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Figure 3. The 3D edition environment.

The 3D viewer, which supports the representation and rendering of the environment and the
features that were previously built with the 3D editor. It is also responsible for showing the different
agents that are part of the system, making it possible to visualize the performance of the different
activities of each agent. One of the main problems that must be faced in 3D scenes is to move one model
from one point to another, so it is necessary to use an algorithm that calculates the route. In this case
Critter Al [52] was used. It is a navigation system for Unity, which offers functionality related to the
generation of navigation meshes, road search and movement management. This tool provides different
options of the route calculation algorithm to be used: Dijsktra and A*. These algorithms are used to
calculate the lowest cost path between an origin and a destination node. The nodes on which these
algorithms will search for the minimum cost path will be the ones generated in the navigation mesh.

It has been necessary to add synchronization mechanisms between the 3D viewer and the agent
platform, so that there is a correspondence between what happens on the agent platform and what is
displayed in this tool. In addition, this platform is the main way of interaction between humans and
machines, allowing experts in HR to modify the simulations based on their objectives. The operations
that can be carried out are the creation and elimination of agents and assignment of tasks. As discussed
in the previous chapter, all the operations requested from the 3D environment are communicated to
the agent platform, which will attend these requests and confirm or not its completion in order to
update the visualization status accordingly. Figure 4 shows the set of modules that make up the 3D
editing environment and 3D viewer, previously explained.

Figure 4. The 3D environment modules.
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3.2. Implementation of the Organizational Model

After the analysis of the current state of the art in agent specification languages, platforms and
specifications for the development of agents, we consider that the standard promoted by FIPA is
flexible enough to define with guarantees any type of interaction between agents, so it adapts perfectly
to the requirements that were initially marked to develop the platform. Since JADE [31] is a free open
source system, it is well documented, and it is the most widely used solution within the development of
multi-agent systems based on the FIPA standard, it has been taken as the basis for the implementation
of the MAS, adapting it to support the management of VO. Thus, for the management of the existing
agents in the VO, a specially designed database is used, which allows to store the agents’ characteristics:
the roles which have been assigned to them, the services they offer, as well as additional features that
may be presented by the agents.

The control of the information stored in the database, and therefore of the organizational models
used in each simulation, is encapsulated in a JADE agent called the Database Agent (DBA). This agent
offers a set of services that facilitate all forms of access to the database, preventing inappropriate
access by agents who should not be able to consult or modify the content of the database. Among the
services offered by this agent, is to add agents, roles, services, etc., as well as query, modify or delete
information. To access the different services, a module to check permissions is implemented, making
the services accessible only to the agents that are specified.

Next, the structure of the database that will be used to store the structure of the VO is shown
in Figure 5. Through a relational model, it is possible to define the different roles associated with
the agents, as well as the tasks that can be carried out by an agent with a specific role. Additionally,
three specific tables have been incorporated for the case study in which the proposed model will be
evaluated, thus being able to define which agents intervene in each project, if they present some type
of disability and associate roles with the different departments of a company.

Agents
Roles
. id Disabilities
il
y : | id
name
name
letter_disabilitie
gender
description
workstation neme
idDepartment Ho—
idDisability B Projects
Tasks L idRole j—. id
. id idProject b name
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description
L m W
] idRole
name
description

Figure 5. Virtual Organization database schema.

3.3. Structure of the Agents

Figure 6 shows in detail the structure of each of the agents, which consists of three large blocks:
(i) a communication module, which will allow the agent to communicate with the other agents of the
platform; (ii) a reasoning module, which is detailed below; and (iii) an agent communication module
with the 3D environment, formed by a sensor and an effector.
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Figure 6. Agent structure.

For the definition and implementation of the reasoning module of agents within the platform,
the belief-desire-intention (BDI) model [26] has been selected. The behavior of the system is therefore
determined by the mental attitudes of the agents. For this reason, it is fundamental to achieve a correct
operation of the system when the deliberation processes are limited by the resources.

In each iteration, the interpreter first reads an event queue and generates a list of options (possible
goals to be achieved). Then it selects the best of these actions and adds them to the structure of
intentions. If there is any intention to perform an atomic action, the agent executes it. Events that
may occur during the interpreter’s execution cycle are added to the queue. Finally, the agent modifies
the structures of intentions and desires by eliminating both the intentions and desires that have been
successfully carried out and those that are not possible. With this model, deliberative systems are more
appropriate for dynamic environments and are also more suitable for applications that work in real
time. In this way, this model perfectly adapts to the requirements of the platform that is presented.

In addition to the reasoning module, it is necessary to introduce two additional modules that
allow the agent to obtain information about the environment (sensor), as well as to be able to modify
it (effector). It is necessary that these modules are distributed, having one component present in
the agent’s own implementation within the agent platform, and another component within the 3D
environment. In this way, the agent is able to be aware of the state of the three-dimensional environment
that has been rendered for the simulation in progress, monitoring the changes that are produced in the
virtual world.

The agent model presented above is designed to represent different actors involved in the
simulation in representation of elements such as human beings, or similar. However, it is also
necessary to introduce another type of agents: environment agents. These agents represent elements
of the environment with which the other agents can interact directly. Examples of these agents can be
telephones, elevators, photocopiers, etc. These agents are not aware of the environment around them,
they will only be aware of their internal state, so they will lack of sensors. Any interaction with other
agents cannot be initiated by an environment agent. When an agent requests an interaction with them,
it will consult their internal state, and will communicate the pertinent information to the agent who
finally, will determine according to this information if they can carry out the action that has previously
been assigned to them.

The communication between agents is important in order to achieve the objectives of the system,
where the objectives of the individual agents coexist. There is a set of stages in which the need
for the existence of communication between agents is obvious. For example, when defining the
problem to be solved, as well as its decomposition and distribution among the agents that make up
the system. To carry out the communication between the agents, they are equipped with a FIPA ACL
communication module. Thanks to the use of JADE it has not been necessary to redefine additional
functionality, since this platform facilitates a complete implementation of these interaction protocols
between agents.

313



Appl. Sci. 2018, 8,337

3.4. Comunication of the Agent Platform with the Visualization Tool

One of the essential tasks within the platform is to establish a communication between JADE
and the 3D environment, so that there is a real correspondence between what happens in the agent
platform and the visualization that will take place on the 3D platform. Within the agent platform, there
is an agent in charge of managing communications in the JADE side.

