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1. Abstract  
Multiagent systems (MAS) have been used to solve classes of problems for which one has limited expertise to propose a feasible 
solution. Usually, these problems are intrinsically distributed, very complex and/or involve extensive computations. We are 
particularly interested in multiagents systems supporting Computer-Supported Cooperative Work (CSCW), more specifically 
groupware with a focus on Distributed Engineering Design.  
One of the problems that is not very much explored in such applications is conflict resolution. This paper presents a Model for 
Conflict Resolution in Multiagent systems applied to groupware. Our work assumes that there is no general conflict resolution 
method suitable to any agents´ interaction situation. However conflicts can be detected and classified according to a set of attributes, 
and conflict resolution methods can be applied to suggest adequate mapping between conflicts and resolutions.  
Several works in the literature propose dynamic choice of the most appropriate strategy to solve conflicts taking into consideration: 
the nature of the conflict, the current organizational laws and preferential solutions. Our proposal, the Tri-Coord+ Model,  enhances 
other works in the literature by adding two novelties: (1) a differentiated approach that takes into account the development of 
engineering designs, and (2) re-utilization of cases and strategies used in the design. Tri-Coord+ is an extension of Tri-Coord, a 
model for conflict resolution in multiagent systems based and inspired on Charles de Montesquieu's Three Powers of State.  
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3. Introduction 
Computer-Supported Cooperative Work (CSCW) has as main objective to provide computational tools that facilitates human 
interaction, in order to increase the potential of working groups to accomplish common tasks [01]. Recently, we have seen an 
increasingly number of multimedia and multi-platform environments available to groups of people  to perform individual or common 
tasks, allowing the integration between human interaction and information processing. Computational systems with these 
characteristics fall in the CSCW class, and in many cases join specialists of several multidisciplinar areas, particularly, Social and 
Computer Sciences. Amongst the diverse classes of CSCW problems, we are interested in the class of applications restricted to a 
working group with a well defined and specific purpose, that has the ability of helping the working group in communication, 
collaboration, and coordination activities. 
  
Working groups with these characteristics are the subject of study of groupware applications. These support various strategies and 
implementation models. One very popular paradigm used to implement solutions for working groups is Multi-Agent Systems (MAS). 
MAS are suitable to work in dynamic and complex environments, supporting distributed tasks, and keeping agents’ autonomy. 
However, using MAS in groupware applications is not a trivial task. The individual agents need to be coordinated and, depending on 
the kind of task to be executed, different types of conflicts may occur [02], [03], [04].  
 
Our work proposes a model for conflict resolution in MAS with application to distributed engineering design. The flow of work of 
the several specialists and the various product development phases in engineering design are approached in a special manner by our 
model. We assume that there is no general conflict resolution method suitable to any agents´ interaction situation [05],[06],[07],[08] e 
[09]. However conflicts can be detected and classified according to a set of attributes, as well as we can use conflict resolution 
methods that suggest the adequate mapping between conflicts and resolutions. Several works in the literature propose dynamic choice 
of the most appropriate strategy to solve conflicts taking into consideration: the nature of the conflict, the current organizational laws 
and preferential solutions [05]. 
 
Our proposal, the Tri-Coord+ Model,  enhances other works in the literature by adding two novelties: (1) a differentiated approach 
that takes into account the development of engineering designs, and (2) re-utilization of cases and strategies used in the design. Tri-
Coord+ is an extension of Tri-Coord [17], a model for conflict resolution in multiagent systems based and inspired on Charles de 
Montesquieu's Three Powers of State  [19]. 
 
Our application domain is an off-shore petrol platform. This is a very complex application that involves a variety of systems, 
variables and people.  
Our paper is organized as follows. In Secton 2 we present the state-of-the-art of MAS applied to groupware tasks. In Section 3 we 
present our Tri-Coord+ model. In Section 4 we apply our model to an application whose scenario is the off-shore petrol platform 



 
 

design. Finally, in our last section we draw our conclusions. 
 
