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ABSTRACT 
 

Nowadays, multi-agent systems are frequently used to control big components of IT systems. Since this 
systems are big and use and produce big data, the control of multi-agents systems by people is not 
beneficial anymore. So, self-organization, in which agents can organize themselves, is proposed as a 
resolution. In a self-organizing multi-agent system, the desired behavior of system is emerged based on 
local behavior of agents. But, emergence is not always as we desired and can result in a manner that we do 
not want the system to have it. On the other hand, self-adaptation is a centralized and top-down process, in 
which a central control loop can monitor, analyze, plan and execute decisions on a controlled element. 
Therefore, a combination of self-organization and self-adaptation can help the system stay self-organized 
while the bad results of emergence are controlled by self-adaptation features. Recently, combining self-
organization and self-adaptation features is becoming a trend. In this paper, we tried to propose an 
organization model for self-organizing multi-agent system based on self-adaptation features to control 
emergence. 

Keywords: Self-Organization, Self-Adaptation, Multi-Agent Systems, Organization Model, Organization in 
Multi-Agent Systems.  
 
1 INTRODUCTION  
 

In a multi-agent and distributed system, agents’ 
cooperation has a major effect on non-functional 
requirements of it. Using organizations is a way of 
coordination in these systems. It means each agent 
can be assigned to a role [6]. Generally, 
organization in multi-agent systems is a set of 
agents contacting based on a set of roles to achieve 
to a general goal. According to [7], organization in 
multi-agent system is a way of controlling these 
systems and according [2], using organization in 
helps agents do big and complex jobs while so 
simple themselves. Therefore, self-organizing 
multi-agent systems are considered an effective 
solution. 

In many of researches, self-organization and 
emergence are assumed equal. But this idea is 
wrong. These two concepts refer to two different 
aspects of a distributed system and can exist next to 
each other [13]. Based on [14], Self-organization 

refers to a dynamic and spontaneous re-
organization. Components of a self-organizing 
System, for example agents in multi-agent systems, 
behave autonomously. The result of this behavior is 
a general behavior of the system. In another words, 
the flow of control is bottom-up. On the other hand, 
emergence is defined as a structure or framework, a 
behavior, or a function of a system. An emergence 
has at least two levels: macro and micro levels that 
have mutual dependencies. Macro level limits 
micro level and micro level causes the macro level. 
Based on these two definitions, we can say 
emergence is the way that self-organization 
achieves to its goals through. The main motivation 
of this paper, is that the emergence can get in a 
situation that is out of control [13, 14]. It means the 
general behavior of the system can be a behavior 
that agents, in the micro level, did not mean to 
make. 

Based on [8], a self-adaptive system should be 
able to do four steps on its controlled element. It 
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should be able to monitor the element, after 
gathering required information, analyze them, plan 
on what to do next based on knowledge base (to re-
configure, heal, protect, or optimize the element), 
and execute the made decisions.  

In our proposal model, we have tried to merge 
self-adaptation and self-organization features and 
omit self-organization problems, including 
emergence. As we said before, a self-organizing 
system uses emergence to achieve its goals. Agents 
have their own local goals which are in line with 
the main goal of the whole system. In another 
words, behavior of agents in lower level, causes 
main behavior in upper level and the so-called 
emergence phenomena happens. Since, the main 
motivation of this paper, is that the emergence can 
get out of control and the general behavior of the 
system can be an undesired behavior that agents, in 
the lower level, did not mean to make, studying 
self-adaptation features, we can concluded that the 
top-down control flow of self-adaptation can be 
used for controlling emergence phenomena. This is 
a new trend and many works are done in this area. 
In fact, we tried to propose a model that provides 
the self-adaptation features by having the system 
organize itself in a manner that does not damage the 
bottom-up process of self-organization.  

