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Abstract—Nowadays, using Multi-Agent Systems (MASs) as a way of controlling complex and large-scale systems is 

becoming very popular. Also, since the scale of the systems is growing up and their environmental changes are becoming 

very fast and complicated, the experts are trying to enable these systems to control themselves, instead of having them 

controlled by humans. One way to devolve this responsibility to the systems is to use self-organization in MASs. To have 

a self-organizing MAS, agents should be able to shape up an organization. There are different organizational paradigms 

to be used in self-organizing MASs. Normally, the selection of organizational paradigm is done on design time by the 

designer of the system. But, in a rapidly changing and complicated environment, the selected paradigm might no longer 

be suitable for the system. In such a situation, there should be another way for the system to select a new suitable 

organizational paradigm at runtime. There are some works that provide a comparison among different organizational 

paradigms based on the performance of the MAS that uses that paradigm. But the comparison is done after the system 

is designed to have the paradigm. These works do not provide a mechanism for the system to select its paradigm at 

runtime. In this paper we propose an organization model for self-organizing MASs that provides these systems with the 

ability to change their organizational paradigm at run time. This organization model considers an amount of utility as 

the criterion based on which the currently used paradigm can be changed by the system itself. We simulate and evaluate 

our model in an IoT scenario. The scenario includes a Smart Home and its application of Comfort of Residences. The 

results show that changing the organizational paradigm and not sticking to the selected one on design time, gives us a 

28% improvement on the utility. 

Keywords-Multi-Agent Systems; Self-Adaptive Systems; Self-Organizing Systems; Organizational Paradigm; Internet of 

Things; Smart Home 

 
* Corresponding Author 

Volume 11- Number 4 – Autumn 2019 (29 -39) 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ic
t.i

tr
c.

ac
.ir

 o
n 

20
24

-0
4-

28
 ]

 

                             1 / 11

https://ijict.itrc.ac.ir/article-1-445-en.html


I. INTRODUCTION 

Multi-Agent Systems or MASs are a very popular 
solution for realizing a vast variety of applications. 
Dorri and et al categorize these applications in 
Computer Networks, Robotics, Modeling, and City 
and Built-in Environments [1]. Smart Buildings are a 
sub-category of the "City and Built-in Environments" 
category[2, 3]. As mentioned in [4], the MASs 
provide a powerful solution for control related 
challenges in complex systems. Being economically 
affordable and geographically distributable, MASs 
are one of the best solutions to control large-scale 
systems [5]. Therefore, we can say that MASs cannot 
be neglected in the field of controlling large-scale and 
complex systems. 

There are different approaches to design a MAS 
[6-9]. But one of the general approaches that contains 
organization concepts for MASs, is presented in [7]. 
In this paper we work on self-organizing MASs and 
whenever MAS is used, we mean a self-organizing 
one. Based on this approach, the steps to design a 
MAS are as the following: 

1. Global analysis: in this step, a perception of the 
problem is obtained and the functional requirements 
are specified. 

2. Organizational design: in this step, the 
organizational paradigm of the MAS is determined 
and also agent types and their roles are defined.  

3. Designing inner activities of the agents: this step 
includes the designing of inner functionalities and 
attributes of the agents. 

4. Designing agent interactions: in this step, the 
connections and interactions of the agents are 
defined. This is done through designing the 
communications and the communication protocols 
and mechanisms. 

5. Architecture design: in this step architecture of the 
agents and the whole system is designed. 

In this approach, step 2 is where the designer or 
developer of the system determines the 
organizational paradigm of the MAS. The paradigms 
in this paper refer to organizational paradigms 
presented in [10].  

Based on [11], complex systems are very 
unpredictable. As we know, every system operates in 
an environment. When a MAS is designed to control 
a complex system, that system will be the 
environment for that MAS. Therefore, the changes in 
the environment will affect the utility that we expect 
from the system. In a self-organizing MAS, it is the 
organizational paradigm that determines the 
formation and capabilities of the MAS. Therefore, 
changes in the environment may reach a level that the 
determined organizational paradigm would be no 
longer suitable for the MAS. Putting these facts 
together, brings us with the idea of changing the 
organizational paradigm at run time. Because, 
keeping on with one paradigm that is selected by a 
designer, may not work towards the expected utility 
of the system. 

