to client’s demands.

What? - what products and technologies should be
involved in the process.

How? - the organization strategies, the methods used
for the final purpose realization .

Who? - from the beginning all the future partners and
their responsibilities in the project should be known.

When? - when the alliance and main activities start
and end.

Where? - the location of each actor from the project
and the interaction methods with the group.

All the partners from the virtual enterprise should an-
swer to the following questions:

e What methods should we use to realize new and
innovative product?

e How the workflow can be accelerated?

e How can we make a better product with a lower
cost?

e How can be sure we will be first on the market
with this product?

e How can we prevent the delays in fabrication?

3. AGENT TECHNOLOGY

Agent technology involves building complex applica-
tions from autonomous, interacting components. It is
particularly suitable for modelling, large-scale distributed
simulations, analyzing complex systems, and improving
and optimizing their behaviour. It can be perceived as a
modelling paradigm, a problem-solving paradigm, or a
software-engineering paradigm.

In agent-based programming, the agent is the basic
element of distribution. Each agent serves as an inde-
pendent component with its own local state and execu-

tion model. The agent designer can choose to assign a
particular set of functionalities to an agent, specify the
types of events and messages the agent may invoke or
respond to, and implement those triggers and/or re-
sponses. In building an agent-based system, each agent
behaves independently, interacts with other agents
through the events and messages that are communicated
from one agent to another.[8]

People involved in agent research have offered a va-
riety of definitions, each hoping to explain the use of the
agent. They define the agent from their point of view and
from their domain perspective.

The AIMA Agent: “an agent is anything that can be
viewed as perceiving its environment through sensors
and acting upon that environment through effectors.”’[6]
This definition depend what the environment, the percep-
tion and the action mean. If the environment just assures
the in-put and the out-put of an agent we can say that any
program can be an agent, and this is not true.

The MuBot Agent:” the term agent is used to repre-
sent two orthogonal concepts. The first is the agent's abil-
ity for autonomous execution. The second is the agent's
ability to perform domain oriented reasoning.” This defi-
nition comes with an important property of agents:
autonomy, and also talk about the main purpose that the
agent must realize, but the author doesn’t mention any-
thing about the environment.

The KidSim Agent: “we define an agent as a persis-
tent software entity dedicated to a specific purpose. Per-
sistent distinguishes agents from subroutines; agents
have their own ideas about how to accomplish tasks,
their own agendas. Special purpose distinguishes them
from entire multifunction applications; agents are typi-
cally much smaller.” In this definition the authors try to
explain the differences between an agent and a usual
program. Also they insist on the purpose approach when
they define the agent.

We can say that the agent is a computer program that
acts autonomously on behalf of a person or organization.
Each agent has its own thread of execution so that it can
perform tasks on its own initiative. When an agent trav-
els, it transports its state and code with it. In this context,
the agent state can be either its execution state, or the
agent attribute values that help it determine what to do
when it resumes execution at its destination.

4. AGENT’S CHARACTERISTICS

Agents have also other characteristics [9]:

e autonomy: agents operate without the direct inter-
vention of humans or others, and have some kind of con-
trol over their actions and internal state;

e 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;

e pro-activeness: agents do not simply act in re-
sponse to their environment, they are able to exhibit
goal-directed behaviour by taking the initiative;

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



e mobility: the agent is able to transport itself from
one machine to another;

e coordination;

e communication;

e cooperation.

Intelligent agents must have:

e knowledge: “Agent A knows that his environment
is instable”;

e convictions: “Agent A decide to do action x be-
cause he knows that this is the right way for the purpose
realization;

e purpose: “Agent A wish to obtain y information”;

e intention: “Agent A wish to move on the server
B”;

e choices: “Agent A choose to move on server B
and not on server C”;

e commitment: “Agent A continues to do action x
until he will realize the purpose given by the user”.

5. AGENT’S OBJECTIVES

Figure 4 presents the main steps that an agent must do
to realize the purpose gave by the user. First the agent
must recognize this new objective received from the user.
Also he will search for information in his environment
and will interrogate the user for additionally date. When
he has all the information needed he will evaluate the
opportunities of purpose realization and will decide to
follow the right alternative.

In this process the agent will negotiate with other
agents from his environment because these agents can
contribute to the main purpose realization or perhaps
they have the same objective.

After accomplishing these steps the agent must take
the final decision: which alternative is the best, faster and
cheaper. After the purpose completion, the agent gener-
ates a report to the user with all the information from all
the steps that he passed.
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Fig. 4. Agent objectives.

If the objective is successful realized he will report
the way of doing this, the cost and time. If he failed in
the object realization, the agent must specify the cause of
failure.

