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Abstract. The need for achieving consensus in group decision making problems is
a common and sometimes necessary task in a myriad of social and business envi-
ronments. Different consensus reaching processes have been proposed in the lit-
erature to achieve agreement among a group of experts. Initially, such processes
were guided by a human moderator, but afterwards, some proposals to facilitate
such a process arose by automating the moderator tasks. However, not many con-
sensus support systems have been developed so far, due to the difficulty to man-
age intelligent tasks and cope with the negotiation process involved in consensus.
This paper aims to present an initial prototype of an automatic consensus support
system, developed by using the multi-agent paradigm that provides intelligent
tools and capacities to tackle the inherent complexity found in this problem. To do
so, we focus on the consensus model considered, the multi-agent architecture de-
signed to develop such a system, and the ontology used for reasoning and commu-
nication tasks.

1 Introduction

In group decision making problems (GDM), two or more experts try to reach a
common solution about a decision problem. Traditionally, these problems have
been solved performing a selection process where the best alternative/s is/are cho-
sen as the solution, without taking into account any previous agreement among
experts [9]. This often leads to situations where some experts may consider that
their individual opinion has not been taken into account, and therefore they dis-
agree with the achieved solution [19]. To avoid such situations, the idea of carry-
ing out a consensus process prior to the selection process emerged, so that experts
express and discuss their preferences to make them closer to each other with the
aim of reaching a high level of agreement before making the decision [15]. The
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consensus process has typically been coordinated by a human moderator, who is
responsible for process supervision and evaluation of the level of agreement
achieved in each consensus round. Regarding the automation of consensus reach-
ing processes (in order to perform them without human supervision), some models
have been proposed [11,16], but not so many have been finally developed.

Intelligent agents are software entities capable of carrying out actions in an
autonomous way to achieve one or more aims, reasoning about acquired knowl-
edge and exchanging information with other agents and/or the environment. In
most contexts and problems, different agents, each one with its specific role and
behaviours, must be identified, thus establishing a multi-agent system (MAS).
Applications for MAS include areas such as planning [8], industry [1] and, more
recently, works related to web services [21].

By considering the aforementioned problem and statements, this contribution
aims to present a multi-agent system to support consensus processes (COMAS).
This system automates and guides consensus processes by means of a set of dif-
ferent intelligent agents that manage, supervise and control them. This paper is
organized as follows: in the next Section, we briefly review consensus GDM prob-
lems in general and show the theoretical consensus model used by COMAS in
particular. In Section 3, we then describe the MAS architecture of our system.
Section 4 briefly describes the ontology employed for agent communication. Sec-
tion 5 shows an example of the system’s performance, and finally, in Section 6
some conclusions and future works are drawn.

2 Consensus Model Description

Group decision-making (GDM) problems may be defined as decision situations
where [16]:

1. There is a decision problem to be solved, where a solution must be chosen
among a set of alternatives X = {x,,x,,...,X,/.

2. Two or more experts E = e, e,,...,e,} participate, having each one his own
opinions about the set of alternatives X that the problem considers.

3. Experts try to achieve a common solution.

The process for reaching a solution in GDM problems consists of two steps [18]:

e Aggregation phase, that combines the experts’ preferences.
e Exploitation phase, to obtain an alternative or subset of alternatives as the
problem’s solution.

The above selection process does not necessarily imply any agreement among the
experts, therefore the solution might not be accepted by some of them if they con-
sider that their preferences have not been taken into account in the process [2]. In
order to increase the agreement among them, an extra phase is introduced, the
consensus phase.
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A consensus reaching process consists in a discussion process where a group of

experts try to achieve an agreement, supported by a human moderator. Many theo-
retical consensus models have been proposed in the literature [3.,4,5,6,12,13]. Fig-
ure 1 shows the consensus model implemented by COMAS, based on the main
ideas of the models presented in [10,11,16].
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Fig. 1 Consensus reaching model employed in COMAS

Consensus reaching process is seen as an iterative process, where experts provide
their preferences about the set of alternatives when each discussion round begins.
A brief description of each phase is shown below:

1.

Gathering information. Experts provide their opinions to the moderator, by
means of structures called preference relations, which consist of one matrix by
expert P;, where each element p;* represents the degree of preference on the al-
ternative x; over x; according to the expert e;.

. Computing consensus degree. The moderator computes the level of agree-

ment once gathered all the experts’ preferences, by means of a similarity meas-
urement. The agreement level is expressed as a value in the interval [0,1],
where a value of 1 means total agreement.

. Consensus control. The degree obtained in the previous phase is checked. If it

is greater than a consensus threshold given, then the desired agreement has
been reached and the consensus process finishes. Otherwise, the process needs
more discussion. In addition, a maximum number of rounds is set before be-
ginning the process, so that if it is reached, then the consensus process fails.

. Advice generation. The model suggests how experts should change some of

their preferences in order to increase the level of agreement in the following
rounds [5,16]. A set of suggestions regarding appropriate changes is generated
and delivered to experts.