4. Related work  (stage of the art ) 
Our objective is to optimize interactions between agents in Mulit-Agent Systems applied to Distributed Engineering design. 
Therefore, we are interested in cognitive MAS and their respective techniques and paradigms.  
 
Among the techniques presented in the literature we are particularly interested in the ones oriented to environments with high degrees 
of interaction among the agents, and whose agents have high degree of individual knowledge (a task of groupware applied to 
Distributed Engineering design requires such characteristics [01]).  
   
In that domain there are mainly two research streams: the application of concepts of Social sciences in MAS [10], [11], and the use of 
specific strategies depending on the type of conflict [09], [05].   
 
Several researchers have been studying the concepts of Social sciences in the context of MAS [10], [12], [13]. Such works 
concentrate on producing ontologies to describe concepts of Social sciences when applied in MAS. In [14] the concept of the agents' 
social responsibility is proposed. In [10] the concept of normative agent, that is, agents capable to recognize, to adopt and to follow 
norms, is presented. Our model incorporates several social structures in the organization of the agents’ community. 
Few works have applied the utilization of specific strategies to solve conflicts depending on their type. Usually, such strategies 
require a previous classification of the types of conflicts that may occur in the application. 
Nadda [09] presents two classes of conflicts that can occur in a Distributed Engineering Design application: 
 

a) Conflicts between the design and its requirements: the design developed by an engineer does not satisfy the corresponding 
design requirements. 

 
b) Divergences among some participants of the design group with respect to parameters. Such conflicts originate from 

problems caused by the used strategies and propositions posed by the designers.    
   
In our proposal we just approach the second conflict type since we assume that the designer agents follow strictly the project initial 
specifications.   
   
Another work based on previous classification of conflicts is presented in [05]. The approach suggested for the choice of a certain 
architecture or strategy is to classify the types of conflicts that can happen in a MAS, and then to choose the most appropriate 
strategy to solve the conflict. 
 
As we believe that there is no single, general solution to treat every type of conflict in MAS that presents satisfactory results in any 
situation or domain [10], our proposal is based on Liu et al’s work [05]. They propose the dynamic choice of the most appropriate 
strategy for conflict resolution in MAS.   
   
A Multi-Agent system can be seen as a group of independent entities, interacting amongst themselves with the intention of reaching a 
common objective. Due to the agents' limited knowledge, shortage of resources and factors  inherent to the domain of the application, 
the occurrence of conflicts among the agents is inevitable. Therefore the existence of an efficient mechanism of detection and 
resolution of conflicts is vital for the good performance of a MAS.   
 
Taking into account that conflicts are of different nature, they can be classified, and a suitable strategy,  that considers peculiarities of 
the conflict, can present more satisfactory results than a more generic strategy. Liu et al’s proposal [05] it is that agents can 
dynamically select a suitable conflict resolution strategy taking into account: the nature of the conflict, the current organizational 
laws and preferential solutions.   
   
No que concerne à aplicação da abordagem proposta por [05] no domínio de aplicação da Engenharia Concorrente ou a um Projeto 
de Engenharia Distribuído alguns aspectos inerentes ao domínio de um projeto de engenharia não são contemplados. 
The Tri-Coord+ model presented in the next section aims at conjugating both ideas presented here: the use of concepts of Social 
sciences in MAS and the choice of the strategy type in function of the type of conflict detected. 
 
5. A Model of Social Structures applied to MAS: TriCoord+  (methodology) 
 
Tri-Coord+ is an extension of the Tri-Coord model [17],[18] that relies on a triple coordination mechanism, inspired on the Three 
Powers of State.  We expect Tri-Coord+ to work on closed environments and become a viable and potential solution to administrate 
conflicts in MAS applied to groupware tasks.  
Tri-Coord+ assumes that there is not a single  strategy for conflict resolution suitable to every situation in MAS. However conflicts 
can be classified and the use of a specific strategy in function of the conflict type can drive to more satisfactory results [05].    
Tri-Coord+ maintains the same main  structure presented by Tri-Coord [17]. We have “normal” task agents and Special Agents: 
Executive, Legislative and Judiciary, in analogy to the Theory of the Three Powers of Charles de Montesquieu [19]. Figure 1 shows 
the architecture of Tri-Coord+.   
As shown in Figure 1, Tri-Coord+ maintains a blackboard structure by which information is accessed or modified. However the task 
agents can also directly communicate amongst themselves, if necessary, to solve conflicts without the need of a special agent's 
intervention [20].  



