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Abstract 

 

In Group Decision Support System (GDSS), multicast group communication was 

found to be challenging because of the nature of its distributed decision makers. The 

efficiency and correctness of the group decision making process mainly depends on the 

communication approach used among its participants. Although many solutions have 

been proposed to handle group communication, this paper aims to achieve reliable, 

fault tolerant, and high scalable group communication that supports successful group 

decision making. 

 

In this paper, a new group communication approach that supports group decision 

making in collaborative environments such as GDSS is proposed. This approach 

enables a set of distributed decision makers to collaborate and exchange proposals and 

solutions in a coordinated and reliable way to reach a collective decision. The proposed 

approach is a multi-agent system inspired by the behaviour of swarms of honeybees in 

their food foraging and source evaluation. The advantages of the proposed approach 

are investigated and showed that simulating bee behavior for group decision making 

makes the new system fault tolerant and more reliable compared to centralized and 

distributed approaches. The ability of the new approach to handle a group decision 

making with several environmental changes is measured and compared through 

simulation experiments. The results showed that the new multi-agent system achieved 

higher scalability with 45% efficiency. 



 

5544                                                                                      Anas Jebreen Atyeeh Husain 

 

 

Keywords: Collective Decision, Swarm Intelligence, Group Decision Making  

 

1 Introduction  

 
Decision  making  in  real-world  problems  often  progresses  in  a  multi-person  

environment,  and  group  decision  making  may  be  helpful.  The  complicated  

characters of distributed group decision makers  suggest  that a computerized support, 

in the form  of  a  Group  Decision  Support  System  (GDSS)  [16]. GDSS is an 

interactive computer system that can help group of decision makers in solving various 

kind of difficult problems [14][1]. Each decision maker may has his or her own opinion 

about a certain problem, and attempt to reach a best solution that satisfy the other 

decision makers in the group [22].  

  

 

To solve a certain problem through GDSS, each participant proposes a solution, and a 

collective decision for one solution needs to be reached among those participants [4,5]. 

Collective decision is selecting a solution that best represent the GDSS participants’ 

opinions and proposals. Reaching such a group decision requires that every participant 

multicast his proposal to the others so that each can receives all proposals and selects 

a final one [19]. Every participant receives the same set of proposals and evaluates the 

same function to select a final solution. Indeed, multicast operation plays a key role to 

reach a collective decision among GDSS participants, and the efficiency and 

correctness of the group decision making depends on that operation.  

 

Achieving reliable and scalable multicast group communication that assists GDSS 

participants in performing group decision making presents a challenge. Reliable means 

the group decision making process can be completed even if some participant fail, and 

the participant treachery can be prevented and controlled if occurred. Scalability is the 

ability to handle different environmental changes without significant cost when 

performing group decision making. Thus, the problem can be encapsulated in the 

following question: 

 

 How to develop a reliable and scalable multicast group communication that best 

supports group decision making among GDSS participants?  

 

Accordingly, a new multicast group communication approach that supports group 

decision making for collaborative environments such as GDSS is proposed. This 

approach enables a set of distributed decision makers to collaborate and exchange 

proposals or opinions in a coordinated and reliable way, and to agree upon final solu-  
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tion. The proposed approach is a multi-agent system (MAS) inspired by the behaviour 

of swarms of honeybees in their food foraging and source evaluation. Related 

approaches have been investigated and compared to the proposed approach. An 

evaluation experiment is presented for testing and comparison purposes.  The 

remainder of this paper is organized as follows:  The related works are reviewed in 

section 2 while section 3 presents the requirements and detailed design of the new MAS 

approach.  Performance evaluation and results are introduced in Section 4. Finally, 

some conclusions are given in Section 5. 

 

 

2 Related works 
 

Multicast operation is the delivery of information to a group of destination computers 

simultaneously in a single transmission [23]. Multicast operation is an important 

requirement for GDSS participants to communicate and exchange proposals in order 

to perform group decision making and reaching a collective decision. The 

communication among distributed and heterogeneous decision makers creates a 

challenge to reach a collective decision in such environment. Yet, to our knowledge, 

there is no efficient solution that supports a reliable and scalable multicast group 

communication that assists GDSS participants in performing group decision making 

processes.  

