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Simulation and Analysis of Virtual 
Organizations of Agents 
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Abstract. Nowadays there is a clear trend towards using methods and tools that 
can help to develop multiagent systems (MAS). Thanks to the contribution from 
agent based computing to the field of computer simulation mediated by ABS 
(Agent Based Simulation) is obtained benefits like methods for evaluation and vi-
sualization of multi agent systems or for training future users of a system. This 
study presents a multiagent based middleware for the agents behavior simulation. 
The main challenge of this work is the design and development of a new infra-
structure that can act as a middleware to communicate the current technology in 
charge of the development of the multiagent system and the technology in charge 
of the simulation, visualization and analysis of the behavior of the agents. The 
proposed middleware infrastructure makes it possible to visualize the emergent 
agent behaviour and the entity agent in a 3D environment. It also allows to design 
multi-agent systems considering organizational aspects of agent societies.  
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1   Introduction 

The contribution from agent based computing to the field of computer simulation 
mediated by ABS (Agent Based Simulation) is a new paradigm for the simulation 
of complex systems that require a high level of interaction between the entities of 
the system. Possible benefits of agent based computing for computer simulation 
include methods for evaluation of multi agent systems or for training future users 
of a system [6]. Many new technical systems are distributed systems and involve 
complex interaction between humans and machines, which notably reduce their 
usability. The properties of ABS makes it especially suitable for simulating this 
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kind of systems. The idea is to model the behaviour of the human users in terms of 
software agents. However, it is necessary to define new middleware solutions that 
allow the connection on ABS a simulation software.  

This paper describes the results achieved towards a multiagent-based middle-
ware for the agents’ behavior simulation. The middleware, called MISIA (Mid-
dleware Infrastructure to Simulate Intelligent Agents), allows simulation, visuali-
zation and analysis of the agent’ behavior. MISIA makes use of technologies for 
the development of multiagent systems known and widely used, and combines 
them so that it is possible to use their capabilities to build highly complex and  
dynamic systems.  

The article is structured as follows: Section 2 makes a review of the most im-
portant requirements and the reasons that led to the realization of this research. 
Sections 3 introduces a description of the middleware specifically adapted to the 
simulation of virtual organizations within dynamic environments. Finally, some 
results conclusions are given in Sections 4 and 5. 

2   Background and Requirements 

Nowadays, MAS (Multi-Agent Systems) are widely used in various fields due to 
their inherent properties such as autonomy, local view, decentralization, coordina-
tion or cooperation among agents to solve a general problem. MAS based on or-
ganizational concepts coordinate and exchange services and information; they are 
capable of negotiating and coming to an agreement; and they can carry out other 
more complex social actions. At present, research focusing on the design of MAS 
from an organizational perspective seems to be gaining most ground. The emer-
gent thought is that modeling the interactions in a MAS cannot be related  
exclusively to the actual agent and its communication capabilities; instead, organi-
zational engineering is necessary as well. The concepts of rules, norms and institu-
tions [8] and social structures [18] are rooted in the idea of needing a higher level 
of abstraction, independent from the agent, that explicitly defines the organiza-
tions in which the agents reside. MAS developers have focused their efforts on the 
organizational aspects of agent societies, using the concepts of organization, 
norms, roles, etc. Virtual organizations (VO) [9] are a means of understanding 
system models from a sociological perspective. VO have been usefully employed 
as a paradigm for developing agent systems [9]. One of the advantages of organi-
zational development is that systems are modeled with a high level of abstraction, 
so the conceptual gap between real world and models is reduced. Also this kind of 
system offers facilities to implement open systems and heterogeneous member 
participation. 

There are several different organizational approaches and platforms:  
JADE [17], S-Moise+ [13], RETSINA [11], Jack [12], EIDE [7], RICA-J [20], 
JASON [2], SIMBA [3], THOMAS [4]. However, the designers must implement 
all the features of simulation, if required; for example, in cases where it is neces-
sary to take into account for both microscopic features, such as specifying the  
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language between agents, as macroscopic characteristics that make up the target 
in a simulation.  