For this purpose, the communication between the agent platform and the 3D environment is
done through Transmission Control Protocol (TCP) sockets. In the Unity side, a module dedicated to
the management of the requests made by the agent platform and vice versa is included. The tasks of
creation, elimination and interaction between agents executed on the platform must be updated in
the 3D environment, and the tasks of creation, elimination and interaction between agents executed
from the 3D interface, must be carried out first in the agent platform for being later updated in Unity.
For the implementation of the communication module hosted in Unity, IKZVM.NET is used. It allows
the execution of compiled Java code in MICROSOFT.NET. The communication will be divided into
2 blocks:

1. Sockets dedicated to carrying out the tasks in JADE and their corresponding update in Unity.
2. Sockets dedicated to the performance of the tasks initialized from the Unity interface, which must
be done first in JADE and then updated in Unity.

For the simulation of tasks in JADE that will be updated later in Unity, three elements are used:
two sockets, one for sending tasks and another for the confirmation of the performed tasks, and a table
with which will keep a record of these tasks (Figure 7).

e  UnityTasks, stores tasks that have not yet been updated.

e JadeProducer, it allows to send tasks to Unity through a TCP socket. In Unity, there will be a
resource (UnityConsumer) which is listening to the requests that are being produced.

e JadeConsumer, opens a TCP socket to receive information regarding the performed tasks.
In Unity, UnityProducer is in charge of sending the confirmation of the performed tasks.

JadeProducer UnityConsumer

sends (id,object)
>

P
e & \
= oF
/V/ Process task

idMenssage | endOfTa:

Id True/False — —

JadeConsumer UnityProducer

v
%:r Ends task
> e
H‘l& (id, objeto)
{€«—————Confirm (id, object, answer)}—————— Responile enduncion de:
-inform
-failure

Figure 7. Java Agent Development Environment (JADE)-Unity communication.
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Regarding the tasks that are performed in Unity and later updated in JADE, UnityTasks resides
on the Unity side, since it is in charge of making requests and must verify that everything that is
done in JADE is updated later in Unity. Figure 8 shows the scheme that follows this communication,
where a TCP socket will be used. JADE is the server which will listen to the requests performed from
Unity. Each request in Unity is a new client that requests a connection to the server, so throughout the
execution several clients can coexist. The requests made from Unity can be of three different types:
creation of agents, elimination of agents or assignment of tasks to agents.

UnityJadeSocket JadeRequests

New — q
UnityladeSocketThread y | UnityJadeClient hread
%, |
& Client requests JadeTasks
TCP connection % %"S’r
i e e
o | h ! N:Mmge endofTask
pe N
Q (Task dorle)
1 1d True/False
@ : e :
|
CommunicationAgent x :
X
17 ] !
|
|
CREATE AGENT | | DELETEAGENT | | ASSIGNTASK |
|
L | U
|
|
updates: :
|
|
JADE: g UNITY-
|
|

Figure 8. Unity-JADE communication.
The Communication Agent (CA) is in charge of attending the requests that arrive from Unity,

carrying out the tasks that correspond according to the frame exchanged. The frame that is sent in
each request contains the components shown in Figure 9.

Frame type Id task Agent name Extra 1

Frame type:
-“C” for creation frames
-“D” for deletion frames
-“T" for task assignment frames

Extra 1: this field meaning may vary depending on the
frame type:

-“C” frames: kind of agent

-"D" frames: null value

-“T" frames: kind of task to be implemented
Extra 2: this field meaning may vary depending on the
frame type:

-“C” frames: extra information attending to the

case of study

-“D” fames: null value

-“T" frames: trueffalse, indicates if the task

performance has been finished in Unity

Id task: identification number

Agent name: name of the agent which performs
the request

Figure 9. Communication frame.
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4. Case Study

This section presents the case study which was conducted in a real environment to assess the
performance of the developed system. The scope of the case study is the analysis of the accessibility
of the different jobs in a real company: the offices of Indra Sistemas S.A. in Salamanca. By this way,
through the performance of a set of simulations and the supervision of experts in HR and accessibility,
knowledge about the different problems that disabled workers of the company may encounter can
be extracted.

For the performance of the simulations, it was necessary to define the characteristics of the VO,
in such a way that it would be able to modeling the processes carried out in the company as closely as
possible to reality [53]. To do this, the different roles that agents can acquire, the services necessary for
the proper functioning of the organization, the rules that will govern the society and the agents’ own
messages and iterations must be defined.

In addition, the environment in which the simulation will be carried out must be defined, in this
case the building of the company under study. For this purpose, the 3D editing tool mentioned above
was used. The 3D editing process begins from the plans of the building, so the environment in which
the simulation takes place is as similar as possible to the real world. Furthermore, the disposition of
the furniture inside the building must also be defined in order to evaluate, for each job, if each of the
working places are accessible for people with different types of disabilities.

Afterwards, a series of simulations that show the behavior of the organization in different
situations can be carried out, finally getting into the validation of the proposed model. First, we define
the interaction model, analyzing the needs of the users who use the system and the way in which the
exchange of information takes place. We define the following roles:

e  User: represents the user or customer of the system. In this context, the user may be responsible
for defining the distribution of the different elements in the building. Users can be the human
resources responsible for assigning jobs to employees or the architect in charge of designing the
building in which the professional activity will be carried out, in order to obtain information
about the accessibility of the environment. User:

O Is responsible for initiating the simulation process.

O Will model the different agents that act as actors representing the workers of the company,
as well as the tasks they will perform during the simulation.

O Can access tob the information that is generated after the processes that are simulated.

e  Manager: this agent is responsible for carrying out the task planning that will be carried out by
the whole organization. It may be present or not in the system, depending on the organizational
structure of the company to be represented. Manager:

O Generates the tasks that represent the objectives to be fulfilled by the whole organization.
O Delegates the task distribution to the different area managers according to the nature of
each task.

e Department/Area managers: these agents are in charge of planning the distribution of tasks

assigned to the department or area that manages. Department managers:

O Receive the tasks from the manager.

@) Plan the task distribution among the agents that make up the department based on their
availability (agents with a lower number of tasks will have a higher priority) and capacities
(not all agents offer the same services).

e Workers: agents who represent each of the workers involved in the simulation.
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O The agents will have a stack where they store all the tasks they must perform, which have
been previously assigned by the area manager.

O They will send information regarding the degree of success with which they have carried
out each of them.

@) All these agents have a set of elements that define their common behaviors and cognitive
abilities. In addition to these common characteristics, the agents will have their own
characteristics, defined according to their role within the organization and their disability.

