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Collaborative Decision-making in Multi-agent
Systems for GIS Application

Indiramma M, Dr K R Anandakumar

Abstract—Group Decision Making (GDM) is an important
human activity and it has many practical applications in
society, economy, management and engineering, etc.
Researchers are faced with new challenges in research on
theory and methods of GDM with the rapid advent of internet
and information technology. One of the challenges in
collaborative work is social decision making in a computer
mediated environment. Social trust models like recommender
system, Bayesian trust for pervasive computing, are becoming
invaluable part of distributed systems, where uncertainty
prevails. In this paper we have proposed a Trust based
collaborative decision making algorithm for distributed
environment in which a group of agents collaborate for decision
making.

Keywords—Collaborative  Decision-Making (CDM),
Multi-Agent System (MAS), Trust, Computer supported
collaborative work (CSCW), Artificial Intelligence.

1. INTRODUCTION

A powerful, extensible strategy for overcoming the bounds of
intelligence present in any Al system is to put the system in a
society of systems, so that it can draw on a diverse collection
of expertise and capabilities in the same way that people
overcome the limitations of individuals by coordinating in
groups. Research in Distributed Artificial Intelligence (DAI)
or Multi Agent Systems (MAS) [1] [4] concentrates on
understanding the knowledge and reasoning techniques
needed for intelligent co-ordination and evaluating this
understanding in computer systems. Decision making in
MAS [2] [5] is an important task that often involves choice
from a discrete set of alternatives, for the purpose of attaining
a goal. Distributed collaborative decision making is gaining
importance among researchers due to its wide application
range.

Distributed collaborative decision-making is a principal
strategy for effective implementation of CSCW (Computer
Supported collaborative Work) [3]. CSCW concentrate on
applying communication and information technologies to the
problem of supporting and enhancing group interaction and
decision making activities. This kind of interaction is aided
by a group decision system, which allows a set of individuals
or experts to engage in a collaborative decision-making
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process in a CSCW. Since collaborative group
decision-making has many practical backgrounds in
economy, management, society and engineering, theory and
methods of group decision system has been a very important
research field in information technology. With the
development of internet, electronic communication,
knowledge based economy and information technologies,
more attention in paid to Group Decision Making (GDM)
[26] problems.

Geographic Information Systems (GIS) is one of the areas,
where group decision making is an integral part. GIS and
Decision Support Systems (DSS) [24] are mechanisms that
can be used to provide managers with information needed to
make sound resource management decisions. GIS problems
are growing in importance as more and more people with
concerns about environmental, land use, natural resource and
transportation are involved in decision making. Many
geographical decision problems are involving uncertainty in
which information may be incomplete or not available. This
situation makes decision making a complex task to the
experts. Methodologies for group decision making include
work on GIS extensions [27] [28] aimed at improving its
decision support capabilities, leaving the uncertainty parts of
the GIS problem for the decision maker’s judgment. The
decision makers need to arrive at consensus about the final
decision through collaborative work.

Trust is a basic feature of social situations and plays a critical
role in problem solving, organizational performance and
organizational communication such as MAS applications and
domain knowledge based GIS applications. Trust is one of
the most valuable group components and is essential to the
process of group influence and collaboration [9] and also,
Trust models are becoming an integral part of distributed
systems. Trust renders agents to enhance their collaboration
significantly [10]. In order to effectively support group
participation in decision making, social collaboration and
decision analysis tools must be integrated. The existing
frameworks [20] [21] [22] have emphasized technological
issues of group support, and social issues such as
relationship, roles and trusting behavior are not addressed.
We have attempted to address this situation by developing a
formal notion of trust that is present between individuals in
collaborative environment. In this paper we have proposed a
collaborative decision making algorithm for GIS
Application.