On the other hand, thanks to the contribution from agent based computing to 
the field of computer simulation mediated by ABS is obtained benefits like me-
thods for evaluation and visualization of multi agent systems or for training future 
users of the system [4][21]. Mainly there are two ways for visualizing multiagent 
systems simulation: the agents interaction protocol and the agent entity. In the 
former, it is visualized a sequence of messages between agents and the constraints 
on the content of those messages. On the other hand, the latter method visualizes 
the entity agent and its iteration with the environment. Most software programs, 
such as JADE platform [1][17] and Zeus toolkit [5], provide graphical tools that 
allow the visualization of the messages exchanged between agents. The toolkits 
MASON [14], Repast [15][19] [16]and Swarm [22] provide the visualization of 
the entity agent and its interaction with the environment. There are other works 
like Vizzari et al. [23] where is developed a framework supporting the develop-
ment of MAS-based simulations based on the Multilayered Multiagent Situated 
System model provided with a 3D visualization.  

It is necessary a software that allows to join characteristics of multi-agent sys-
tems and agent-based simulations systems. It is also fundamental in the field of 
ABS considering the agents from the viewpoint of cooperative, where becomes 
more important the purpose of the society and the rules and regulations that  
govern and control the behavior of its entities. It is interesting to have a platform 
of agents that allows to design multi-agent systems with the possibility of simula-
tion and analysis of results, and moreover provides a module to define VO.  
The platform, therefore, must support frames coordination between agents, in  
addition to being able to dynamically adapt to changes in its structure, goals or 
interactions. 

3   MISIA Adapted to VO 

The platform that meets the above requirements is called MISIA (Middleware In-
frastructure To Simulate Intelligent Agents) [10]. It is a platform that acts as mid-
dleware for simulation and visualization of multi-agent systems. It results from the 
union of two existing agent platforms: JADE, a platform widely used that comply 
with the FIPA standards, and Repast, used in the field of Agent Based Simulation. 
In addition to the union of both platforms, includes an additional module that will 
define Virtual Organizations of agents.  

The main concept introduced in this study is the notion of time in JADE, which 
means that the events that occurred on this platform, such as messages between 
agents, will be uniquely sorted thanks to the global time provided by Repast. A 
schematic approach of the platform shown in the figure below: 
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Fig. 1 MISIA Functional Approach 

MISIA consists of four functional blocks:  

1. Jade Layer. Its overall purpose is to adapt JADE to the simulation time. To 
this end, certain changes are required on the platform, such as: (i) designing a new 
template agent, which inherently manages time of the simulation; (ii) the adapta-
tion of ACL messages containing current time information found in the simula-
tion; (iii) a mechanism (synchronizer agent) to act as overall platform clock (in 
charge of the redistribution of-time events from Repast to JADE and of the notifi-
cation to all JADE agents in terms of total ordering; (iv) or redefinition of the 
FIPA protocols provided by JADE which allow the programmer forgets tasks such 
as message handling and continues using these code templates in the new platform 
but, with the notion of time [10]. 

2. Repast Layer. It is a layer in direct contact with Repast. It is primarily re-
sponsible for the control of time of the platform: when an event goes by, it notifies 
the agent JADELlayer Synchronizer. In this module is where all agents 
represented in Repast inhabit . 

3. Intermediate Layer. It is the union of the two adjacent layers. In addition to 
allowing the flow of information from one layer to another, manages the corres-
pondence between agents of the type MISIA Agent of the JADE Layer and Layer 
Repast representatives. While an agent's reasoning and its communication proper-
ties will reside in the mold MISIA Agent, representation in the simulation is dele-
gated to agents living in Repast Layer, so that an agent is divided in its logic and 
its figure. 

4. Virtual Organization Data Base. It is a database connected to the platform 
that stores all the information about a virtual organization. This includes agents, 
work units, services, roles and societal norms.  

  4.1. Agents stores all the agents that are part of the virtual organization. 
  4.2 Work Units are the different groups that compose the VO. The platform is 

capable of managing any hierarchy of units no matter how many predecessors 
have a particular grouping. 
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  4.3. Services acts as DF (Directory Facilitator) of a multi-agent platform with 
FIPA specification: it records all the services offered by agents. 

  4.4 Roles defines the different roles an agent can take. There is a direct rela-
tionship between the roles and services because for that an agent can play a certain 
role, it is necessary to offer services that role imposes by definition. 

  4.5 Societal Norms establishes rules that govern society. There are preset rules 
already on the platform, they are a series of rules that must be fulfilled by any VO, 
as is the fact that when an agent logs into a virtual organization must be clearly 
identified, or that is to say , must belong to a Work Unit, and must play a certain 
role; or the fact that only an agent who offers all services that a role requires, can 
adopt that role during his lifetime. The syntax of the rules that define the end user 
as well as compliance with them is delegated to the case study in particular. The 
objective of this idea is not to restrict the type of rules can be defined with a pre-
defined syntax, leaving it open to increase the range of possibilities.  