 

Currently, the multicast operation for group communication approaches that have been 

used mainly rely on centralized or distributed principles [23, 24]. In centralized 

approaches as in [12, 17], one of the participants has to play the role of the coordinator 

to manage the decision making process [24]. The coordinator is responsible for 

invoking for the process, receiving proposals, and selecting a final one. In such 

approach, the coordinator may accidentally fail or intentionally thwart participants 

which make it unreliable approach.  In addition, selecting a coordinator may create 

another issue. On the other hand, in distributed approaches, as in [8], each participant 

is required to multicast his proposal to the others and select the final proposal after 

receiving all. In such approach, some participants could purposely send different values 

to different participants in an attempt to thwart the others. This creates the challenge of 

malicious operation of participants. Participant dependency is a common issue of the 

centralized and distributed approaches where the whole process depends on the 

participant behaviors and responses. 

 

In this paper, a MAS that simulates bee behavior in food foraging is proposed. The 

MAS is a hybrid for distributed and centralized communication systems. The MAS  
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approach is responsible to perform the multicast group communication by gathering 

and exchanging proposals from distributed GDSS participants, and to select a final 

solution. Min, max or any other function [2] can be used by participants to select a final 

solution in order to complete the group decision making process. 

 

Agent-based modeling [7] is an approach that composed of decentralized agents 

interact with each other based to their knowledge. Certain kinds of artificial agents are 

the ones that mimics the behaviors of social insects and animal societies [15, 28]. 

Communication systems inside such societies are participating in the creation of the 

“collective intelligence of social insect colonies” [27]. The members of these colonies 

are able to achieve complex tasks in cooperation, self-organized, and work without a 

central control. Accordingly, the behavior of social insects has been selected and 

applied as inspiration for MAS to handle many complex problems in different 

disciplines, which is called Swarm Intelligence (SI). SI is concerned with the design of 

methods and distributed problem-solving MAS by taking inspiration from the 

collective behavior of social insects [26]. 

 

According to the honeybees food foraging algorithm [11, 21], the scout bees start the 

process by searching and discovering unknown food sources. Upon arrival, it takes a 

nectar and returns the food store within its hive. Thereafter, it meet other bees in the 

dancing floor and starts dancing telling about correspondent visited food sources. 

Communication via a waggle dance among scout bees is to convince each other to 

follow it and helps in determination of the direction and distance of the source, and the 

quality of the nectar. The bees evaluate food sources based on the nectar quality and 

energy consumed. Consequently, according to the evaluation, food sources can be 

visited or ignored by more bees. Several approaches have been used to model 

intelligent behaviors of honeybee and applied for solving many problems [3, 9, 13, 18, 

25]. However, honeybees are unique among other social insects because it using a hive 

as a center of communication and recruitment. It achieves self-organization, 

manageability, and participants’ autonomy advantages for the new hybrid MAS 

approach. 

 

3 The New Multi-Agent Approach 
 

With regard to the issues of the current communication approaches that were discussed 

earlier, a new multicast group communication for distributed GDSS participants is 

proposed. The new approach is a MAS inspired by swarms of honeybees behavior in 

food foraging and sources evaluation. In order to mimic and adopt the bee algorithm, 

a set of mobile agents is created and used to perform multicast group communication 

and group decision making process. Initially, one agent assigned for each participant  



 

Multi-agent system                                                                                                   5547 

 

 

and all agents exist within a predefined central location. To start a group decision 

making process, each GDSS participant proposes a solution, and each agent migrates 

to its correspondent participant to collect proposals and back. Within the central 

location, all agents meet again and exchange proposals by multicasting the collected 

proposals to the others. Each agent then receives all proposals and selects a final one. 

The group decision making process performed by MAS illustrated in figure 1. 

 

 
Figure 1: Group Decision Making Performed by the new MAS 

 

Agent functions are divided into communication and computation functions. 

Communication includes (a) moving to destination, (b) collecting proposals and back 

to the central place, and (c) multicasting or broadcasting the collected information to 

others. Computation includes evaluating a function that selects a final proposal as a  
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collective decision. Indeed, the behavior of the agents is based on some simple 

predefined rules without central guidance. The key differences between the bee 

behavior and the proposed MAS are shown in table 1. 