Kasinger and et al [12] proposed an organization 
model for self-organizing multi-agent systems 
based on self-adaptation features. We will prove 
that our model improves the response time and 
consequently, the organization process time. 
Therefore, the rest of paper is organized as the 
following: in section 2 we will introduce and 
elaborate our proposed organization model. Section 
3 is about the model we will simulate and compare 
to our model. In section 4, we will talk about 
simulation and evaluation models and response 
time in both of them. Conclusion and references are 
in section 5 and 6. 
 
2 PROPOSED MODEL 

 

We introduced our model previously in [19]. As 
we said before, the goal is to propose an 
organization model in which a self-organizing 
multi-agent system can have self-adaptation 
features as well. Therefore, an agent should have 
control role and implement the control loop. The 
controlled element would be the whole system. 
This agent should be able to gather information 
from other agents, analyze them, and send back 
some non-controlling knowledge to them. Agents 
can use this knowledge to achieve to self-
organization goal, without involving to a chaos. In 
other words, the goal is emerged. So, the first 

requirement is to have a tree like structure in which 
one agent controls other ones.  

In this kind of one controller agent, that agent 
may become a bottleneck. Distribution of 
controlling role to multiple levels can be a solution. 
In fact, agents in different levels can take part in 
controlling responsibility. In this case, we have a 
complete hierarchical structure.  

In a complete hierarchical structure, there is no 
way for grouping agents based on application and 
scenario of the system.  Grouping makes the 
possibility to have all kinds of scenarios and 
applications. In this situation, agents of one group 
can participate in the hierarchy structure by means 
of a delegate. This type of grouping is called 
federation. Therefore, our model is a combination 
of Federation and Hierarchy. We call this model 
FHOrganization. Different paradigms of 
organization, including hierarchy and federation are 
introduced in [2]. 

So far, we mentioned general features of 
FHOrganization model. FHOrganization can make 
adding of self-adaptive control loop to self-
organizing multi-agent systems possible. Table 1. 
shows these features and equivalent features in 
federation and hierarchy paradigms. 

Components of FHOrganization are showed in 
Fig. 1 As you can see, an FHOrganization is consist 
of one or more Agent(s), one or more Group(s), and 
one and only one Controller Agent. Each Agent is 
connected to one and only one Group and each 
Group is consist of one or more Agent(s). Each 
Group has one and only one Delegate Agent and 
each Delegate Agent is connected to one and only 
one Middle Agent. Each Middle Agent can be 
connected to zero or more Delegate Agent(s). 
Middle Agents may not be connected to Controller 
Agent but Controller Agent is connected to one or 
more Middle Agent(s). 

 
Table 1: main features of FHOrganization 

Required features Equivalent feature 
A tree like 

structure with one 
agent on top 

Hierarchical 
organization: Agents 

are organized in a tree 
like structure in which 
agents in higher level 

have more 
comprehensive view on 

agents in lower level 
[2]. 

Possibility of more 
than one level to 

distribute 
controlling role 

Hierarchical 
organization: Data 

produced in lower level 
goes up to make a wider 

view of all agents. 
Meanwhile, commands, 
made based on received 
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data, go down (showing 
existence of different 

levels) [2]. 
Existence of agents 
as groups delegate 

Federation 
organization:  A group 
of agents give part of 
their autonomy to a 

delegate. This delegate 
is responsible to contact 

outside the group [2]. 

 

 

Fig. 1. Components of FHOrganization Model 

In this part, for a better understanding of 
FHOrganization, we bring an example of how this 
model shapes the organization of a multi-agent 
system. As you can see in Fig. 2, this scenario is 
consist of 13 agents distributed in an environment. 
This Figure shows the practical distribution of 
agents. 

In this example, agents are grouped in four A, B, 
C and D groups due to their distance (metrics can 
defer based on scenario). Each group has a 
delegate. Delegate of A is A3, delegate of B is B4, 
delegate of C is C3, and delegate of D is D3.  

There are two type of relations among agents. 
First type showed as dotted arrows is established 
among agents from one group. Second type showed 
as complete arrows is established among agents 
from two different groups. But you may ask: why 
there is why C1 and C2 have second type relation? 
The answer is in Fig. 3. 