Based on [12], in a self-organizing MAS, the 
interactions and collaborations of agents are defined 
based on roles and organizations. Therefore, in this 
paper we are working on an organization model for 
MASs that provides agents with the ability to change 
their organizational paradigm, while doing their tasks 
based on the application they are designed for. Many 
researchers have proposed different organizational 
paradigms and the process to form that organization, 
for different situations [13-16]. But enabling the 
system to select a new paradigm and change its 
current paradigm at runtime is not covered by 
researchers before.  

To sum up, our proposed organization model 
provides the MASs with the ability to change their 
organizational paradigm at run time. In this 
organization model, the agents will have additional 
roles alongside their application related roles that 
enables them to detect the need for changing the 
organizational paradigm and select a new proper one. 
They will be able to form a new organization based 
on the selected new paradigm and reorganize 
themselves. 

The rest of the paper is organized as the 
following: the next section includes analyzing related 
works. Next, the basic concepts are discussed. Our 
proposed organization model is presented afterwards. 
Simulation and Evaluation comes next and we 
conclude the paper at the end. 

II. RELATED WORKS 

There are plenty of works that provide an 
assessment on the suitability of a specific paradigm 
for a specific application like the one in [17]. But they 
do not provide a general mechanism for every 
application. The basic paradigms that we refer to, are 
presented in [10]. In this paper, authors provide 
different paradigms, their characteristics and the 
mechanisms for their formation. Related 
environmental situations to each paradigm is also 
presented. Based on this paper, the different 
organizational paradigms can be modified or 
combined together to present new paradigms. In our 
assessment and evaluation of our presented 
organization model,  we use two of the paradigms in 
this paper (Hierarchy and Federation) and one that is 
a combination of those two paradigms (Federation-
Hierarchy) and is introduced in [16]. But, the 
proposed model is not limited to a specific paradigm.  

The first attempt for enabling agents to gain a 
formation and keep the organization at run time, can 
be seen in [18]. In this paper, authors provide a 
framework for MASs that enables agents to 
reorganize their organization at run time and call it 
OMACS. This framework provides a basis for 
reorganization of the agents and detecting important 
agents for this reorganization. But, the reorganization 
process includes only getting back to the initially 
specified organizational paradigm and selecting a 
new one is not considered. In our proposed 
organization model, the agents are able to keep their 
current organization based on their roles and change 
the organizational paradigm whenever it is necessary.  
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The MACODO middleware for MASs is 
presented in [12]. A part of this middleware is an 
organization model for MASs that enables agents to 
reorganize and keep their interactions and 
communications. A MACODO enabled MAS can 
also organize itself and maintain its organization and 
robustness. But, they also do not provide a solution 
for selecting a new organization paradigm at run 
time. 

Corkill and et al in [19] mention organization as 
an important mechanism for having a better 
performance in MASs that work in complex 
environments. In this paper, the authors explore the 
effectiveness of two of the organizational paradigms. 
This assessment is so close to the goal of our paper 
which is increasing the utility of the MAS. But yet, 
they also do not provide a runtime selection 
mechanism for organizational paradigms. Also, their 
approach is not general and depends on the 
application of the MAS. 

The authors in [20] focus on using MASs in real-
time strategy games and the impact of utilizing the 
organizational paradigms in such environments. 
They measure the performance of the system while 
using different organizational paradigms for the 
system. They do the examination on four different 
paradigms. This work provides a comparison 
between different performances of the system using 
different organizational paradigms. But the 
paradigms are selected by the designers and applied 
on design time. It means that the system cannot 
change and select its paradigm like our model does. 
Furthermore, the assessment is done for a specific 
application (real-time strategy games) and does not 
provide a general solution. 

The authors in [21] provide an application 
specific approach for multi-agent systems to solve the 
Multi-Robot Observation of Multiple Moving 
Targets Problem [22]. In this approach, target agents 
can gain multiple structures or organizational 
paradigms and observer agents are supposed to be 
able to monitor them. This approach uses predefined 
situations in which the target agents can gain a new 
organizational paradigm and does not provide a 
mechanism for selecting a paradigm based on the 
environmental changes. 