This module, in addition to serving as a database, ensures that these standards in-
herent to the platform are met at all times. 

The access to the database of the virtual organization is done through an inter-
face that provides the platform, that is, OVMisiaAgent agent services, manager of 
the same. These services allow all queries and modifications that obey the estab-
lished rules. Following this scheme are clear potential bottlenecks: large numbers 
of requests for services of the same agent. In following sections, it proposes a 
scheme followed in a case study, which reduces this problem, through load shar-
ing by means of permits, and intended to serve as a general model, regardless of 
the purpose of case study. 

4   Experimental Results 

It has been developed a case study to create a multiagent system aimed at facilitat-
ing the employment of people with disabilities, so it is possible to simulate the be-
havior of the agents in the work environment and observe the agents actions 
graphically. Every job is composed of a series of tasks. Agents representing the 
workers have to do them, and according to their capabilities, carry out the assign-
ment with varying degrees of success. The main objective of this application is  
the search for the optimal arrangement for employees to achieve greater labor 
productivity in a given environment. And which would also serve as a prolepsis  
of the reality of situations, helping to improve the employability of people with 
disabilities. 

The application is modeled as a multi-agent system where each element is 
represented as an agent: employees, jobs, architectural barriers, and so on. The of-
fice environment is simulated three-dimensional way with Unity 3D1 engine, and 
allows to configure different architectural barriers, like a broken fire alarm, the 
door of an office too narrow, inclined ramps or a elevators broken. 

                                                           
1 http://unity3d.com 
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The messages exchanged between different agents in the platform are translated in-
to interactions, movement, or specific actions in the three-dimensional environment, 
according to the content of the message.  

Therefore, the communication between the agent platform and Unity must be 
bidirectional: on the one hand, the creation of agents, or interactions between them 
must be notified from themulti-agent platform to simulation environment of Unity. 
On the other hand, when setting up an architectural barrier, it is necessary to notify 
of this change of state to the agent that represents it in MISIA. In the latter case it 
is necessary to send an event with source in Unity and destination in MISIA. This 
communication is implemented using sockets. Specifically, two TCP (Transmis-
sion Control Protocol) connections, one in each direction, following the client-
server scheme, with both servers concurrently.  

Because programming languages are different for each platform (MISIA uses 
Java and, in Unity, programming is done using scripts in C# and Unity-
JavaScript), framework JNI (Java Native Interface) is used to enable this language 
translation. Because the volume of information exchanged between the two tech-
nologies are quite diverse (creation of agents, deletion of agents, interaction be-
tween different roles, etc.), it was necessary to design a communication protocol 
between MISIA and Unity that facilitates the interpretation of the information  
exchanged. 

 

Fig. 1 Case Study: Accessibility in an Office Environment 

The system is modeled as a VO that resembles reality, where the work units 
will be the departments that make up the office. It has three main Work Unit: the 
Quality Department, Human Resources Department and Production Department. 
Production department is subdivided according to the different occupations avail-
able in the virtual office, and the Quality Department has a sub-department where 
they are located all barriers. As shown in Figure 3, the topology followed for the 
design of the VO is a federation, as it is the best structure for the case study (a  
virtual office): each unit has an agent that represent it, which is the contact with 
other organizational units. This maintains a hierarchical structure by role of each 
employee. 
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Fig. 2 Virtual Organization Structure 

In the Production Department will be placing all worker agents and the agents 
representing jobs. To maintain a complete record of all activity performed by an 
worker, each time you perform a specific task, communication is maintained with 
their respective job (exchange of ACL messages according to the protocol FIPA 
more suitable in every situation). So so you can get information from the time the 
employee took to perform a given task and the start and end of the same. 

4.1   Control Access to the VO 

One of the most common problems that a dynamic VO always has to face is the 
behavior that it must adopt when an external agent appears. The agent’s benevo-
lence can be supossed but really, the cooperation is not guaranteed. It is needed to 
maintain an strict control of the agents that belong to the VO. The Human Re-
sources Department of the organization’s structure is in charge of this manage-
ment that covers the entrance and exit of agents and the fulfillment of the norms 
defined by the end user. 