 
 

 
We will discuss in more detail our proposed model describing agents, the environment and agents interactions.   
 
Tri-Coord+ consists of four types of agents: task agents, Executive Agent, Legislative Agent and Judiciary Agent. 
   
The Task Agent works on the user’s behalf with a specific objective. The Executive Agent is the responsible for the immediate 
administration of the conflicts and the communication of sanctions or decisions to the agents.   
 

 
 
       
In the Tri-Coord+ model the Executive Agent has a more complex structure, which allows the implementation of the most 
appropriate strategy depending on the type of conflict detected. The Executive Agent is composed  of:   
   
a) Module of Detection: responsible for identifying the type of conflict and choosing the most appropriate resolution strategy;   
b) Module of Resolution: implements the several strategies available in the Database of Strategies for Conflict Resolution. For 

each new strategy added to the Database, the respective Module of Resolution should be made available. Among the strategies 
that can be available we can have: Mechanisms of Voting [21], Election [22], Auction [23], etc.   

c) Module of Answer: is responsible for the output of the generated answer.   
d) Database of Strategies for Conflict Resolution and Types of Conflicts: this keeps a record of strategies depending on the conflict 

type.   
   
The Judiciary Agent is responsible for settling pending conflicts that can not be resolved by the Executive Agent. In general, it 
resorts to an audience process where all of the involved agents are summoned for a synchronous communication in order to settle the 
conflict.   
 
In the Tri-Coord+ model the Judiciary Agent also has a more complex structure and is composed of the following modules:   
 
a) Court of Small Causes: responsible for solving conflicts not resolved by the Executive Agent and that have a lower level of 

priority and importance.   
b) Court of first Instance: responsible for solving conflicts of higher degree of priority and importance.   
c) Court of second Instance: responsible for settling the possible rejections, by some agent, of the solutions given by the Court of 

first Instance.   
   
The Legislative Agent is responsible for the maintenance and update of the group of laws and rules used in the environment. It is 
constantly observing the environment in order  to incorporate new rules that attend the current agents needs.   
 
In Tri-Coord+  the Legislative Agent has two modules, in contrast to the single module of Tri-Coord:   
 
a) Module of Interface to allow Human Computer  Interaction;  
b) Module Data Mining to allow the inference of new rules based on the Reports of previous Projects.   
   

Figure 1 



 
 

Tri-Coord+ can be characterized as being an environment:   
• Multi-agent - because it allows multiple agents' interaction;   
• Dynamic - because while an agent is acting the environment can be modified through actions different from the agent's 

behavior;   
• Cooperative - because they aim at reaching  a common final objective. 

 
The structures that integrate the Tri-Coord+ environment are:   
 
• Database of Social Laws   
• Database of Sanctions (it is part of the Social      
• Laws database)   
• Database of norms and guidelines for resolution of conflicts   
• Database of strategies of resolution of conflicts   
• Database of reports of previous projects   
Blackboard with the agents' current state  strategies, most suitable for each type of conflict detected.   
 
The Database of reports of previous projects contains information related to parameters and specifications of projects already 
completed.   
 
The Blackboard is a database that contains information about the global agents’ state. Each agent has access to every piece of 
information produced by every other agent through this data structure. For example, agents can know if conflicts are happening and 
which kind of solutions are being applied. The use of a structure like Blackboard is very common in MAS [24] and even in MAS 
applied to Distributed Engineering Design[25].   
 