III. BASIC CONCEPTS 

Before getting to the Proposed Model section, we 
will discuss the basic concepts that we used in our 
model. This organization model is presented for self-
organizing MASs. Based on [23], organization in 
MASs means a set of agents interacting and 
cooperating together based on a number of roles, to 
satisfy a specified goal. Using organizations enables 
a group of simple agents to do big and complicated 
tasks [10]. 

Based on [8] A self-organizing MAS gains an 
organizational paradigm at design time and builds its 
structure based on that paradigm. As we mentioned 
in Related Works section, a model that provides the 
ability to change the organizational paradigm at run 
time is not available. Also, based on [7], using 
planning, negotiation and decision techniques in 

MASs are good solutions to enable agents to decide 
together on selecting a new paradigm for the system. 
Therefore, we aim to realize our idea of MASs being 
able to change their paradigm at runtime, by applying 
these techniques to MASs. Hence, we will need a 
decision making mechanism for the agents. 

Based on [24], there are different techniques for 
the agents to communicate and interoperate in a 
MAS, to make a decision based on their common 
interests. Some of the coordination protocols for 
agents are Contract-Net, Blackboard Systems, 
Negotiation, Market Mechanisms and Voting. 
Among these protocols, Contract-Net is a protocol 
that is used as a solution for connection problem. The 
connection problem is about finding the best agent to 
do a task. This task can be finding the best 
organizational paradigm. Therefore, if we generalize 
this concept, we can use it as a way to find the best 
organizational paradigm for a MAS. 

In this protocol, an agent that wants a mission to 
be done, is called the manager and potential agents to 
accomplish that mission are brokers. A manager 
announces some tasks to be done (here, changing the 
current paradigm) and brokers propose their 
proposals if they are able to do that job. If their 
proposals are approved by the manager, the broker 
will start the task. It should be noted that these roles 
are not the primary roles of the agents. Agents have 
their own primary roles in the application they are 
designed for. These roles are assigned to the agents 
when it is necessary to change the current paradigm.  

In a Contract-Net protocol, a contract means 
establishing some rules to have a better management 
of missions in a changing environment. A mission 
consists of some tasks that need to be done for that 
mission to be accomplished. Contracts help an agent 
to do its tasks and are the basis for coordination 
among those agents. The Contract-Net protocol 
consists of a loop of announcement, propose and 
giving awards.  

IV. PROPOSED MODEL 

In our proposed organization model, we try to 
enable a MAS to evaluate its current organizational 
paradigm and change it at runtime, whenever it is 
necessary. This can be realized by changing the 
connection and communication of the agents in a 
MAS. The new paradigm is selected and applied, 
whenever the current paradigm is no longer satisfying 
the expected utility of the system. The newly selected 
and applied paradigm is supposed to take the value of 
the utility of the system back to the amount that is 
expected. The utility value of a system can be defined 
based on different applications and criteria. We will 
discuss more on utility later in this paper. 

For the sake of clarity, we will present our 
organization model using a scenario. Let's consider a 
scenario in which our model will engage: a MAS is 
working and its organization is held upright by its 
agents, communicating and interacting with each 
other. As in self-organizing MASs, whenever a 
change happens in the environment, the agents 
reorganize to keep their organization (changes can be 
losing an agent or joining of a new one). But, what if 
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the changes in the environment take the system 
towards a situation that makes current paradigm not 
suitable enough? There are several situations in 
which this can happen. For example, two MASs are 
going to merge to each other, some agents are broken 
and cannot work anymore and there are not enough 
agents to take their roles, there is some kind of 
competition between agents to use resources, there is 
an increase in computation load and etc. A solution is 
to stop the system and change agents' implementation 
to provide them with the ability to form a new 
suitable organization. But this solution has the cost of 
stopping the system. Another solution would be 
enabling the system with the ability of changing its 
organizational paradigm at runtime.  

So far, our model has some requirements to be 
realized. Model Requirements and Proposed 
Solutions. shows the requirements of our proposed 
model and the equivalent solution we propose for 
those requirements.  