Fig. 3 shows the hierarchical structure of 
FHOrganization. This figure is a hypothetical 
illustration of the scenario. In this scenario, 
organization is established in three levels. Agents 
are grouped in lower and upper level (hierarchy of 
federation). Therefore, there is a controlling 
structure with distributed control in different levels. 
X, Y and Z dimensions are placed in the figures to 
have a better understanding. 

 
 
 

 

3 ONE SUPERVISOR ORGANIZATION 

As we said before, kasinger and et al proposed a 
model for self-organizing multi-agent systems in 
which there is a supervisor agent in the top of other 
agents [12]. In this section, we will briefly describe 
the proposed model. We have chosen this model to 
comparison with our model. Because this is the 
closest model to ours that we found. We call this 
model One Supervisor Organization or OSOrgan-
ization. 

In this model, one of the agents is chosen as the 
supervisor agent. This agent uses the control loop in 
it to detect repeated problems in the system and use 
exception rules to solve them. This structure is 
proposed because of the reasons we mentioned 
before. In the next section, we will propose our 
implementation of both models to compare their 
response time. Fig. 4 shows the structure of the 
supervisor agent in OSOrganization. 

 

 

Fig. 2. Practical Schema of Hypothetical Scenario 

 

 

Fig. 3. Hypothetical Scenario with FHOrganization 
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Fig. 4. Structure of Advisor Agent in Model Proposed in 
[12] 

  
4 SIMULATION AND EVALUATION 

In this section, implementation and evaluation of 
FHOrganization will be presented. We will define a 
scenario and compare both FHOrganization and 
OSOrganization response time in that scenario. 
Implementation is done using Java Agent 
Development framework (JADE). 

In our hypothetical scenario, 50 agents are 
distributed in a two dimension environment. One 
agent is going to send a massage to supervisor 
agent and then the supervisor will send it to another 
agent. First of all the structure should be 
established. Pseudo code for both FHOrganization 
and OSOrganization models are presented in Table 
2. 

 
Table 2. Pseudo Code of Establishing FHOrganization 
and OSOrganization 

 
1. Random(X,Y); 
2. Detect(MiddlePoint); 
3. Detect(Group); 
4. 
Determine(SupervisorAgent); 
5. Determine(DelegateAgents); 
6.Introduce(SupervisorAgent, 
DelegateAgents); 
7.Introduce(DelegateAgents, 
RegularAgent); 

FHOrganization 
 
 
 
 

1. Random(X,Y); 
2. Detect(MiddlePoint); 
3. 
Determine(SupervisorAgent); 

OSOrganization 
 

 
The scenario is performed for 50 times in both 

organization models. Fig. 5 shows the result of 
response time in FHOrganization. On the other 
hand, fig. 6 shows response time in 

OSOrganization. Finally, fig. 7 and 8 show 
comparison between response time and average 
response time of both models. As you can see, 
response time of FHOrganization is better than that 
of OSOrganization in almost every single try. As 
you can see, average response time in 
FHOrganization is 2.94 (ms) and that in 
OSOrganization is 20.62 (ms). 

 
5 REFERENCES 

 

In this paper, we proposed a model that adds self-
adaptive features to self-organizing multi-agent 
systems. This model keeps distributed and bottom-
up characteristic of self-organizing systems while 
adding centralized and top-down self-adaptation to 
it. This model provides a situation to control 
emergence by using self-adaptive control loop. 

We also simulated and implemented this model 
using JADE and compared it to another model 
which is proposed with the same purpose. The 
results show that the response time of our model is 
better than that of the other model. 

One of our future works will be developing a 
framework based on JADE that has the desired 
feature of having self-adaptation and self-
organization as a default. Also, having specific self-
healing, self-optimizing, self-protecting and self-
configuring features in t our model can another 
future work. 

 

 

Fig. 5. Response Time in 50 Try in FHORganization 

 

Fig. 6. Response Time in 50 Try in OSOrganization 
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Fig. 7. Comparison between Response Times 

 

Fig. 8. Average Response Times 
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