The Tri-Coord+ model implements the strategy presented by [05], where conflicts have a differentiated treatment depending on their 
type. However, Tri-Coord+ presents inovations with respect to the CSCW applicatio  domain.  
Two aspects not approached by [05] and included in the Tri-Coord+ model are: 

a) the implementation of a mechanism for revision of conflict resolution (which corresponds to the revision phase in the 
engineering project, and to an instance of the Judiciary agent in the Tri-Coord+ model)  

b) the implementation of a mechanism for dynamic update of the knowledge base (which corresponds to re-utilization of 
solutions obtained for initial specifications in posterior specifications of the project, and to the Legislative agent in the Tri-
Coord+ model). 

A groupware task, specially a Distributed Engineering Project very rarely presents a linear evolution till its conclusion. Threrefore, a 
solution adopted to a given conflict in an initial phase of the project may need to be revised in a posterior phase. The Judiciary agent 
is the responsible for this task.  
The second aspect related to dynamic knowledge base, which allows that solutions adopted in an initial phase can be used in 
posterior phases is the task of the Legistlative agent. 
 
6. Application and Validation of Tri-Coord+ (stage of research) 
 
Tri-Coord+ will be applied to the task of off-shore petroleum platform project design. In that task the final project is the result of 
several projects in different engineering areas: Structures, Naval, Civil, Electric, Processes, Safety, Environmental, among others. 
Each one of those projects can be sub-divided in several systems, with an engineering designer  responsible for each system (for 
instance, the plan design of  Oil and Gas Processing is, in general, sub-divided in 19 sub-systems). 
   
The proposed Model is an extension of the Tri-Coord architecture [17] which integrates several task agents (engineering designers), 
each one with the task of specifying and planning a series of parameters related to a determined task. The set of all systems 
constitutes the global specification of a petroleum platform, in terms of parameters values for the several equipments that it 
composes.   
 
What is expected from each engineering designer is that he/she concludes the specifications of his/her sub-system without being in 
conflict or with pending tasks with other designers. Every designer also has to attend the project’s time constraints and foreseen 
budget. The conclusion of all of the sub-systems will automatically result in the general conclusion of the petroleum platform project 
or, in other words, in obtaining the goal-state.   
 
The Tri-Coord+'s implementation is a decentralized proposal of MAS with the objective of optimizing the treatment of conflicts 
among several agents in an open environment. Each agent represents an engineering designer responsible for specifying determined 
parts of an engineering project. Therefore, when "entering in a project", an agent needs to identify itself, and select the parameters 
that will be used in the specification of its subsystem. Such parameters can be new or can be parameters already used by other agents.  
 
After "entering in a project", each agent’s objective is to conclude the planning of the parameters that it needs (interacting or not with 
other agents) in order to obtain an output list (usually a list of equipments or of output parameters dependent on the input parameters 
specified). The interaction agent versus agent and agent versus environment can occur whenever a conflict happens. Actions will be 
taken to solve such conflicts leading to a satisfactory situation for all of the participant agents of the project.   
 



 
 

An engineering system with the described characteristics and implemented using the MAS paradigm requires a robust structure for 
conflict resolution because the interactions between agents can be frequent and complex.  
  
Another fact to be considered in an engineering project is that an agent (designer) should be capable to identify (and to decide) 
situations where divergence of values not necessarily generate conflicts. In those situations the agent has to decide if the value that it 
wants to register is compatible with the value computed by other agent. If such values are compatible then the conflict does not exist, 
although the values are not identical. This means that the detection of conflicts needs to be more complex than simply checking 
equality of parameter values.  
 
In that context, the Tri-Coord+ model makes available a structure of several levels for resolution of conflicts. This structure is robust, 
in the sense that it could treat any type of conflict, and flexible because the Legislative Agent is continually updated in function of the 
Report of Previous Projects.   
 
In order to test our ideas and validate the Tri-Coord+ model in actual projects of distributed engineering, we developed a prototype 
implementation (STRI+). 
 
