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Abstract: This paper presents a model for cooperative multi-agents that interact in a closed environment, i.e., an 
environment where the rules are well known by the agents and do not change dynamically. In a 
computational environment where several different software agents share resources to reach their goals, the 
occurrence of conflicts is inevitable. Therefore it is of highest importance to have an efficient mechanism to 
solve such conflicts. While other models in the literature present solutions for conflict resolution based on 
centralized and distributed algorithms, our proposal is to solve the conflicts in a hierarchical manner. The 
proposed model is based on the application of Social Laws and it was inspired by the theory of Jean Jacques 
Rousseau’s Social Contract, being denominated Tri-Coord Model, that is, of Triple Coordination. We 
implemented a prototype based on the Tri-Coord Model, and applied to the task of oil and gas process 
floorplan design in a petroleum off-shore platform. In that domain the project is divided in several sub-
systems, with an agent being responsible for each sub-system. Our experiments indicate that the Tri-Coord 
Model can indeed yield a better performance in the development of a project. First, because it decreases the 
interruptions for accomplishment of meetings to solve conflicts related to customization of sub-system’s 
parameters. Second, because it removes the bottleneck associated to a centralized model for conflict 
resolution. Third, because through the regulator environment of Tri-Coord the agents behavior  can be 
controlled implicitly by the environment. In that way the agents learn how to interact correctly and the 
independence between the environment and the agents turns the system more flexible.   

 

1. INTRODUCTION 

In a computational environment where two or 
more software agents coexist, conflicts have a great 
probability of happening, once the shared resources 
are scarce and the intersection among agents’ goals 
is not necessarily empty. In order to maintain the 
environment stable and reach the agents’goals, we 
should provide mechanisms of resolution of 
conflicts. Among the main methods for resolution of 
conflicts we have: (1) the monitoring of the 
environment by imposing a resolution, through a 
referee's decision (computational or not), 
[Vivacqua,97]; (2) through direct negotiation among 
the parts (agents) involved, [Kraus,97]; (3) through 
the human agent's intervention; or (4) through 

environmental rules, [Shoham,96], that, starting 
from the identification of a conflict, fire procedures 
for its resolution. This last alternative requires pre-
defined and explicit laws to drive the agents' 
behavior in the environment in order to minimize the 
need of agents controllers (humans or 
computational), and turning the environment auto-
regulated avoiding the conflicts or automatically 
solving them.   

The focus of the present work is in cooperative 
multi-agent systems and our proposed model seeks 
improving the process of resolution of conflicts by 
establishing a middle-term solution between the 
centralized alternative (that unavoidably would 
cause contention on a single agent) and the totally 
distributed alternative that allows free negotiation 
among the parts (that incurs a high computational 
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cost). The proposed Model is based on the paradigm 
of the Social Laws and it tries to create an 
environment auto-regulator for the resolution of the 
conflicts.   

Making an analogy with the human society we 
can map the people as agents and the external world 
with the environment. Our social organization is 
sustained because we have coexistence laws that 
guarantee the balance of the society as a whole. All 
people know the laws and the coexistence rules, 
which are presupposed that everybody will obey. 
There are control mechanisms that monitor the 
hundreds of thousands of possible interactions, as 
well as judgment mechanisms to solve impasse 
situations and that forms the society government’s 
structure. In our modern society government's 
powers are separate in three different institutions and 
that work harmonically and independently: the 
Legislative Power, that creates the laws; the 
Executive Power, that monitors the application of 
the laws and the Judiciary Power that judges and 
punishes the offenders of the laws.   

Our proposal consists of importing mechanisms 
of control of our society to build an auto-regulator 
environment where the agents can coexist. In that 
proposal, we present a model, Tri-Coord, for 
Multiagents in closed environments that  use the 
political-government organization of our society, 
that is, the structure of the Tri-partition of the 
Powers. The Tri-Coord Model is based on the 
existence of three special agents:   

a) Executive-agent - responsible for the 
management and monitoring of the environment. He 
assists and authorizes services in the environment 
(could be from the simple exchange of information, 
until the access to computational resources shared 
according to degrees of priorities).   

b) Legislative-agent - responsible for the 
elaboration of the social laws applied to the agents. 
He builds the laws through the interaction with the 
users, through the exchange of information with 
other societies or still through a process of Data 
Mining in an existing database.   

c) Judiciary-agent - responsible for arbitration 
when the conflict persists or leads to dead-locks.   