O The assigned roles will determine the tasks they can perform and the specific behaviors
for each one of them, so different executions can be modeled for the same task according
to the type of disability of the worker.

e  Environment agents: these agents represent those elements of the building with which the
worker agents can interact directly. Some examples of this type of agents can be found in different
elements of the environment such as telephones, elevators or photocopiers.

O These agents are not aware of the environment around them, they are only aware of their
internal state.

O Any interaction with other agents will be initiated in any case by a worker agent.

O When an agent requests its use, it will consult its internal status, checking if it is free

and if it has the necessary resources so that the requested task can be carried out. It will
communicate this information to the working agent, determining if it can complete the
requested task.

e Database Agent: this agent offers a set of services that facilitate all forms of access that are held
on the data base that stores the information regarding the structure of the VO. Database Agent:

O Will take care of inadequate accesses by agents that should not be able to query or modify
the contents of the database. These services will allow adding agents, roles, services, etc.
to the database, as well as query, modify or delete information.

O Includes a small module which is in charge of checking will require to check permissions,
making the services accessible only to the specified agents.

e  Human resources agent: The proposed VO can be classified within the so-called semi-open
organization, since it will have a mechanism to control the admission of agents. In this way; it is
necessary to make a request to evaluate the inclusion or not of an agent to society. The human
resources agent is in charge of carrying out this task. The human resources agent:

O Evaluates the candidatures of those agents which request access to the organization,
approving the different proposals based on the vacancies that exist in the department to
which the agent intends to access.

@) The number of spaces in each department will be established by the working places that
are defined in the work environment. Each of the working place will be associated with a
single department and an agent if they are occupied.

e Communication agent: it is responsible for communicating the multi-agent system with the
visualization tool, in order to facilitate the message-passing between the two modules of
the architecture.

O It guarantees that there is a real correspondence between what happens in the agent
platform and the visualization that takes place in the 3D viewer.

e  Supervising agent: analyzes the different behaviors and evolutions of the agents involved in the
simulation to carry out an analysis of the processes that take place in the organization.
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O It will communicate with the other agents after the completion of a task, collecting whether
they could carry it out or not.

O If a task has been carried out satisfactorily, it will be communicated which task was
performed, which agent intervened, and the time and resources that have been used to
carry it out. Otherwise, the agent involved shall indicate to the supervising agent the
reasons why it could not be carried out.

Within the processes that are carried out in the company under study, three departments have
been identified, according to the tasks that workers can perform: reception, administration and
maintenance. The worker-type agents will have associated a series of tasks that they can carry out
depending on the department to which they belong. We define the following tasks as well as well
as possible additional environmental agents that may be necessary for each of them (see in Table 1.
Relations between tasks, departments and environment agents).

Table 1. Relations between tasks, departments and environment agents.

Task Type Department Environment Agents
Make photocopies Reception, Administration, Maintenance Photocopier
Go to the bathroom ALL Toilet
Fire alarm ALL Siren
Answer Telephone Reception, Administration Telephone
Carry letters Reception -
Drink coffee ALL Coffee maker
Eat ALL Microwave
Throw Trash Maintenance Trash can
Collect documentation Reception, Administration -
PC Reception, Administration -
Check elevator Maintenance Elevator
Watering plants Maintenance -
Sweep Maintenance -
Collect garbage Maintenance Trash can, container

Regarding the relationship of a person with the physical environment, the activities that are
carried out during its daily life are widely varied, but the accessibility difficulties that arise when
doing them are repeated. Therefore, the activities are analyzed from the perspective of accessibility to
detect what difficulties they generate in order to find an alternative. To that end, two components have
been established for all the activities that workers can carry out: displacement and use. Displacement
is the transfer from a point to the ideal place where to perform an action, which implies being able
to move around the environment without the presence of limitations or obstacles. Two types of
displacement can be differentiated: (i) horizontal (displacements made in rooms, corridors, etc.) and (ii)
vertical (displacements that imply a change in height, such as steps, stairs or ramps). The use is the
performance of the action itself. Two types of use are differentiated: (i) preparation: situation process or
approach to the object to be used and (ii) execution: the performance of the desired activity; it is the
final objective of the process. If the person has any limitation that hinders the performance of their
activity with respect to an individual without disabilities, we can use these as a reference to define
the specific needs of these individuals in order to project the buildings. Difficulties of different types
may appear:

Attending the displacement:

e  Maneuver: limitation of the ability to access to spaces and move within them.
e  Change of level: difficulties that arise when overcoming unevenness.

Considering the use of spaces, the following difficulties may appear:

e Reach: when there are limitations in the possibilities of reaching objects and perceiving sensations.
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Control: difficulties that arise as a direct consequence of the loss of ability to perform actions or
precise movements with the extremities.

In order to guarantee the movement within a building, it is necessary to define accessible routes

that link the different spaces. These itineraries must meet three basic functional criteria:

That they are flat or with a gentle slope.

That they have a passage area free of obstacles: they must be wide enough to fit wheelchairs, and
also be free of obstacles of medium height, which are dangerous for the blind people.

That they have safe support and guidance elements: that is non-slip pavements, handrails that
serve as support, differentiated textures for the blind, etc.

For each action, four functional objectives have been distinguished:

That it can be carried out, also, by a seated person. Thus, it can be performed by wheelchair users,
elderly people with difficulties, etc.

Without leaving the site while it lasts. Most people with limitations use their upper limbs to help
themselves with movement; therefore, they can hardly move and act at the same time.
Disregarding fine joints. The faucets, switches, door handles, control elements, etc., must have a
design that allows their manipulation by those who have lost strength and dexterity in the hands.

Once the building model and the interaction model have been defined, we can proceed to

perform the simulation. To do this, the visualization tool must be deployed, which at the beginning
of the process, has perform different operations: (i) loading the building model; (ii) generating of the
navigation mesh; (iii) synchronizing with the agent platform. Figure 10 shows a screenshot of the
simulation tool.

Figure 10. Simulation tool.

The execution of the simulation will depend on the set of tasks that the MAS has to perform,

which may be specified by the user, or generated by the management agent, as well as the process of
the tasks assignment. Overall, the simulation will be defined by the definition of:

The set of agents responsible for each department: R = {Ry, ..., R;}
The set of worker agents: A = {A, ..., A}

The set of tasks to be performed by the worker agents: T = (T, ... , Ty}
The type of resources: [ 3 {1, ..., L}

The set of resources (environment agents): E = {Ey, ... , E;}

The amount of available resources of n type at a certain  time: L,
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The result space after the performance of a certain task by a worker agent has only two possible
output states (success and failure): O € {0,1}, where 1 represents the success of the performance of a
task, and 0 represents its failure.