TABLE I.  MODEL REQUIREMENTS AND PROPOSED 

SOLUTIONS. 

Model Requirements Equivalent Solutions 

Agents need to communicate Using coordination-
cooperation protocols 

Agents need to decide 

together 

Using negotiation protocol 

The new paradigm should be 
suitable for the environment 

Using agent-based approach 
of negotiation protocol 

Agents should apply their 

decision 

Using Contract-Net protocol 

 

To apply the Contract-Net protocol and enable the 
agents to decide on changing and selecting a new 
organizational paradigm, we proposed an 
organization model for MASs. Fig. 1 illustrates our 
proposed model. This model shows the main 
components of a MAS that is able to change its 
current organizational paradigm on demand. As you 
can see, there is a database to record the data about 
the history of operations, a manager agent and at least 
one broker agent. The broker agent's mission is to 
apply the paradigm that is selected by the manager. 
The manager agent knows about goals of the system 
and also the environmental changes. It can access the 
database and select the best organizational paradigm 
based on those goals and changes. In the following, 
we provide the description of components in this 
model: 

• Multi-Agent System or MAS: this is the whole 
MAS and has one Manager Agent, one Broker Agent, 
lives in one to many Environmental Situations, 
organizes itself based on selected Organizational 
Paradigm, and is designed to realize an application 
and therefore, it has some goals to be satisfied. 

• Application and Goals: a MAS is designed to 
realize one or more applications and each application 
pursues at least one goal. 

• Environmental Situation: as we will see, there may 
be different Environmental Situations for a MAS. 
The Broker Agent monitors these situations to 
calculate utility and update the Database based on 
them. 

 

Figure 1. Proposed Organization Model for MASs. 
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• Manager Agent: the Manager Agent is the one 
agent that selects Organizational Paradigms for the 
MAS using information recorded on Database. 

• Broker Agent: the Broker Agent is the one that 
updates the Database. For each Organizational 
Paradigm, there will be one Broker Agent in the 
MAS. Assigning both Broker and Manager Agent 
roles to agents may have different metrics that is not 
the subject of this paper. We used some metrics that 
will be described in the Simulation and Evaluation 
section. 

• Organizational Paradigm: The formation and 
topology of a MAS is determined by an 
Organizational Paradigm. Organizational Paradigm 
determines the main roles for agents and the way they 
can communicate. 

• Database: Database keeps the historical 
information about how the Organizational Paradigms 
that have been working out for the MAS. This can be 
preserved by recording the utility of using a paradigm 
in the Database. The Database can be established by 
one of the agents or can be remotely available as a 
service for the agents. 

In this model, agents will have access to the 
database. The database is empty at first and each 
agent is responsible for writing some information on 
it. These information are resulted from the activities 
and interactions of the agents. The manager agent 
will be using (reading) the database and the broker 
agents will update it. The database is used in order to 
help the manager with using and utilizing previous 
experiences, for selecting a better paradigm, when it 
is necessary to change the current one. In the 
beginning of the paradigm change process, when 
there are some environmental changes that gets the 
utility of the system to an amount that is lower than 
the expected threshold, there are no historical 
information about the utility of the system using other 
paradigms. But as time goes by and agents update 
data of the database, new decisions will be made 
more wisely. 

Fig. 2 illustrates a general schema of the tables of 
the database. As you can see, there is one table for 
each of the environmental situations and there are two 
columns in that table. One column referrers to the 
name (or number) of the paradigm and another one 
refers to the value of the utility of the system, resulted 
from using that paradigm. Each of the tables will have 
the results of using Paradigm Pj in Environmental 
Situation Ei and the resulted Utility Uij. 

For an environmental situation to be recorded in 
the database, we need to quantify it. As in [25], there 
are some criteria that can be assumed as 
environmental situations in a MAS. These criteria are 

 Environment Ei 

Utility Uij Paradigm Pj 

Figure 2.  A general schema of the tables of the database. 

 

suitable for providing a quantitative value for 
environmental situations: 

• Number of agents 

• Computation time needed for an agent to do its 
tasks 

• Memory needed for an agent to do its tasks 

• States of an agent like idle, waiting, active, etc. 