Our objective is to approach Rousseau’s theory 
of the eighteen century when he formulated the 
Theory of the Tri-partition of the Powers, that is, a 
society (of agents), fair (agents would always 
respect the rules, otherwise they would be punished) 
and dynamic in relation to the time (new rules would 
always be added to assist new demands). 

We implemented a prototype of the Tri-Coord 
model and applied to the oil and gas process 
floorplan design of petroleum off-shore platforms. 

Our experiments indicate that Tri-Coord can indeed 
speed up the development of projects, since it 
reduces the interruptions for accomplishments  of 
meetings to solve conflicts, and removes the 
bottleneck that exists in models that adopt totally 
centralized approaches to solve conflicts. 

This paper is organised as follows. Section 2 
presents the Tri-Coord  Model, describing its main 
components. Section 3 presents an implementation 
of the model applied to the oil and gas process 
floorplan design in platforms off-shore of petroleum. 
Finally, section 4 highlights the results obtained and 
analyzes the advantages and disadvantages of Tri-
Coord related to other approaches.   

2. ARCHITECTURE OF TRI-
COORD MODEL 

In this section, we present the main components 
of the Tri-Coord Model and their interaction. As 
illustrated in Figure 1, the communication base is a 
blackboard structure that contains the information to 
be accessed or modified. A blackboard is an 
architecture that allows the integration of modules or 
individual programs in an single and integrated 
application [Hayes-Roth,95]. In the Tri-Coord 
Model the blackboard guarantees a dynamic 
environment of interaction among the agents.   

As the interactions occur, they are automatically 
inserted in the blackboard that, by its turn,  is 
monitored by special agents that will take the 
appropriate actions. These special agents have 
specific functions in the resolution of the conflicts. 
The task of applying a sanction belongs to the 
Executive Agent. The judgement of pending 
situations is responsibility of the Judiciary Agent. 
The update of the group of rules and Social Laws is 
responsibility of the Legislative Agent.   

We can observe in figure 1 that the task agents 
interact with the environment through the 
blackboard structure, which registers its actions and 
sends eventual sanctions to the agents offenders.   

The Executive Agent reads the status of task 
agents and in agreement with the Base of Cases of 
Social Laws fires a possible sanction.   

The Judiciary Agent reads the status of task 
agents and intervenes in pre-established situations, 
using a Base of Cases of Social Laws and a Base of 
Cases of Strategies of resolution of conflicts to make 
decisions.   

Finally, the Legislative Agent receives a history 
of the conflicts happened and updates the Base of 
Cases of Strategies of resolution of conflicts.   
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Figure 1:  The Tri-Coord Model 

 

3. A DOMAIN OF APPLICATION 
OF TRI-COORD MODEL 

The Tri-Coord Model was applied to the task of 
project of floorplan design of oil and gas process in 
a off-shore platform of petroleum. In that domain the 
project is divided in several sub-systems, being each 
agent responsible for each sub-system.   

S-Tri-Coord is a decentralized implementation of 
a multi-agent system, based on the Tri-Coord model. 
Its main goal is to improve the treatment of conflicts 
among several agents in an open environment, over 
other systems proposed in the literature. In S-Tri-
Coord, each agent represents a designer responsible 
for specifying a certain part of an engineering 
project. In that way, when entering in a project, an 
agent should identify and select the parameters that 
it will use in the specification of its system. Such 
parameters can be new parameters or parameters 
already used/modified by other agents. We consider 
that the name given to a parameter and their its 
corresponding actual meaning is of common 
knowledge to the community that shares the same 
computational environment. In that way the system 
would not have problems in recognizing that: 
“SeparTemper" and  “Separation Temperature" refer 
to the same physical measure. There are no limits to 
the number of participating agents (which is a 
characteristic of an open system) what allows the 
use of the model in an environment as the Internet. 
After "entering in a project" each agent's objective it 
will be to conclude the customization of the 
parameters that needs (interacting or not with other 
agents) in order to obtain an output list (usually a list 

of equipments or of dependent output parameters of 
the specified input parameters). The interaction 
agent versus agent and agent versus environment is 
set whenever a conflict happens and actions will be 
taken in the sense of solving such conflicts driving 
to a satisfactory situation for all the participant 
agents of the project.   