First, a simulation of 15 min is planned. For the initial set-up of the different agents that represent
actual workers within the organization, a Human Resources manager established a simulation
of a total of 8 agents, whose department was assigned proportionally to the amount of workers
of each department that were working at the company —1 receptionist, 2 maintenances and 5
administrative. Three of them have reduced mobility problems, three are visually impaired and
one is deaf. The assignment of the work places for each of the agents was made just according to
the productive processes that take place in the organization, without taking the possible architectural
barriers that they might find into account. Once the environment and the agents’ distribution and
characteristics were set up, the simulation can take place in the 3D viewer. After the simulation,
the tool generates a detailed report with the accessibility problems that the avatars have encountered,
which have impeded the achievement of the tasks assigned to them. 118 were successful and 79 failed
(Figure 11A). Some of the deficiencies found were: (i) The lack of adapted bathrooms in the building;
(ii) working places not adapted for people with visual or hearing disabilities: impossibility to perform
tasks such as answering the telephone, or being aware that the fire alarm is active; (iii) lack of ramps that
enable the access to higher floors as an alternative to the elevator, which in case of breakdown would
obstruct the access or exit to the building; (iv) limited access to certain work stations-spaces not large
enough for access with wheelchairs or; (v) not accessible furniture elements—file cabinets, photocopiers.

Collect garbage ' IEEEE———
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Watering plants
Check elevator
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Collect documentation

Throw Trash
Eat

Drink coffee

Answer Telephone
Fire alarm

Go to the bathroom

I
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Figure 11. Successful and failed tasks after simulations. (A) results after first simulation; (B) results
after second simulation.
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After the detection of these accessibility problems, all the information obtained from the tool was
used by the Human Resources manager in order to perform several changes (both in the distribution of
environment elements and workers) that could emerge into an improvement of the accessibility of the
working place. First, the 3D editor was used to perform a redistribution of the elements of the furniture
susceptible to improvement and the adaptation of the work places for users with auditory and visual
deficiencies. Secondly, a relocation of the work places of those users of wheelchairs that could not
perform their designed activities due to several displacement criteria such as maneuver, change of
level, reach or control was made using the 3D viewer. After doing this, a new simulation with the same
agents and task-assignment was made, obtaining as a result a total of 169 tasks performed satisfactorily
and 28 failed (Figure 11B), going through a reduction of 40.1% of failed tasks in the initial simulation
to 14.2% in the second simulation. Obviously, there are elements of the environment that will continue
to limit their accessibility, such as the lack of access ramps or adapted toilets, but the possibility
of improving the accessibility of the environment through the restructuring of employees’ jobs or
furniture in the critical points detected through the simulation. Since there are infinite possibilities of
furniture distribution, it is difficult to establish an optimal solution regarding the accessibility levels of
work environments. However, it would be possible, given a fixed distribution of the elements of the
environment, to make all possible assignments of types of employees, jobs and tasks, thus being able
to know what the optimal distribution of employees under a certain structure of the elements of the
environment is.

5. Conclusions and Future Lines of Research

Once the simulation platform has been presented and evaluated, it can be affirmed that it allows
the performance of simulations oriented to the labor integration of the disabled, allowing not only to
analyze the tasks that are carried out in a work environment, but also the physical spaces where these
tasks take place.

From an academic point of view, it has been possible to model a real organization through an VO
of agents with self-adaptive capacities. This system has been implemented using JADE, but adapting
this platform to specific needs. In the same way, a 3D environment has been created, and it is
capable of modeling and enabling simulations in work environments. In the same way, a system that
allows communication between both platforms, which allows sharing relevant information about
communications, has been developed. In short, the implementation of MOVICLOUD allows to
simulate different processes in a work environment, and it has been proven to be appropriated in
order to establish the accessibility problems that may occur in it. In this sense, the representation
of the employees working activity is performed, such and as presented in the case study. Thanks
to the flexibility provided by the editing tool, which allows to quickly model virtually any office
environment using specifically designed models for rapid deployment, MOVICLOUD is valid for
simulations carried out in office environments. More specifically, thanks to the case study, the tool
has been able to define accessibility problems and architectural constraints following specific criteria
of displacement. This tool has been evaluated in a work office, proving to be a useful tool when it
comes to identifying accessibility problems. The definition of the models to be used and the problems
to be detected in each task based on defined criteria facilitates the inclusion of the study of different
new tasks. That is why this tool allows to model and include new actions to be developed by the
actors with ease. However, it should be noted that MOVICLOUD is aimed at simulating processes
within office environments, so that its use is currently limited to this area. In the event that the tool is
intended for simulation in an open environment and with non-human actors, it would be necessary to
include additional functionality.

Based on the obtained results, we can conclude that the objectives set at the beginning of the
project have been met. With the successful achievement of this work, it is possible to obtain useful
information to facilitate the accessibility of work environments to disabled people. This has been
possible through the use of agent-based social simulation techniques, using organizational concepts
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to model the interactions between the actors and a three-dimensional environment. Although this
tool initially was conceived for the detection of accessibility problems in office environments, thanks
to the generic modeling of the platform and the use VO of agents, it is considered a valid tool for
the simulation of any agent production process representing human beings in the field of office
environments. Once the platform has been validated, it can be considered that within the scope of
accessibility problems, it can be very useful at the time of: (i) early detection of failures in the design
time of the buildings, facilitating new designs of the distribution of building elements, such as rooms,
corridors, ramps or elevators to avoid in advance future problems related to the displacement of
people with disabilities; (i) prevent people with disabilities from facing accessibility problems before
starting work at their place of work, being able to adapt their position and environment in a more
appropriate way according to their capabilities (iii) improve the accessibility of people who are already
working in a certain place.