STRI+ aims at automating the various activities of engineers during the project design in a concurrent and distributed way. STRI+ 
automatically interconnects processes, producing a quick response to conflits, and consequently, reducing the total project execution 
time. Besides, STRI+ helps to solve divergence between project engineers, and to produce reliable project reports. 
 
We believe that an organization will benefit from STRI+ by: 
 

● speeding up its services; 

● providing confidentiality for maintainining and updating its data; 

● providing a working environment less error-prone; 

● a better and general control of the organization workflow. 
 
STRI+ has a record of all project specifications with a dynamic monitoring of all phases and products through the special agents of 
the Tri-Coord+ model. 
 
Figure 2 shows the initial screen of STRI+. In this screen, the engineer can start and initialize a session and choose the project to be 
specified. 
 

 
 
 
After choosing the desired module/project, the engineer is taken to a second screen (shown in Figure 3), where can start the 
initialization of parameters under his/her responsibility. Notice that this step can be done simultaneously by several engineers. 
 

Figure 2 



 
 

 
 
 
 
When a conflict is detected because of conflicting inputs of different engineers, the special agents module is triggered and sends 
messages to all agents involved in the conflict. The first level of conflict is handled by the Executive agent that chooses its resolution 
strategy depending on the kind of conflict.  
The blackboard module is used to inspect the occurrence and actions taken to solve the conflicts during the project execution. 
 
The special agents, Executive and Legislative provide a user interface only to monitor the actions.  
 
The Judiciary agent has a interface allows the interaction between the engineers involved in the conflict and the intervention of a 
manager or supervisor, whose responsibility is to judge the conflict and, if necessary, attend any engineer recourse request. 
 
STRI+ was used to simulate detection and treatment of conflicts related to parameter specification of several off-shore platform 
designs of the Petrobras Research Center, in Brazil (Diretoria de Projetos do Centro de Pesquisas Leopoldo  A . Miguez da Petrobras 
(Cenpes)). 
 
Currently, off-shore projects in Cenpes are developed using various kinds of software that are not integrated and only emit alerts 
when a conflict occurs. They do not provide any way of handling or solving the conflicts. 
 
Whenever a conflict occurs, the engineers involved in the project, need to solve it manually, many times resorting to direct meetings 
and negotiations. These meetings can easily beat the 300 mark (including informal meetings) during the typical duration of a project, 
which is around 6 months.  
 
Besides the high number of meetings, these projects lack standards for variable naming, which may cause the same measurement unit 
to be identified with different variable names in the several sub-systems of an off-shore petrol platform. 
   
Although all projects are stored for future reference, there is no automatic way of retrieving old solutions to solve current similar 
conflict resolutions. 
 
The suite of strategies used by STRI+ was obtained after a “brain-storm” of the engineers´ team. They focused on conflicts generated 
by parameter specification, as this seems to be the most common source of conflicts in the initial phase of these kinds of projects. 
Some strategies were identified and labeled with a degree of utilization priority according to the history of the projects.  
 
The following is a strategy identified and its respective algorithm that defines a set of actions to be taken when a conflict occurs. This 
is one of the strategies implemented in STRI+.  
 
Strategy 1: Resolution of conflicts related to parameter specification – priority I 
Type of conflct: objective  

1) After identifying the conflict, emit an alert to all involved engineers and wait until N sessions (each session is defined as a 
period of action of an engineer since the login to the system until regular logout or during a determined time interval T).  If 
the conflict persists, identify the number of  affected modules (num_modules);  

2) If num_modules < N_MIN then apply the constraint relaxation rule; 
3) Otherwise promote a voting among the involved engineers. 