4. CONCLUSION 
In this work, we proposed and implemented a 

multi-agent system, based on Social Laws and 
influenced by the Triple Power Coordination. Our 
model, Tri-Coord, is composed of four kinds of 
agents: task agents, Executive agents, Legislative 
agents and Judiciary agents. All agents interact with 
each other through a blackboard. Our 
implementation, S-Tri_Coord, based on the Tri-
Coord model, indicates that Tri-Coord can improve 
the development of projects. We applied S-Tri-
Coord to the project of oil and gas process floorplan 
design in petroleum off-shore platforms. The 
advantages presented by the Tri-Coord Model in 
relation to other models for treatment of interaction 
of software agents reside in the fact that Tri-Coord 
provides a regulator structure of the environment 
that is independent of the behavioral characteristics 
of the task agents. Most models in the literature 
[Lyons, 96] [Rich, 98] [Sichman, 98] [Webber, 96] 
focuses in the behavioral property of the task agents 
with the objective of improving the performance in 
the resolution of a specific task. However such 
approach limits the performance of the agents to 
specific domains (computational environments).   
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Another positive characteristic of the Tri-Coord 
Model is that it does not employ any centralized 
mechanism for managing or monitoring, as in the 
case of the model MutiADD [Vivacqua, 97] that 
unavoidably generates bottlenecks.   

As future works we can mention: the expansion 
of the Legislative Agent's structure through the 
incorporation of mechanisms for automatic updating 
of the group of Social Laws and the reduction of the 
human agent's intervention. Another aspect to be 
approached refers to an optimization in the sanctions 
criteria with the addition of structures and 
mechanisms that reward agents that, through its 
actions, contribute to the final objective. In a 
cooperative environment this award could be, for 
example, an increase of computational resources to 
the agents. The aspects communication and 
cooperation can also be object of a deepened study, 
by collecting relevant information about the 
implementation domain in order to optimize 
message passing and quality of information. The 
Tri-Coord Model does not allow the direct 
communication among agents, but observation of 
actual situations of the project studied indicated that  
such characteristic, added to the Model, would lead 
to an optimization of the cooperative work. A last 
topic related to future works is the incorporation of 
mechanisms of prevention of conflicts based in the 
history of previous projects on the sense of 
minimizing the occurrence of future conflicts. In that 
sense emphasis would be given to preventive rules, 
i.e., rules that try to avoid conflicts.   

Finally, we believe that the Tri-Coord model will 
allow the treatment of cooperative, and competitive 
environments as well as environments with high 
degree of anarchy among the agents. The constant 
update of the group of Social Laws, by the 
Legislative agent, facilitates the dynamic adaptation 
of the environment in function of the current 
situation or of the tasks accomplished currently. The 
preservation of the order in the environment is 
achieved through the regulation mechanism and 
sanction penalty imposed by the Executive agent. 
Finally the conflicts that were not solved by the 
Executive agent will always be solved by the 
Judiciary agent. Therefore, no agent will be 
overloaded of tasks and  will have conditions of 
answering to the eventual conflicts in satisfactory 
time.   

We believe that the Tri-Coord  Model presents a 
solution for cooperative multi-agent systems that is 
independent of specific characteristics of the task 
agents, because it provides an effective mechanism 
to the resolution of conflicts, besides supervision, 
regulation and control of the task agents, added to an 
auto-learning mechanism in the sense of providing a 

dynamic adaptation of the environment in function 
of the current actions and processes.   
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