In previous sections, the existence of the OVMisiaAgent has been mentioned. 
This agent is in charge of offering the services to interact with the database, which 
store the information related to the VO. Another one of the inherent norms of a 
VO included in MISIA is that an agent that does not own an specific authorization 
cannot access directly to the database. OVMisiaAgent owns this authorization 
from the beginning, reason why it can accede to the database and is enabled to of-
fer all the management services related to database. This agent can give authoriza-
tions to other agents, so that they also can access to the database, without having 
to consume the services of OVMisiaAgent. This means that the charge can be dis-
tributed in a personalized way, which is the function carried out by the Human 
Resource Agents. These are agents playing a role that can own authorizations 
from OVMisiaAgent to access directly to the database. At any moment, indeed 
with simultaneous access, the consistency of the database is guaranteed. Moreo-
ver, this agents can define their own service interface allowing the fulfiment of the 
norms that have been previously defined in the case study. 

In this particular case study, there are two different roles at the Department of 
Human Resources: Human Resources Worker (HR) and Human Resources De-
partment Director (HB). HB keeps track of the amount of free jobs positions. 
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When an unemployed agent applies for a job, it communicates with a HR, and the 
HR first checks if he has the necessary skills (implements every service needed to 
adopt the role that it wants). Then, it asks the HB for any vacancy in the job that 
the unemployed is applying for. If everything is correct and the job can be as-
signed to him, HR will report to the new employee, giving him the information 
about his new job position and adding him into the VO. The agents that continuos-
ly are interacting with the database are provided with the specific authorization: 
insertion of new agents (since in this case, the agents with the Employer role are 
not allowed to make modifications in the Agents table of the database, which is a 
norm defined previously in the case study and the RH agents must guard by its 
fulfillment all time), verification of its services, if those services already exist in 
the database or if all the services required by the role that wish to adopt are im-
plemented. This way, the required cost to make requests to OVMisiaAgent is re-
duced to half regarding to the number of interchanged messages. 

4.2   Learning in an VO 

The main goal of Quality Department in this study case is to observe worker 
agents checking the time they spend to perform their tasks according to the archi-
tectural barriers that have affected them during the execution of that job. They are 
agents whose main goal is to learn depending on what they see. In this situation, in 
Quality Department, there are two main roles: Director of Quality Department 
(QB) and Worker of Quality Department(Q). The performance of this team is as 
follows: when a new employee joins the Virtual Organization, HR agent who gave 
him the job notifies the QB agent that a new employee exists and Quality Depart-
ment must observe him. QB delegates this task to one of their employees, Q 
agents. At the beginning, there isn’t any Q agent, but QB creates them depending 
on the number of employee agents in the Virtual Organization they have to study. 
Thus, this department adapts to the size of the Virtual Organization. Q agents 
tasks are to poll time to time to the employees who have been assigned to them, to 
know what tasks they are doing and what troubles they have when they execute 
their job, collecting details of every activity, and thus, future conclusions can be 
drawn by Quality Department, so they can readapt employees to different worksta-
tions if work efficiency can be improved with this decision. 

This same scheme can be used in other kind of Virtual Organizations, when the 
goal of the study case is not as important as the capacity of this model to collect 
information in a decentralized way. 

5   Conclusions and Future Works 

The simulation of multiagent systems in several levels of details and the emergent 
behavior is fundamental for analyzing the systems processes. This study showed 
in detail the visualization and simulation infrastructure for developing the MAS 
behavior simulators. MISIA allows simulation, visualization and analysis of the 
behavior of agents. With the MAS behavior simulator it is possible to visualize the 
emergent phenomenon that arises from the agents’ interactions.  
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Certain systems such as the case study presented in this article require well-
defined topology. The aim of the simulations is to get more realistic, and this idea 
is linked to a great number of factors to consider. With the possibility of design of 
virtual organizations, we pretend reinforce the platform with this extra factors, ap-
proaching terms of social simulation. The agent representation is doing more pho-
to-realistic: there is a 3D agent visualization in more levels of details showing the 
interaction them would make the system complete and realistic. Moreover, the in-
teractivity with the user is allowed: the user can visualize the agent state and its 
simulation individually. The platform improve the interactivity by means of allow-
ing the interaction of the specialists with the live execution besides the basic func-
tionalities such as play, pause, stop and increase/decrease the speed, by means of 
putting some substances in the position and observing the emergent behavior. As a 
future line of work, we are considering the generation of reports about the infor-
mation visualized during the simulation process in several levels of detail, which 
could increase the comprehension about the process. MISIA is the ideal frame-
work for this purpose. 
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