Below, the different lines of research and future work that have been raised in the context of this
work are shown:

e Include the possibility of making an abstraction of the building model through ontologies, so that
the information of the environment does not only reside in the three-dimensional environment,
but the agent platform also has knowledge of it.

o Allow the development of different three-dimensional environments, not only limited to
representation in buildings.

e Improve the extraction of knowledge by improving the algorithms that intervene in the
accessibility recommendations, offering real-time statistics and a report generation services.

e Include additional functionality to the visualization, so that there are alternatives when extracting
information about the processes, such as graphs that show how the relationships between those
agents interacting with each other or the generation of heat maps that show which are the routes
taken by each worker in the three-dimensional environment.

e Perform stress tests to check the limitations of the platform in relation to communication processes
and the size of the 3D environments. In this way, it will be possible to estimate the maximum
number of agents and the characteristics of the 3D model supported by the platform over different
hardware infrastructures.
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Abstract: Due to advances in mobile device and wireless networking technologies, it has already
been possible to transfer agent technology into mobile computing environments. In this paper, we
introduce the Linked Data Aware Agent Development Framework for Mobile Devices (LDAF-M),
which is an agent development framework that supports the development of linked data aware
agents that run on mobile devices. Linked data, which is the realization of the semantic web vision,
refers to a set of best practices for publishing, interconnecting and consuming structured data on
the web. An agent developed using LDAF-M has the ability to obtain data from the linked data
environment and internalize the gathered data as its beliefs in its belief base. Besides linked data
support, LDAF-M has also other prominent features which are its peer-to-peer based communication
infrastructure, compliancy with Foundation for Intelligent Physical Agents (FIPA) standards and
support for the Belief Desire Intention (BDI) model of agency in mobile device agents. To demonstrate
use of LDAF-M, an agent based auction application has been developed as a case study. On the
other hand, LDAF-M can be used in any scenario where systems consisting of agents in mobile
devices are to be developed. There is a close relationship between agents and linked data, since
agents are considered as the autonomous computing entities that will process data in the linked
data environment. However, not much work has been conducted on connecting these two related
technologies. LDAF-M aims to contribute to the establishment of the connections between agents and
the linked data environment by introducing a framework for developing linked data aware agents.

Keywords: agent development framework; mobile device agent; linked data; semantic web

1. Introduction

An agent is a computational entity that is capable of autonomous action on behalf of its users in
order to satisfy its delegated objectives [1]. Autonomy is generally considered as an essential property
of an agent. On the other hand, Wooldridge and Jennings suggest three other additional properties
that an intelligent agent is expected to have [2]. These properties are reactivity, proactivity, and social
ability. While reactivity addresses the ability of an agent to perceive its environment and respond to
changes that occur in its environment, proactivity is related with exhibiting goal-oriented behavior.
Finally, social ability is the capability of an agent for interacting with other agents and possibly human
users by exchanging messages represented in a specific agent communication language. Agents
have found many application areas in various domains such as human computer interaction (e.g.,
digital personal assistants), information retrieval, electronic commerce, and manufacturing since the
mid-1990s [3,4]. Recent studies show that use of agent technology is still in progress in various domains
such as cyber physical systems and internet of things that are popular research areas in the context of
industry 4.0 [5,6].
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Architecture of an agent typically consists of two layers. The first one is the communication
layer, which provides an agent with the necessary means for communicating with other agents by
exchanging agent communication language messages over a network infrastructure. The second one is
the agency layer, where deliberation and planning mechanisms of an agent are implemented. In other
words, properties of reactivity and proactivity are provided in the agency layer. It would of course
be impractical to develop an agent by implementing these layers from scratch each time a new agent
based application is being developed. Thus, agent development frameworks have been introduced to
ease and expedite the implementation of agent based solutions. JADE [7], JADEX [8], and Jason [9] are
the most widely known open source agent development frameworks. Interested readers can refer to
Reference [10] which is a comprehensive survey of agent development frameworks.

Due to advances in wireless network and hardware technologies, mobile devices such as mobile
phones and tablets, through which people can access information from anywhere and anytime, have
already become an indispensable part of our lives. This situation has inevitably affected the agent
research community and studies have been conducted on deploying agent development frameworks
into mobile devices. As a result of these studies, several agent development frameworks that address
mobile devices have been released. Jade LEAP [11], 3APL-M [12], and Agent Factory Micro Edition
(AFME) [13] are examples of such frameworks. As will be discussed in the related work section, each
of these frameworks has its own prominent features. For example, while Jade LEAP is distinguished
by the agent communication and execution infrastructure that it provides, 3APL-M and AFME employ
deliberation mechanisms which are based on the Belief-Desire-Intention (BDI) model of agency [14]
for developing intelligent agents. Recently, JADE and JADEX released new versions that support the
Android Operating system [15,16].

Another technology that has close relationship with the agent technology is the semantic web.
Since the beginning of the semantic web movement, agents have been considered as the main type of
software that would consume the data on the semantic web. In their original article about the semantic
web, Berners-Lee, Hendler and Lassila [17] emphasized the connection between agents and semantic
web by defining agents as the autonomous computing entities that would be used in the semantic web
environment. Linked data, which presents a set of techniques and standards to publish, link and query
data on the web, is considered the realization of the semantic web vision, since it had a great impact on
the development of real-life semantic web applications [18,19]. Thus, the number of real-life semantic
web applications has begun to increase with the introduction of linked data.

On the other hand, although the close relationship has been emphasized from the very
beginning, in practice there has been little collaboration between agent and semantic web/linked
data communities.

In this paper, we introduce the agent development framework that we have developed for mobile
devices. Using this framework, developers can build intelligent agents that have the attributes of social
ability, reactivity, proactivity, and autonomy. The main contribution of the presented framework is its
linked data support. Linked data support in an agent simply corresponds to the ability to supply its
beliefs from the linked data environment, to keep the obtained beliefs internally, and use those beliefs
during planning process.

By providing linked data support, we also aim to contribute to the establishment of the links
between agents and the linked data environment. Since the ability to supply its beliefs from the linked
data environment is the developed agent framework’s distinguishing feature, we called it Linked
Data Aware Agent Development Framework for Mobile Devices (LDAF-M). The belief component of
LDAF-M uses the Resource Description Framework (RDF) model to represent the beliefs of an agent
and provides a graph data structure to hold the beliefs internally. By this way, semantic data stored in
ontologies as well as in open data stores, such as Freebase or DBpedia in the linked data environment,
can be used to represent an agent’s beliefs. Linked data support, which is the distinguishing property
of LDAF-M, makes it the first linked data aware agent framework for mobile devices to the best of
our knowledge.
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LDAF-M agents can be qualified as intelligent agents according to the definition of Wooldridge [2],
since they support the attributes of autonomy, reactivity, proactivity, and social ability. Social ability is
related to the ability of an agent to exchange agent communication language messages with others in
the system. Social ability is provided through the LDAF-M communication infrastructure. Reactivity
is the ability to respond to the changes in the environment, and proactivity is related to exhibiting
goal directed behavior. Reactivity and proactivity are satisfied through the use of the BDI model
of agency [14]. Finally, autonomy is satisfied through the use of a planner within the context of
the BDI architecture. Communication infrastructure and the agency layer are discussed in detail in
Section 2, where the architecture of LDAF-M is given. On the other hand, some highlights related to
the communication infrastructure, standards followed during the development, and BDI model of
agency are given below.