• Connections among agents 

• Dependency among agents 

In this paper, we focus on the number of agents as 
the environmental situation. 

For more clarification, we provide an example of 
how the manager uses historical data of the database. 
For example, after a while that the system is running, 
tables are filled for environments E1, E2 and E3. For 
each environment, using paradigm P1 results in 
utilities U11, U21, U31. The same thing happens for 
P2 and P3. After a while we will have a database as 
Fig. 3 that illustrates the tables filled with the values 
of this example.  

Let's suppose as a designer, we design a MAS and 
put some agents in it. Based on [26], it is a task for 
the designer to select an organizational paradigm for 
the system. This organizational paradigm should be 
selected based on characteristics of the environment 
in which the system is going to execute. But, based 
on our organization model, we select one of agents to 
be a manager and give it the task of management, to 
change organizational paradigm if needed. The 
manager has the management role alongside its other 
roles. 

Since we design the system to be a self-
organizing MAS, we can comprehend that the agents 
try their best to have a cooperation to do their task 
and solve the problem that the system is designed for. 
Therefore, if the system is in a state that its utility is 
lower than its expected utility, in terms of a certain 
amount, it is time for the system to have a new 
organizational paradigm. In another words, the 
environment of the system has been changed so much 
that the current organizational paradigm is no longer 
suitable enough. This is when a change in 
organizational paradigm is going to happen. 

One of the agents (other than the manager) is 
selected as the broker. The selection of this agent 
 

E1 

U11 P1 

U12 P2 

U13 P3 
 

E2 

U21 P1 

U22 P2 

U23 P3 
 

E3 

U31 P1 

U32 P2 

U33 P3 
 

Figure 3.  Examples of tables in database. 
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does not have any limitation and it can be any of the 
agents based on the organizational paradigm. The 
broker agent also can have the broker role alongside 
its other roles. This agent is the one that submits the 
utility of the system to the rows of the database. Each 
time the broker submits the utility, it actually submits 
an average of the new utility and previously recorded 
ones to the database. This way, the history of the 
system is used in the results. 

In the following, we will describe the steps of the 
process of changing the current paradigm and 
selecting a new one: 

Step one: in the first step, if the manager 
recognizes that a change in paradigm is required, 
since there is no history of change of the paradigm, it 
selects a paradigm randomly. The result may be one 
of the followings: 

1. The resulted utility is worse or cannot satisfy the 
expected utility. In this state, another paradigm gets 
selected and system gets back to step one. 

2. A better utility is gained and it can satisfy the 
expected utility. In this state, the new paradigm is 
confirmed and the system works with it. If new 
changes happen to the environmental situation and 
the utility goes down, system enters to step two. 

Step two: In this step, the database has some 
information about utilizing other paradigms for the 
system. In this situation, the manager compares the 
resulted utility against the recorded utility in database 
and the result may be one of the followings: 

1. The new environmental situation is recorded 
before and the manager can easily select the proper 
paradigm. For example, the value of new 
environmental situation is Ei and it is recorded in the 
database. In the table of Ei, the best Utility Uij is 
related to Pj and therefore, the Pj would be selected. 

2. The new environmental situation has not happened 
before. In this state, the manager should consider the 
following situations: 

1.1. If the new environmental situation has a value 
between two of the values recorded before, the 
manager should add the utility of those two 
environmental values for each paradigm and 
then select the paradigm with maximum value. 
Let's assume the new environmental situation 
has the value Ej and there are tables with values 
Ei and Ek in the database in such a way that the 
relation Ei<Ej<Ek is true. In the table Ei, the 
values Ui1, Ui2 and Ui3 are recorded for P1, P2 
and P3. Also in the table Ek, the values Uk1, 
Uk2 and Uk3 are recorded for P1, P2 and P3. 
The manager will use the values Ui1+Uk1, 
Ui2+Uk2 and Ui3+Uk3 and select the 
paradigm that is related to maximum value. For 
example, if Ui2+Uk2 is the maximum value 
(maximum or minimum based on the 
application), the P2 will be selected and applied 
to the system. Also a new table will be created 
for Ej. 