The structure of the paper is as follows: section 2 covers
relative work, problem definition is given in section 3;
proposed collaborative decision algorithm is presented in
section 4. Trust computation and GIS application is covered
in Section 5 and section 6 concludes the paper.
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Il. RELATIVE WORK

Decision making that involves uncertain data is challenging
for human decision makers and highly complex problems are
usually solved by a team of experts in organizations.
Supporting group work, where team members may be in
different locations and working at different time emphasize
important aspects of communication and computer
technologies. CSCW has evolved to provide effective
support in group task. CSCW advanced tools include add-ins
for analysis, surveys and modeling, which allows group to
weight or rate alternatives against a list of criteria. Social
Judgment Analysis [25], Nominal group technique [3] and
Delphi [5] are some of the formal consensus development
methods. There is a need to restructure these for distributed
applications.

Spatial models are integrated in GIS and make it possible for
GIS to complete some complex tasks as spatial decision
support rather than merely spatial data management. As
decision making is essential for any organization adopting
GIS applications, researchers worked towards integration of
decision models and expert systems. GIS-based spatial
decision support system [20] [21] [22] [23] developed to
study soil erosion.

The research work in MAS and decision making has
addressed mainly computational issues, and social issues
were given less interest. Recently due to advent of
Knowledge engineering and information technology,
research in E-commerce, online applications and pervasive
computing applications [11] [17] [18] [19] are becoming
popular and hence social issues such as trust, belief, empathy,
and emotions are gaining importance. Trust is one of the most
valuable group components and is essential to the process of
influence and collaboration [12] [13] [14] [15] [16].

I1l. PROBLEM DEFINITION AND ASSUMPTIONS

CSCW systems have emphasized technological issues of
group support at the expense of social issues such as roles,
relationship and social trust protocol, which are common in
organizations. Trust is a basic feature of social situations and
plays a critical role in group problem solving, organizational
performance and organizational communication. Trust is one
of the most valuable group components and is essential in the
process of collaboration. In order to make an improved
decision in a collaborative decision making environment,
trust based consensus method is essential for the team of
experts. In order to address these issues, we are proposing a
social decision-making algorithm and collaborative decision
making framework for GIS as shown in figure 1, in which
group of experts use trust as a social parameter. Hence, the
objective is to make use of trust as a social parameter in
decision making to improve quality of decisions.

Our ongoing experiment consists of two parts [27] [28]:

i) Collaborative agent architecture model- this will provide
an interface for the decision makers to interact with other
agents in the organization using communication network.

ii) Trust computation model- which provides inter-agent trust
relation.

The following assumptions are made in the proposed
algorithm.
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e Collaborative decision process is a multistage
process.

e The experts use the available decision models and
their domain expertness, and give the decision or
alternate selection for the task.

e Experts are presented with the task and decision
model (Multi criteria decision-making mathematical
model) and information processing aids.

e Each expert is allowed to discuss among other
participants and clarify information regarding each
decision using communication module.

IV. COLLABORATIVE DECISION MAKING ALGORITHM

There is a need for a collaborative decision making based on
social interactions in a distributed environment for an
organization. The existing frameworks [22] [23] [24] lack of
social interactions (such as trust, cooperation), which is very
essential for any organization for effective decision making.
We have proposed a trust based decision making algorithm.
Here, the collaborative decision process is a multistage
process. The experts/agents use the available decision models
and their domain expertness, gives the decision for the task.
The individual decisions provided by the experts are to be
evaluated and the final decision is to be selected in the group
decision process. Each expert is allowed to discuss among
other participants and clarify information regarding each
decision.

Decision interface Collabor Decision
atlvg _ interface
GIS Visualized Decision GIS Visualized
Spatial Analysis @ Making <->Sp51'[ial Analysis
Module
Spatial Database Spatial
and Statistics Database and
Statistics
Agent; / Expert; Agent,, / Expert,

Fig.1 Collaborative Decision Making

In our previous work [28] we have proposed a working
model on collaborative decision making architecture using
MAS, which enables a team of experts (Agents) to receive
information about the task and derive individual decisions
about the task. As there are many different decisions, group
members interact with each other and establish trust relation.
This can be captured by trust computation model which
aggregates the trust values. This trust value reflects the
recommended trust, direct trust based on current decision,
and domain expert trust. The highest trusted decision is
selected as the outcome of group consensus.