Support for peer-to-peer (P2P) paradigm: In the communication layer, LDAF-M provides a P2P
based communication and resource sharing infrastructure where each mobile device behaves as a
peer. The P2P infrastructure provided by LDAF-M also includes a mechanism that can detect a peer
that becomes offline due to a problem and can handle this situation so that the system continues to
operate seamlessly.

FIPA compliant execution platform: FIPA (Foundation for Intelligent Physical Agents) is an IEEE
Computer Society standards organization that issues a set of specifications which intend to promote
interoperability among heterogeneous agent systems [20]. LDAF-M provides a FIPA compliant
platform for mobile device agents. Jade LEAP and AFME also support FIPA standards. On the other
hand, during the design of LDAF-M, we have made slight modifications which are discussed in
Section 2.2.

Support for BDI model of agency: Belief-Desire-Intention (BDI) model of agency [14,21,22] is
a framework for describing the behavior of agents in terms of their beliefs, desires (options) and
intentions (adopted options). This model of agency draws its inspiration from practical reasoning
which is a model of decision making proposed by Bratman [23]. The agency layer of LDAF-M provides
the necessary infrastructure to develop BDI agents for mobile devices. 3APL-M and AFME also
support BDI model of agency. However, different from those frameworks, LDAF-M has the ability of
representing beliefs of an agent using semantic web standards (i.e., RDF) as mentioned before.

The rest of the paper is organized as follows. The layered architecture of LDAF-M is explained
in Section 2. P2P communication 1. Section 2.2, first overviews FIPA standards and then discusses
compliancy of LDAF-M to the FIPA standards. In Section 2.3; the agency layer, where the BDI model is
implemented, is explained. Linked data support is discussed in Section 3. Section 4, which is the case
study and discussion section, consists of three parts. The first part illustrates how LDAF-M is used
in developing agent systems. In the second part, an agent based auction application that has been
developed using LDAF-M is introduced by giving a detailed interaction diagram. In the third part, the
case study given is discussed. Related work and conclusion are given in Sections 5 and 6 respectively.
Finally, references are listed.

2. Architecture of LDAF-M

LDAF-M has a layered architecture which mainly consists of two layers, as shown in Figure 1.
The bottom layer provides the communication infrastructure. LDAF-M also follows the FIPA
specifications which mostly affect the communication and deployment infrastructure. FIPA compliancy
is also explained in this section following the communication infrastructure. On top of the
communication layer, the agency layer is located. The agency layer contains the implementation
for the BDI model of agency.

The communication layer and the agency layer basically interact by means of agent
communication layer messages. The agency layer extracts the objectives that it will try to satisfy
by examining the incoming messages stored in the incoming message queue of the agent. On the
other hand, as a result of executing a plan, some messages need to be sent to other agents. In this case,
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the agency layer places the messages to be sent in the outgoing message queue, which then are sent to
the related agents by the communication layer.

BDI Based Agency Layer

FIPA Compliant Communication
Layer

Figure 1. Linked Data Aware Agent Development Framework for Mobile Devices (LDAF-M) layers.
2.1. Communication Infrastructure

In this subsection, LDAF-M’s communication mechanism, which has been developed following
the P2P paradigm, is introduced. In addition, it is also discussed how the case of a peer that becomes
inaccessible due to a problem arising from a resource constraint in a mobile device is handled in this
P2P infrastructure.

P2P is an approach for network communication where shared data is processed by two or more
client computers, each of which have equal responsibilities. In contrast to the client-server architecture
where there are separate dedicated clients and servers, in a P2P infrastructure each of the peers can
play the role of both a server and a client.

There are three approaches regarding the architecture of a P2P communication
infrastructure [24-26]. These are central, decentralized, and hybrid approaches.

A dedicated central server and a group of peers are used in the implementation of a central P2P
architecture. The central server maintains a database where it stores the indexes of all peers and the
resources that belong to each peer. In the decentralized P2P architecture, there is not any central server
that controls the network. Instead, each peer has equal functionality and holds information about its
own resources. In other words, each of the peers acts as the index server. The hybrid P2P approach,
which is the third-generation architecture, provides a hierarchical structure in which there are super
peers having the properties of a central server.

Considering the constraints of mobile devices and the scale of the systems that would be
constructed using LDAF-M, the communication infrastructure has been based on the centralized
P2P approach. In the alternative (i.e., decentralized) P2P approach, since each peer keeps track
of its own resources and needs to search resources of other peers, an extra load is introduced for
peers. Additionally, a certain level of message traffic occurs on the network because of the circulating
queries. On the other hand, using a centralized approach brings in several advantages such as easy
implementation and timely responses to queries among peers. In addition, in our case, the connectivity
status of a mobile device may dynamically change, as a result of running out of battery or going out of
the range of the network. Using the centralized approach, we can easily keep track of and handle the
connectivity problems, as it is explained in the following paragraphs.

As it can be seen from Figure 2, a group of peers and one central dedicated server have been used
for the realization of the central P2P architecture. The dedicated server, which is called the “index
server”, is responsible for controlling and sustaining the P2P network. When any one of the peers
becomes online, information associated with resources of this peer are recorded in the database within
the index server. In the same way when any of the peers becomes offline, information associated
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with that peer is removed from the database within the index server. In addition, each of the online
peers sends notifications to the index server periodically in order to indicate that they still actively use
the system. If the index server cannot receive notifications from a peer for a certain amount of time,
the index server updates its database to indicate that this peer becomes offline.

Peer (Agent) C

OnIine/OffIinel l Periodic

Inf ti Notificati
Peer (Agent) A nrormation otitications Peer (Agent) B
Online/Offline Online/Offline
Information Index Server Information
llbabiliolibs LN PELLabllielhed LN
Periodic 5 i — Periodic
Notifications ErvE=sIelE Notifications
————— || Application Database ||« — ">
Request
Response

Ask/Download

Figure 2. Peer-to-peer (P2P) communication infrastructure in LDAF-M.

While determining the length of the time interval for periodic notifications of the mobile device
agents, we need to consider the timeliness of the notification, but at the same time we need to avoid
introducing too much load for the network and the index server. A peer being offline may not be
detected for a long time if periodic time intervals are too long. On the other hand, an extra load
comes on the index server and the network when the periodic time intervals are too short. Therefore,
the length of periodic time intervals was determined to minimize the negative effects of these two
cases, which are opposite of each other. In particular, we have defined a specific notification time
interval of 60 s based on our experiences in an agent based auction application that has been developed
using LDAF-M.