1.2. If the new environmental situation has a value 
more than ever recorded, the last two tables 
with lesser environment values than new 
environment value should be considered. Then 
the manager will add the utility for each 
paradigm in those tables and select the 
paradigm with maximum value. Since it can be 
concluded from the example described in the 
previous step and for the sake of lack of space, 
we will not describe this step with an example. 

1.3. If the new environmental situation has a value 
less than ever recorded, the first two tables with 
greater environment values than the new 
environment value should be considered. Then 
the manager will add the utility for each 
paradigm in those two tables and select the 
paradigm with maximum value. 

The maximum value refers to the value of the 
utility that should be increased. But the criterion that 
is used by the system to calculate the utility, may 
differ based on the application of the MAS. For 
example, if the utility is performance of the system 
and the performance means the time duration to get 
to the desired temperature, as in our scenario that will 
be explained in the next section, then the time value 
should be minimum. Therefore, the designer of the 
system should provide a formula for the utility, based 
on the criterion that the system is using. Fig. 4 
illustrates the flowchart of the process of changing 
the current paradigm. 

V. SIMULATION AND EVALUATION 

In this section, we present the evaluation of our 
proposed organization model by simulating a Smart 
Home scenario. The scenario is about controlling the 
temperature of the house. We used Java Agent 
DEvelopment or JADE framework [27] to simulate 
the Smart Home scenario. JADE is one of the most 
used tools in simulation of MASs.  

A Smart Home can control many aspects of lives 
of its residents. One of the applications of the Smart 
Homes is the comfort of its residents. In this paper, 
we work on controlling the temperature of the house. 
Authors in [28] provide a thorough description of this 
scenario. In this scenario, we consider the number of 
agents to be the value of the environmental situation 
or E, paradigms would be P and the time duration to 
get to desired temperature would be used to calculate 
the utility or U. As we mentioned before, in this 
scenario, our goal is to maximize this utility. 
Therefore, we should provide a formula for the utility 
based on the time duration. Formula 1 shows this 
relation between utility and time duration. 

 

Formula 1 𝑈 =  
1

𝑇
 ∗ 100 

 

In this formula U is the value of the utility and T 
is the time duration to get to the desired temperature. 
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The utility has a reverse relation with the time 
duration. Because as in our scenario, it is good to 
decrease the time duration to get to the desired 
temperature. Then the value is multiplied by 1000 
just to get a better visualization in charts. 

In this scenario we assume that the MAS can have 
three different organizational paradigms: Hierarchy, 
Federation [10], and Hierarchy-Federation [16] 
Paradigms. These paradigms are defined for the 
agent as an initial knowledge. To provide this 
knowledge, we provided each agent with three 
different behaviors. Each behavior is used to 
construct the connections of the agents, based on one 
of the paradigms. Therefore, the agents already know 
how to construct an organization with any of the 
three paradigms. The behavior concept is the 
mechanism in JADE to enable agents with abilities. 
We used this mechanism to make it easy to add 
knowledge of any new paradigm. The details of our 
simulation is described in the following. 

In a hierarchical organizational paradigm, the 
agents are connected together through a tree. Any 
agent in a higher level has a wider view on the 
situation of the environment. In this paradigm, the 
flow of information is bottom-up and the flow of 
orders is up-down. Fig. 5 illustrates this 
organizational paradigm. 

 

Figure 4.  A Hierarchical organizational paradigm [10]. 

 If the system gains the hierarchy organizational 
paradigm, the chain of commands and information 
should also be hierarchical. Therefore, the agents 
placed in leaves of the tree (a hierarchy can be 
assumed as a tree and the agents in the farthest point 
from the root, are leaves that have a parent but have 
no children) give the information of measured 
temperature to their parents and the parents do the 
same thing, until the information gets to the root. The 
root agent has the information about desired 
temperature. Then the root agent calculates average 
information using the number of leave agents, 
compares it with the desired temperature, and if any 
changes is required, returns the command through 
the tree to the leave agents. Fig. 6 provides the 
pseudo code for shaping up a hierarchy 
organizational paradigm and working towards 
scenario goals.