Table 1: key differences between Honeybees food foraging behaviour and the 

proposed MAS 
Honeybees food foraging  hybrid MAS  

Subjects are scout bees Subjects are agents 

meeting at the dance floor meeting at predefined virtual interaction area at 

predetermined host 

communicating by waggle dance  communicating by agent communication 

language 

Selecting food sources based on nectar 

quality and energy usage 

Selecting a final proposal based on all 

proposals 

Food sources selection mechanism still 

not understood 

selection mechanism is based on functions 

such as average, min, or max that could be 

used to select a final proposal  

 

Indeed, the agents in the new MAS are communicating with each other instead of direct 

communication among the participants; there is no central guidance in performing 

decision making process, and they are receiving all proposals to select a final one. 

These attributes make the MAS Fault Tolerant (accidental and behavioral faults) and 

more reliable approach compared to centralized and distributed approaches which is 

key advantages and presents an important objective in this paper.  

 

4 Performance evaluation and results  
 

In this section, a multi-agent simulation system is developed to simulate the GDSS 

environment and its distributed participants. The purpose of the simulation is to 

measure the scalability of the new MAS approach which is its ability to handle different 

GDSS group sizes without significant cost. The cost is the time elapsed to complete a 

group decision making process including communication and selecting a final solution. 

 

A set of mobile agents is developed using JADE [6] multi-agent platform and several 

connected machines are used. One machine represents each participant in addition to a 

central machine that contains all agents. Accordingly, the developed multi-agent 

simulation system was executed many times with various multicast group sizes [23]. 

During each execution, the agents move from the central predetermined machine to 

their assigned remote machines to collect the relevant information and back to 

exchange their information. The time is calculated from the moment the agents start to 

move until they obtain the final solution.  
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For comparison purposes, a centralized communication approach was selected and 

implemented in this simulation system. Unlike the MAS bee approach, in a centralized 

approach, one agent represents each participant and is placed at its machine. One of 

these agents is playing a coordinator role, responsible for invoking the participants for 

group decision making and receiving their proposals in order to reach a collective 

decision. The communication among the agents is performed through message passing 

from remote machines and the agents are not moving. The time is calculated for each 

process from the moment the coordinator agent invokes others until it selects the final 

proposal.  

 

 
Figure 2:  Group Decision Making Cost (Communication and Computation) 

 

The experiments are carried out many times on different machines. The 

implementation results of group decision making cost for both approaches under 

various multicast group sizes are presented in Figure 2. From these results; we can see 

that the MAS has the lowest cost among all the group sizes. Compared with the 

centralized, MAS has more than 23 percent reduction in communication time for large 

group size and a more than 48 percent reduction for small group size, and for smaller 

group size, the reduction is even more, about 78 percent. 

 

Indeed, the MAS system outperforms the other system in the degree of scalability. 

MAS achieve it task with lesser elapsed time for all the group sizes. The lesser elapsed 

time, the lesser the cost, and the better the performance is. The time reduction is 

decreased with increase of the number of decision makers. This can be explained by 

the high computations of the MAS where every agent is responsible for evaluating a 

function that selects the final solution. This is considered a disadvantage regarding the  
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consumed time, but in fact, it is a reliability advantage where by the failure of an agent 

did not prevent other agents from performing their computation and proceeding with 

the task. In addition, the mobility of the agents between the participants instead of using 

the message passing approach makes the MAS more reliable, where all agents 

communicate at the same place. As a result, the proposed system is more reliable and 

achieves higher scalability with 45% efficiency.  

 

 

Conclusion 
 

This paper presents a new group communication approach that best supports decision 

making problem among a group of distributed GDSS participants. The new 

communication approach is a multi-agent system that mimics honeybees’ food 

foraging behavior that aims to achieve reliable, fault tolerant, and high scalable 

communication among GDSS participants. 

 

The advantages of the proposed approach are investigated and showed that simulating 

bee behavior when performing group decision making makes the new approach fault 

tolerant and more reliable compared to centralized and distributed approaches. The 

MAS ability to handle a decision making with different conditions is measured through 

a simulation experiments. The results showed that the new MAS achieved the highest 

scalability with 45% efficiency. In future work, this solution can be extended to handle 

participants’ evaluation and ranking based on predetermined criteria to represent them 

in the decision making processes. 
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