The server-side application (e.g., Java Servlet based) on the index server may receive three main
types of notification from a peer. The first type of notification is sent by a peer when it first becomes
online. The second type of notification is sent by a peer when it decides to leave the system and will
become offline. In both cases, the index server updates records in its local database according to the
notification received. The third type of notification is sent as an acknowledgement that the peer is still
actively participating in the system. This type of notification is sent periodically as explained above.
When the index server realizes that a peer has not sent a notification for a long time, it understands that
there is a problem with it and updates its local database to record the status of this peer as being offline.

Figure 2 also shows the working mechanism of the central P2P approach. The peer labeled as
“Peer A” sends a request to the index server. Upon receiving this request, the index server queries its
local database and sends the obtained result to “Peer A”. This result includes information about the
peers that can provide the information in response to the request of “Peer A”. In Figure 2, it is assumed
that the requested data is provided by the “Peer B”. Consequently, the “Peer A” communicates directly
with “Peer B” to obtain the requested data.
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Both handling the notifications coming from the peers and behaving as the resource finder,
the index server plays an important role in the communication of peers and provision of information
and services for the whole platform.

2.2. FIPA Compliant Architecture

FIPA (Foundation for Intelligent Physical Agents) is an IEEE Computer Society standards
organization that issues a set of specifications about agents and multi-agent systems. These specifications,
which mainly aim to promote interoperability among agent systems, can be classified in terms of
different categories. Agent communication, agent management, agent message transport and abstract
architecture are the main categories of FIPA specifications [20].

During the design and implementation of LDAF-M, one of the specifications that we have
followed to a great extend was the FIPA agent management specification [27]. FIPA agent management
specification introduces the “agent management reference model”, using which we could have mapped
the central P2P communication infrastructure into a FIPA compliant architecture.

The agent management reference model introduced by the FIPA agent management
specification [24] consists of the following components:

Directory Facilitator (DF), provides yellow page services to other agents. Agents register their
services with the DF using a specific registration template or ontology and may query the DF to find
out the required services offered by other agents.

Agent Management System (AMS), manages the life cycle of agents. Tasks such as creation,
termination and suspension of agents are under the responsibility of the AMS. The AMS also keeps the
Agent Identifiers (AIDs) which contain transport addresses of agents that registered with the platform.
Initially, each agent registers with the AMS to get an AID for itself.

Message Transport Service (MTS), is responsible for delivering messages among agents residing on
the same or remote agent platforms. Agents exchange messages expressed in an agent communication
language and use transport addresses in delivering messages.

Agent Platform (AP), provides the physical environment on which agents can run properly.
It consists of DF, AMS, MTS and agents.

The mapping made to a FIPA compliant architecture following the FIPA agent management
reference model is shown in Figure 3. The index server and the peers (i.e., mobile devices), which are
the main components of the central P2P communication infrastructure, have been implemented as
different FIPA agent platforms, as shown in Figure 3.

Each of the agent platforms that reside on the mobile devices (peers) contains its own Agent
Management System (AMS) as the managing authority in the agent platform. An AMS neither has
any knowledge about other agent platforms, nor communicates with an AMS located in a different
agent platform. Information about agents on remote platforms can be accessed through DF (Directory
Facilitator) located in the agent platform that contains the index server. The tasks such as the creation
of a new agent, handling the changes in the life cycle of an agent and the killing of an agent are under
the responsibility of the AMS. When a new agent is created, Agent Identifier (AID) information that
includes transport address(es) for that agent are recorded by the AMS. These records are kept within
the AMS during the lifetime of the agent. More than one agent can run on an AP, and AIDs of the
agents located within an AMS, can be queried by other agents which run on the same AMS.

The DF is in charge of providing yellow page services to all of the agents. Agents from different
platforms can publish through the DF the services that they provide and these services are searchable
from all of the mobile device agent platforms. Unlike similar frameworks such as Jade LEAP [11],
LDAF-M contains only one DF and it is located in the agent platform that contains the index server.
There does not exist an AMS in the index server’s agent platform, rather there is an AMS in each
mobile device agent platform. Since AMS manages life cycles and naming of agents in the system, it is
obvious that placing a single AMS in the index server’s agent platform may cause overloading of this
single AMS. In LDAF-M, an agent looking for a specific agent first makes a search using the AMS in its
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local platform. If it is understood that the specific agent being looked for is not in the same platform,
then the search is extended to the DF residing in the index server’s agent platform. With such a design,
we aim to reduce the load on the index server’s agent platform.

Index Server

Agent Platform

| Agents |<—>| AMS | | Agents |‘—’| |

Agent Platform Agent Platform

Mobile Devices

Figure 3. Mapping of the P2P communication infrastructure into Foundation for Intelligent Physical
Agents (FIPA) compliant architecture.

As discussed in detail in the previous section, there is a notification mechanism between peers
and the index server. By this way, peers that go offline because of battery or out of network range
problems can be tracked. In such cases, the index server updates the entries in the DF to provide the
most accurate information to agents located on mobile device agent platforms.

Message Transport Service (MTS), is the component that handles the message delivery between
agents on the same or different platforms. The type of message transport protocol that is used in the
communication between agents residing in a mobile device is the socket technology, which is actually
on top of TCP/IP transmission protocol. On the other hand, the type of message transport protocol that
is used in the communication between the index server and any mobile device is Hypertext Transfer
Protocol (HTTP), since the agent platform running on the index server receives messages sent to it
from the mobile devices using Java Servlet technology.

Agents exchange messages expressed in an agent communication language. FIPA also issued
standards related with agent communication language and message structures. FIPA Agent
Communication Language (FIPA-ACL) is the proposed agent communication language, and hence
used in LDAF-M for the communication of agents. The structure of a standard FIPA message consists
of two parts which are the message envelope and the message content. To overcome the memory
limitations on the mobile devices, a slight modification has been performed on the structure of messages
exchanged. This slight modification includes combining the envelope and the content parts of the
messages to form a single deliverable unit and using only one of the optional message parameters
that are similar. For example, the “to” and “from” parameters that can be used within the message
envelope, and the “receiver” and “sender” parameters that are used in the content of a FIPA-ACL
message have been combined into two single parameters.