 
Figure 5. Process of changing the current paradigm. 
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Figure 6.  Pseudo code for shaping up the hierarchy 

organizational paradigm. 

In a federation organizational paradigm, agents 

are in different groups and give an amount of 

autonomy to the delegates of those groups. The 

agents of a group are connected to other groups 

through the delegate of their group. Fig. 7 illustrates 

a federation organizational paradigm.  

If the system gains federation organizational 
paradigm, the agents of each group give measured 
temperature to their delegate and each delegate 
calculates the average temperature of its group. Then 
the delegate agent compares the average temperature 
against the desired temperature and if changes are 
required, the delegate indicates them to the agents of 
its group. Fig. 8 provides the pseudo code for shaping 
up a federation organizational paradigm and working 
towards scenario goals. 

In a federation-hierarchy organizational 
paradigm, the agents are grouped like the federation 
organizational paradigm, but the groups also are 
placed in different levels. This helps the MAS to have 
benefits of using up-down flow of orders alongside 
the local decision making of the agents in their 
groups. Fig. 9 illustrates a federation-hierarchy 
organizational paradigm. 

 

 

Figure 7.  A Federation organizational paradigm [10]. 

 

Figure 8.  Pseudo code for shaping up the federation 

organizational paradigm. 

 

 

Figure 9.  A Federation-Hierarchy organizational paradigm 

[16]. 

If the system gains federation-hierarchy 
organizational paradigm, agents in each group will 
measure the temperature and give the information to 
their delegate. The delegate calculates the average 
and sends the results to the supervisor agent (a role 
defined for Federation-Hierarchy organizational 
paradigm). Then the supervisor does the required 
average calculation and comparison against desired 
temperature. Fig. 10 provides the pseudo code for 
shaping up a federation organizational paradigm and 
working towards scenario goals. 

In all three pseudo codes, the final step is 
RunScenarioUntilBalanced(). Running the scenario 
until the system is balanced, means for the 
environment of the system to get to the desired 
temperature. In the hierarchy paradigm, the broker 
agent would be the agent in root of tree. In the 
federation paradigm, the broker agent is 
(conventionally) one of the delegates. In the 
federation-hierarchy paradigm, the broker agent is 
the agent in root. The broker agent is the one that 
measures time duration of getting to the desired 
temperature and writes it on the database. 

As we mentioned before, there are different 
criteria that can be supposed as environmental 
situation in a MAS. In this paper, we chose the 
"number of agents" criterion to measure. Therefore, 
when we talk about the value of E, we mean the 
 

 

Figure 10.  Pseudo code for shaping up the federation-hierarchy 

organizational paradigm. 
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number of agents. We suppose that the system is 
working in a building with 5 floors and each floor 
has20 rooms. Based on the desired temperature for 
each room, the number of agents in each room may 
be different. The number of sensors and actuators in 
each room is also 20. 

In the beginning of the evaluation, the system 
starts with one of the paradigms. Agents get 
organized and when the system starts its application 
(temperature balancing) the changes are applied to 
the temperature by agents and meanwhile, the broker 
agent writes the time duration of getting to the 
desired temperature on the database. In this phase, we 
change the number of agents as the environment 
value. As we mentioned before, if the time duration 
to get to the desired temperature exceeds the 
specified threshold, the manager will select a new 
paradigm randomly. This process keeps going until 
the suitable paradigm is selected. 

For a better understanding of what happens when 
the paradigm of the system is not changed, we 
provided a chart for each paradigm to work with 
different values of E. As you can see in Fig. 11 the 
horizontal axis shows the number of agents or value 
of E, the vertical axis shows the utility of the system 
getting to the desired temperature or U, the values in 
blue columns show Utilities measured using 
hierarchy paradigm (U(H), right columns), the values 
in brown columns show Utilities measured using 
federation paradigm (U(F), middle columns), and the 
values in grey columns show Utilities measured 
using federation-hierarchy paradigm (U(FH), left 
columns). 