 
Each instance of a strategy takes into account the average values of the measurements involved in the database of cases of the 
project, adjusted by the production factor of the platform (IFP), where IFP = capacity of production / capacity of the average 
production of the database of cases. This way, N (number of sessions) is calculated as: 
 
N = Navg * IFP 
 
Similarly, T (time interval) can be calculated as:  

Figure 3 



 
 

 
T = Tavg * IFP 
 
Finally, N_MIN (minimum number of modules) is: 
 
N_MIN = N_MINavg * IFP 
 
For the experiments we performed: 
 
N = 5 * 0.85 = 4,25 � N = 4  
T = 36 * 0.85 = 30,6 � T = 30 (hours) 
N_MIN = 4 * 0.85 = 3,4 � N_MIN = 3 (modules) 
 
We studied 10 project histories with their calculations and records of meetings performed. According to the available information 
and its quality, we selected three of them to reproduce under the control of STRI+.  
 
 
The development of a petrol offshore platform project can be divided in 5 great areas: Electrical, Instrumentation, Security, Naval 
and Process. As we are interested in evaluating conflict resolution related to parameter specification and this is mostly done in the 
Process area, we chose it to reproduce using STRI+. The Process area yields the specification of around 160 different equipments, 
from which 20% has a common interface to one or more coupled equipments. This gives us 32 equipments, whose specification can 
produce some type of conflict, due to divergences among engineers specifications. From this set of equipments, we selected 9 
(around 30%), which are the main responsible for the parameter specification divergence among the projects studied. 
 
For each selected parameter, we identified all possible values that parameter could take during the project and its final value given by 
the engineers after resolving the conflict.   
 
After that, for each project, we performed a simulation of the project using the parameters specified by the engineers. We considered 
as basic strategy the one previously mentioned. The utilization of this simple, but rather powerful strategy, allowed the project to 
terminate with values very close to the actual values in 82.4% of the simulated cases (with a variation of 5%), with no human 
intervention, and therefore in much less time and with less cost than the original projects.  
 
Therefore, STRI+ proved to be a good alternative to the development of distributed engineering projects providing a solution within 
a time frame shorter than the original projects, with less costs, less human intervention and a good level of standardization. 
 
7. Conclusion and Future Works  (expected outcome) 
 
The use of social structures as a strategy for the administration of Multi-Agent Systems (MAS) has been a technique broadly used in 
applications based in MAS [03], [10], [26]. Another widespread technique used to solve conflicts in MAS is to dynamically choose 
the suitable strategy according to the type of conflict detected [09], [05].   
Applications of MAS in Projects of Distributed Engineering, typical cases of groupware tasks or CSCW applied to Engineering, are 
examples of classes of applications where the detection and resolution of conflicts is essential for the success of the goal-task. 
 
The problem focused in the present work concerns the interaction environment among agents. We propose a model for treatment of 
the interactions among cooperative agents. We seek to provide a larger autonomy of the agents as well as an optimization in the 
treatment of eventual conflicts during the execution of a cooperative work among multiple agents.   
 
Our proposal is an extension of the Tri-Coord model [17], that aids the task of conflict resolution in closed environments, with 
multiple agents, that is, environments where the laws or interaction rules, behavior and performance are well defined in the 
environment. This model is based on the application of Social Laws [27] and was inspired on the Charles de Montesquieu's Three 
Powers of State. [19]. 
.    
Tri-Coord+ seeks to overcome some of the limitations of Tri-Coord, by incorporating to the model two novelties: (1) a dynamic and 
flexible choice of strategies according to the type of conflict detected, and (2) allowing to update the laws based on previous reports 
of other similar projects. The starting point of Tri_coord+ is the work developed by [05] which assumes a previous classification of 
the conflicts for subsequent use of the most appropriate conflict resolution strategy to the type of conflict.   
 
The choice of the strategy for conflict resolution according to a previous classification of the conflicts is also the base of the work of 
[10], which proposes a classification of conflicts based on abstract and concrete conflicts organized in a lattice. The top part of the 
lattice hierarchy corresponds to more abstract conflicts, while the bottom part corresponds to more concrete conflicts. The 
corresponding strategies are also organized  in a hierarchy and if a given selected strategy fails, a new strategy of more generic 
category is chosen.   
 
Various resolution strategies such as the ones proposed in [28] and [29] can be used, since Tri-Coord+ can dynamically choose the 
most suitable resolution strategy according to the kind of conflict. 
 