A further detailed description of the consensus reaching process developed in
COMAS can be found in [17].
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3 COMAS Multi-agent Architecture

In this section, the multi-agent architecture designed for COMAS is presented.
The architecture was developed basing on the FIPA standard®, and using the
JADE agent platform®; and is depicted in Figure 2.
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Fig. 2 COMAS architecture

We can consider COMAS a cooperative MAS, where agents work together in or-
der to reach a common objective, i.e., reaching a consensus. Several agent roles
are proposed according to the different roles and tasks that can be identified in the
previously reviewed consensus model. These roles are described below:

o Expert Agent: It represents a human expert, and acts on behalf of him.
e Moderator agent: It assumes the human moderator’s role, and is responsible for
guaranteeing a right development of the overall consensus process.

In addition, because of the complex set of responsibilities initially assumed by the
moderator, we have decided to add some specialized agents to support moderator
agent in various specific tasks in the consensus process:

e Consensus Evaluator Agent: It is in charge of computing the consensus degree
achieved in each consensus round, and report it to moderator agent.

e Change Detector Agent: It is responsible for leading the necessary operations
for the Advice generation stage in the consensus process.

e Analyst Agent: This additional agent assumes the task of storing all the infor-
mation concerning each consensus process in a database.

Other components provided in our system’s architecture are:

e Interface Agent: Each expert agent is associated to an interface agent, which
allows human experts or users to provide their initial preferences before the

% FIPA: http://www.fipa.org
3 JADE: http://jade.tilab.com
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process begins, as well as showing them the results achieved by the consensus
process.

e FIPA-specific components and agents: FIPA standard (Foundation for Intelli-
gent and Physical Agents) provides some utilities for general purpose multi-
agent systems, such as the Directory Facilitator(DF), AMS (Agent Management
System), and MTS (Message Transport System).

e Ontology: Agents communicate each other by exchanging messages. Therefore,
a ontology has been defined for COMAS, so that agents share a common se-
mantics and knowledge about the problem. A detailed description about the
system’s ontology is given in Section 4.

e Consensus Support System: This is the software model containing all necessary
Java classes to perform all operations in the consensus process.

e Database: It stores and recovers past information about consensus processes.

4 COMAS Ontology

In this section, we show the ontology designed to allow communication among
agents under a common language and semantics [7,20].

Since COMAS ontology is based on the idea proposed by Kacprzyk and
Zadrozny in [14], its design considers both the necessary concepts for performing
consensus processes and those ones used by agents for reasoning about the par-
ticular problem’s knowledge. Figure 3 shows the components used in our ontol-
ogy. These components are divided into three categories:
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Fig. 3 Ontology components used in COMAS

1. Concepts: Symbolic expressions representing objects. They consist of one or
more attributes or slots. Concepts are not individually used by agents, but they
appear as part of predicates or agent actions in ACL messages. Concepts
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designed in our system include: AID, Alternative, Consensus, ExpertAgent,
OpAggregation, OpSimilarity, PreferenceRelation and Recommendation.

2. Predicates: Expressions about the state of the world, their value would be
either true or false. They are commonly used in COMAS as the content of
ACL-Inform messages (answer to a request message), and include: ProvideAs-
sessment, ProvideConsensus and ProvideRecommendation.

3. Agent Actions: These expressions are a special case of concepts with an addi-
tional semantics, indicating actions that can be performed by agents, and they
are usually the content of ACL-Request and ACL-Propose messages in our sys-
tem. COMAS agent actions include: JoinConsensus, MakeAssesment, Rate-
Consensus and RateRecommendation.

5 COMAS Performance

In this section, we briefly show some experimental results obtained from a simula-
tion we have carried out on our platform. The simulation consisted in solving a
consensus problem with 4 alternatives and 100 experts, by using different consen-
sus measures. The high scalability of COMAS makes possible performing consen-
sus processes automatically with a high number of experts, which hasn’t generally
been done previously.

Consensus measures are used for measuring the level of agreement among ex-
perts, through the use of similarity measures and aggregation operators. We have
considered the use of different combinations of these measures for each one of the
experiments made. In addition, we consider a consensus threshold of 0.85 and a
maximum number of 10 rounds permitted.
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Fig. 4 Results achieved solving a consensus problem through simulation.
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Figure 4 shows the convergence towards consensus, by displaying the number
of required rounds and the level of agreement achieved, in some of the tests car-
ried out on COMAS by using a similarity measure based on Euclidean Distance
and different well-known aggregation operators, some of which may be found in
[22] for further detail about them.

The overall results obtained from these tests and another ones carried out with
more different measures, leaded us to conclude that the use of different consensus
measures allows decision makers to use COMAS to solve consensus problems ac-
cording to their requirements, ranging from situations where a fast agreement is
required, to contexts where more discussion among experts is needed.

6 Conclusions and Future Work

Even though consensus processes have been widely studied and many different
models were proposed, there are barely real implementations of such a type of sys-
tem. This contribution has introduced COMAS, a multi-agent architecture to sup-
port and automate consensus reaching processes with a high number of experts.
We are currently tackling different improvements in COMAS. On the one hand,
we are aimed at deploying a user interface based on Web Services, as well as im-
plementing different profiles of ‘personality’ for experts. On the other hand, we
intend to deploy our system in intelligent environments, thus discovering real ap-
plications in smart homes.
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