We have proposed the following algorithm to achieve
agreement about the final choice.
The collaborative process initiates with parallel algorithm for
N agents.
For each agent a;-1 to N.

1. Receive information about task and team.

2. Process the information and provide individual

decisions.
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Table 1. Individual decision by team members.

Collaboration interaction process Decision Weight selection for computing EHI
by Expert | Rain Soil Land Terrain
1. Collect Decision maker’s decisions Erosion Erosion Cover Slope
D ={d;,d,,......... dn} Erosion Erosion
2. Initiate collaboration, exchange information D1 3 2 3 2
3. Each agent discuss about each decision, criteria, | p2 2 3 2 3
conflict resolution D3 3 2 2 3
4. Update behavioral parameters such as direct | pg 3 3 2 2
expertness trust, recommenders trust, and trust on | pg 2 2 3 3

current decision.

5. Aggregate the trust values.
6. fl_Decl:lsmI)n with highest value of trust is selected as 15016 2. Domain expertness trust by other agents about
inal solution. agent al.
V. TRUST COMPUTATION AND GIS APPLICATION Agent Trust
. . . L a2 0.7

We have considered soil erosion application of GIS for our
experiment. Assessment and inventory on soil erosion hazard a3 06
are essential for formulation of effective soil conservation a4 0.7
plans of a watershed for sustainable development. The a5 0.8

following are the factors considered for soil erosion: rain
erosiveness(A;), soil erosiveness(A,), terrain slope
erosiveness(As) and land cover erosiveness(Ay).

Table 3. Trust based on current decision about agent al’s

decision
Erosion Hazard Index(EHI) is computed using equationl Agent Trust
where W is the weight assigned for each parameter A by the a2 0.5
expert. a3 0.6
ad 0.4
EHI= [Wi(A) + W,(A)+....+ W (AD] / (Wi+Wo+.. W) &5 03

..... Egn1l

Each expert will be giving preference to these parameters
based on their domain expertness and range of values varies
from expert to expert and also the importance order given for
above parameters for assessment of soil erosion of given site.
This forms individual decisions of team members as shown in
table 1.

As there is need for single final decision, the team members
have to collaborate exchange these decisions and interact for
trust evolution. Each team member gives his
recommendations about all the decisions and team members
as shown in table 3 table 4. For simulation we have
considered five agents.

Each team member maintains a trust data t; = A X A - §,
where t;; means how much agent a; trust agent a; based on the
decision of a and S refers to the range of trust values. This is
a numerical value which captures the uncertainty of trust
more accurately rather than binary values [0,1] as in [16].
Here we have taken recommended trust (table 4), trust on
current decision (table 3) and domain expertness trust (table
2). The overall trust for each decision is aggregated and
highest scored decision is selected as the final solution as per
equation 2.

Trust on Di = [trust on current decision]+
[recommended trust]+[ domain xpertness trust] ..... Eqgn 2
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Table 4. Recommended trust about other agents from
agent al.

Agent Trust
a2 0.2
a3 0.5
ad 0.4
a5 0.6

V1. CONCLUSION

In this paper we have given the importance of trust in group
decision making. As GIS applications are gaining the
attention of many researchers due to its wide applicability in
decision making, there is need for research in the area of
integration of decision models into GIS. Existing GIS
decision tools fail to provide a good decision for the
problems which involve uncertainty. In such cases domain
experts have to collaborate and arrive at a good decision. In
such situations trust plays a vital role otherwise, experts may
use Voting, Ranking and negotiation methods to solve
uncertainty problems. These methods are purely
computational, and do not involve any social parameter for
decision making. Hence we have proposed a trust based
technique for collaborative decision which gives improved
decision.
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