 
 

Tri-Coord+ presents solutions to cope with the  limitations of its predecessor, Tri-Coord, and of the model proposed by [05], by 
adding new mechanisms for treatment of conflicts. More specifically, Tri-Coord+ applies: 
 
• A differentiated treatment of conflicts adapted to the cycle of development of an engineering project;   
• Reuse of cases and strategies already used in other projects, or in other phases of the same project. 
 
   
Tri-Coord+ uses three special agents, based on the Tri-Coord model agents: Executive agent, Legislative Agent and Judiciary Agent 
with competence to act in the environment whenever they are required.    
  
The Tri-Coord+ architecture allows that the BD of Social Laws is organized, initially, in agreement with the peculiarities of the 
project to be executed, allowing the use of rules of character preventive, restrictive or punitive. The organization of an initial group of 
rules with emphasis in the preventive character tends to minimize the occurrence of conflicts and consequently to optimize the 
performance of the system.    
 
The advantages presented by the Tri-Coord+ model related to other models for treatment of interactions of computational agents 
reside in the fact that the same provides a regulatory structure of the computational environment  independent on the task agents' 
behavior characteristics. The great majority of models in the literarture focuses on improving the performance of an agent to solve a 
specific task. However such approach limits the performance of the agents to a computational environment strictly connected to the 
behavioral properties reproduced by the agent.  
 
Another positive characteristic of the Tri-Coord+ model is that its approach is completely decentralized, which avoids the well-
known computational bottlenecks of centralized systems.  
 
Most works related to conflict resolution in MAS applied to distributed engineering design does not take into account the type of 
conflict or only provide services to improve the efficiency of the MAS [30],[31],[32]. 
 
The strategy based on Social Laws [27], the basis for this work, does not add computational bottlenecks to the MAS, since it is 
implemented in a distributed way. However it has some limitations such as lack of mechanisms to update and revise the social rules 
and exception handling. These limitations may require human intervention in the context of a distributed engineering project. 
 
The strategy adopted in [32] minimizes human intervention, but resorts to several methods of conflict resolution until the conflict is 
solved. This may consume more time, since the methods are not chosen dynamically according to the type of conflict and its score 
obtained from a case-based study. 
 
The strategy adopted in [05] is the one that yields better results in MAS applied to Distributed Engineering Design, and this is the 
main reason for being chosen as the basis for this work. The utilization of a suite of different strategies for conflict resolution is 
adequate to our application and we believe that this will be applicable to even more complex distributed engineering design 
problems, as we implement a mechanism to update and revise the base of cases dynamically and provide ways for project revision. 
Concluding, we can say that Tri-coord+ brings the following advantages: it is independent of the computational agent; it allows 
monitoring and evaluation of the chosen strategies; it is flexible and dynamic when choosing the best strategy to solve a conflict from 
a suite of available strategies; it minimizes human intervention; it reduces time and cost of distributed engineering designs [33], as 
verified in experiments performed with STRI+, a prototype of Tri-Coord+, in the Petrobrás Research Center, in Brazil.  
 
Results of this experiment reached solutions very close to the ones available in logs of previous projects (with a variation of 5%) 
within a much shorter time frame, cost and much better precision.  
 
As main contributions of this work, specially the prototype STRI+, we can mention:  
• It will allow the analysis of more sophisticated techniques for interaction between agents; 
• It will allow the expansion of research on cooperative environments.  
 
Finally, we would like to mention that the Tri-Coord+ model is suitable no only for cooperative and competitive environments, but 
also it can be used in completely anarchic environments. The continous update of the Social Laws allows dynamic adaptation to the 
environment according to the situation. At the same time, the model guarantees the order and organization of the environment 
through the mechanisms of auditing and sanctions imposed by the special executive agent.  
 
We believe that the Tri-Coord+ model is sufficiently general as it provides control and monitoring of the agents, solving conflicts 
based on case-based studies. As it is dynamic, it can adapt to the environment and is capable of self-learning. 
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