6. AGENTS TYPES USED IN
COOPERATIVE SYSTEMS

When we decide to use agent technology for a coop-
erative system implementation first we must study the
main types of agents that are necessary in the system.
Next we will present some types of agents that we can
use in a common distributed system.

The user agent main task is to guide the user to use
the system at his best performances. For example a cos-
tumer make a request in the system, this agent will help
the user to make all necessary steps to accomplish the
request.

Interface agents main task is to adapt the information
from the application in a format that can be understood
by the user or his personal agent. They are autonomous
and utilize learning to perform tasks for their users. This
class of agent is also used to implement assistants,
guides, memory aids, and filters; perform matchmaking
and referrals; or buy and sell on behalf of the user.

In a design system agents must assure the communi-
cation, cooperation and to improve coordination for the
actors involved in the system. They have to allow to all
actors to change information and because in such sys-
tems are involved actors from different domains, they
need to be able to take decisions, to cooperate and to
negotiate the relations between these actors.

An agent that will realize a software version check is
useful in the system. He must be able to offer some solu-
tions to prevent the appearance of errors, losing informa-
tion and he must keep records about all the activities
from the system.

For example agent A ask to process a part on M1 ma-
chine, if our agent will have all the information he can
tell to agent A that the part will be process faster and
chipper on M2 machine. Or an error example: agent A
asks to acquire a tool-machine, but the task is impossible
to realize because the price is too high for this depart-
ment budged and our agent have to prevent that. To pre-
vent the errors is an important task because these errors
can stop all the process and will delay the delivery time.

In the system we must have agents for machine and
robots control. These agents have all machines or robots
information, the types of parts that can be machined, the
process time and cost, the material and tools needed.
Also they will know a tool is damaged and need to be
replaced.

For example, when a problem needs to be solved the
agent will follow a totem-pole. First the agent will check
the general condition of machine. He will check if the
agent which controls the energy system had cut the en-
ergy to our equipment and if is true will ask the reason.
He also will check the tool if is damaged or worn and
need to be replaced. In this case he will send a note to the
agent that manages the store department to deliver a new
one. Also he will gather information about the causes of
damage.



An agent that manages the delivery system is needed.
He will have all the information about the products, de-
livery times and costumers. He must be able to check on
the Internet: the roads condition, the weather, traffic and
he will decide which way is the best for delivery.

Also an agent that will manage all the agents that
have responsibilities in the manufacturing department is
useful. For example he can decide to replace equipment
E1 with a new one E2 to continue the production in good
condition. Some problems can appear. First he will check
if the new equipment can be placed in the department
(maybe is too big), he can decide to put it between E3
and E4 for the best process optimization etc.

Many other types of agents can be involved in the
system. For example: a security agent that manages the
inputs and the outputs of other agents in the system, co-
ordination agents, auxiliary agents etc. [5].

7. THE ADVANTAGES OF COOPERATIVE
SYSTEMS

The advantages of using cooperative systems are:

e a good intellectual property protection, because
the organization gives to the partners just the information
needed

e a lower cost for infrastructure adaptation to pro-
ject and costumers demands;

e a good flexibility;

e Dbetter relation inside the organization;

e access to the date base is made by security levels
according to the partners importance, his implication in
the project and the type of information demanded;

e gives a workflow automation level proper to the
company demands;

e gives access to all web services, and also for the
teams that work in a distributed environment;

e must be able to keep the standards for operation
systems and for information security;

e allow real-time interaction and visualization for
the partners that realize a lower cost and reduce time for
the product development;

e gives the same interface to all actors involved that
allow communication, organization and collaboration.

8. DOMAINS AND APPLICATION

Agent technologies are suitable for domains where:

e highly complex problems need to be solved or
highly complex systems to be controlled;

e the information required for solving problems or
controlling systems is distributed and is not available
centrally, because:

e it is distributed geographically;

e the agents do not want to share it;

e in domains with dynamically changing environ-
ment and problem specification;

e different pieces of software need to be integrated
in a run time and in the design times.

Possible application:

e manufacturing: planning highly complex produc-
tion, control of dynamic, unpredictable and unstable
processes, diagnostics, repair, reconfiguration and re-
planning;

e virtual enterprises: forming business alliances,
forming long-term/short-term deals, managing supply
chains;

e internet agents: mainly for intelligent shopping
and auctioning, information retrieval and searching, re-
mote access to information and remote system control

[7].
9. CONCLUSIONS

Agent technology represents a new way of analyzing,
designing, and implementing complex software systems.
Using this information we intend to realize a distributed
system architecture supporting the exchange of informa-
tion and the sharing of knowledge between actors, in
order to study the agent interaction and analyze their be-
haviour in this system.

In the future we intend to realize a cooperative sys-
tem architecture supporting the exchange of information
and first we will focus on agents for manufacturing de-
partment (agents for machine and robots control).
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