To get these results, we tested each paradigm 
with different number of agents. The numbers are 50, 
100, 200, 500, 750, 1000, 1500 and 2000 agents. For 
each number we executed the tests multiple times to 
get more accurate results. The average Utility for all 
paradigms and number of agents, based on Formula 
1 is 32. Fig. 11 illustrates that keeping one paradigm 
in different environmental situations is not always 
beneficial. As you can see, for example, after 
changing the value of E from 200 to 500, if the 
system uses hierarchy paradigm (blue or right 
columns), the value of utility is decreased suddenly. 
But if the system could change its paradigm to 
federation or federation-hierarchy paradigm, it 
would be much better for the U value. 

To test the functionality of our organization 
model, we considered a building with 50 initial 
number of agents. The initial organizational 
paradigm for this MAS is hierarchy paradigm. The 
desired temperature is 23 Centigrade and the 
threshold for Utility is upper than 33. We change the 
number of agents (value of the environment in our 
scenario) as the input for model. Error! Reference 
source not found. shows our assumptions for the 
simulation. 

We executed the simulation multiple times (1000 
runs) and let the broker agents (for each paradigm) 

measure time duration for the system to get to the 
desired temperature in different number of agents as  

 

E and for three different organizational paradigms. 
The broker agents recorded these information in the 
database so the manager could use this information 
in different situations. Fig. 12, Fig. 13, and Fig. 14 
show the result of changing paradigms at run time. 
As you can see, the results, using the proposed 
model, are always upper than the results without 
using the proposed model. For example, Fig. 13 
compares the value of utility when using proposed 
organization model against this value when keeping 
up with the hierarchy organizational paradigm 
(Brown color or left columns show the value of 
utility for the proposed model and the blue color or 
right columns show the value of utility for the 
hierarchy paradigm) 

These figures show that whenever the utility of a 
paradigm is the maximum one, the manager selects 
that paradigm and this keeps the utility in the desired 
threshold. As you can see, the average utility for the 
system to get to the desired temperature now is 41. 

Our model is able to keep the average value of 
utility over 33 in different number of agents or E. 
Whenever the utility value goes under 33, the system 
selects another paradigm and the new paradigm helps 
system keep the value of time duration under 30. 

Also, as we mentioned before, the average utility 
for the test without our model was 32 and for the test 
with our model is 41. This shows a 28% 
improvement in U. Fig. 15 illustrates these results. 

TABLE II.  ASSUMPTIONS OF THE SIMULATION. 

Value Assumption 

Number of agents as E 50, 100, 200, 500, 750, 1000, 

1500, 2000 

Valid value for Utility to 
get to the desired 

temperature as U 

>33 

Paradigms Hierarchy, Federation, 
Federation-Hierarchy 

Desired Temperature 23 centigrade 

Initial E 50 

Initial paradigm Hierarchy 

Figure 11. The values of utility when our model is NOT in use. 
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Number of executions 1000 runs 

  

 

 

 

VI. CONCLUSION 

In this paper we proposed an organization model 
for Self-Organizing MASs that enables these systems 
to change their organizational paradigm at run time. 
This model is inspired from Contract-Net protocol 
which is a communication and interoperation 
protocol for agents in MASs. To apply this protocol 
to our system, we defined two roles for the agents: 
Manager and Broker agents. Agents can have these 
roles alongside their other roles that are based on the 
application that system is designed for. 

We designed a Smart Home scenario in which the 
agents are responsible of controlling the temperature 
of an environment and used this scenario to evaluate 
the proposed model. We simulated this scenario 
using JADE, a popular java framework for agent-
oriented development, and gathered the results and 
compared them with and without using the proposed 
model. 

The results show that with applying our 
organization model to the MAS, the utility of the 
system (performance in our scenario) is improved 
about 28 percent. The model works properly and 
agents select the best paradigm whenever the 
changes in the environment are too much that we 
need to have a new paradigm for the system. The 
evaluation is done using three organizational 
paradigms, Hierarchy, Federation, and Federation-
Hierarchy paradigms. In the future we are going to 
test our model using more paradigms and do the 
evaluation in a real word environment. Also, we are 
going to enrich our agents' implementation with 
some initial information on when to select which 
paradigm using the characteristics of paradigms. This 
way, the random selection of agents at the beginning 
with empty database will no longer be necessary. 
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