Finally, agents running on the mobile device agent platforms are implemented as independent
Java threads. Internally, each agent supports the agent life cycle standard proposed by FIPA. According
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to this specification, an agent can be in one of five states, which are “initiated”, “active”, “suspended”,
“waiting”, and “transit”. Transitions among these states are also defined. When an agent is constructed,
the finite state machine representing the life cycle begins at the initial state. The active state is the
one where an agent continues to behave in order to meet its delegated objectives. In the active state,
transport messages are transmitted to the agent in a normal fashion. Within the scope of suspended
and waiting states, all activities of an agent are terminated temporarily. In suspended and waiting
states, the message transport service stores the messages locally on behalf of the agent. After the
agent passes to the active state again, the stored messages are delivered to it. In the transient stage,
an agent is able to move to different platforms. In the current version of LDAF-M, agent mobility is
not supported, since agents that travel between the platforms is a research topic in its entirety.

2.3. Agency Layer

The agency layer in LDAF-M framework is based on the Belief-Desire-Intention (BDI) architecture.
BDI is a model of agency which has been widely used in the development of agents and multi-agent
systems, including commercial agent software. Hence, the design and implementation of the basic
modules in this layer are inevitably similar with the existing BDI supported agent frameworks. On the
other hand, the main difference of LDAF-M is that it can obtain knowledge from linked data resources
and handle the obtained knowledge. In this regard, new functionalities and internal constructs has
been added to a standard BDI implementation. These variations are explained in Section 3, where
linked data support is discussed.

The BDI architecture’s origins lie in the theory of practical reasoning [23] developed by Michael
Bratman. As stated in Reference [22], this kind of reasoning is always directed towards doing an action
and consists of two activities. The first activity is deliberation which is about deciding what state
of affairs the agent wants to achieve. The second activity is means-ends reasoning (planning) and it
decides how to achieve those selected state of affairs using an available set of actions.

Practical reasoning is realized in agent systems based on the concepts of beliefs, desires and
intentions. This is why these architectures are called BDI architectures.

Everything that an agent knows and believes about the world in which it is located, including itself
and also other agents around it, is represented by the belief component within the BDI architecture.
Agents obtain their beliefs by continuously perceiving the environment in which they operate.

The motivational stance of an agent is represented by the desire component located within the
BDI agent architecture. The desire concept characterizes the goals of an agent which define what the
agent wants to achieve. In other words, desires are the possible options of an agent [14,21,22,28].

At the end of the deliberation mechanism, desires which are adopted by an agent become
intentions. This means that the adopted desire would lead to an action. In this regard, during the
process of identifying the actions that an agent will perform, the intention component within the BDI
agent architecture has a much stronger role than the desire component. An agent may host many
desires which can possibly be transformed into intentions and then to actions in the near future.
The agent evaluates desires in terms of agent’s beliefs, other desires and intentions, and then suitable
desires are adopted as intentions that would lead to actions.

In LDAF-M, beliefs may come from the environment in which the agent runs, or from the linked
data environment. The messages delivered from other agents may also cause the beliefs of an agent to
be updated. The ability to obtain its beliefs from the linked data environment (e.g., from interrelated
RDF documents) is the distinguishing feature of LDAF-M. The beliefs are used in option generation
together with the current intentions to produce desires. The filter function uses beliefs, desires and
intentions to produce new intentions. The filter component has a typical rule base which is used
in determining which goals to adopt. Primarily, the beliefs in the active state at the belief base
are processed using this rule base. Then the filter component determines what goals to adopt by
matching the beliefs in the active state and the rules defined in its own context. Since an intention
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is directed towards an action, the related actions corresponding to an intention are executed next.
Basic components of the BDI architecture that are implemented in LDAF-M are shown in Figure 4.

In fact, desire and intention which is a strong form of desire are similar notions, and in the
implementation of BDI architectures they are represented by the “goal” concept. An agent may have
many goals (i.e., desires) and the adopted goals are its intentions. The planning mechanism is the
second stage of practical reasoning as mentioned above, and in order to transform an adopted goal
into an action, the planning mechanism constructs a plan to fulfill that goal and executes the plan step
by step.

Agent’s Linked Data
Environment Environment

- 1;/

—— Update
-------- | oo

o | Generate —
3 options [

--------------------
-

Legend
Execute |...____. S Action -----> |nformation Flow
Output —> Control Flow

Figure 4. Control and information flow in the Belief-Desire-Intention (BDI) model based agency layer
in LDAF-M.

Each plan consists of two parts. The header part includes information about which goal the plan
is associated with and under what conditions it is applicable. The body part defines the actions to be
performed or the sub-goals to be obtained. In this respect, there is a tight relationship between goals
and plans, since a plan is executed after an agent’s adoption of the goal to which that plan is related.

JADEX [8] is a well-known open source agent development framework that supports the
development of BDI agents. The agency layer that we have implemented in LDAF-M was inspired by
JADEX. On the other hand, since we target mobile devices, the agency layer that we have implemented
works on a mobile device supporting the Java platform. As mentioned before, the other property that
makes LDAF-M different from other BDI agent development frameworks, is the ability for collecting
its beliefs from the linked data environment. Linked data support is discussed in the following section.

Both the agency layer and the communication layer of LDAF-M consist of several software
packages that contain many classes. In the communication layer; platform, core, gui, AMS, DE, MTS,
Message, MessagePattern, and MessageBase packages are included. These packages support agent
platform operations on a mobile device, provide several graphical user interfaces that can be used
in managing the platform, define the agent communication language messaging infrastructure, and
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provide the FIPA compliancy. The agency layer consists of several software packages such as BeliefBase,
GoalBase, PlanBase, Deliberation, LinkedData, DataModel, Conditions (drop, suspend, triggering
conditions) that includes the classes necessary for implementing the BDI model of agency and linked
data support. These packages have open source access. Please refer to GitHub page for the project [29].

3. Linked Data Support in LDAF-M

The linked data concept, which has been originally introduced by Tim Berners-Lee in his technical
note [30], refers to best practices for publishing, interlinking and consuming machine processable
data on the web. In practice, Resource Description Framework (RDF) is the data model used for
publishing structured and machine processable data on the web. A dataset represented using RDF can
also include links to other datasets. These links can then be followed to aggregate data from different
datasets [31,32]. To perform queries on linked data, SPARQL query language [33] is used.

RDF uses triples to represent resources and their relationships. Each triple consists of a subject,
predicate and an object. The subject is the resource being defined and hence is represented by a
Uniform Resource Identifier (URI). On the other hand, the object in a triple may also have a Uniform
Resource Identifier (URI) value, since it is possible for an object to identify other resources. Otherwise,
the object part of the triple contains a literal value. The predicate plays a key role in determining
the relationship of the subject and the object in the triple. Using URIs to identify resources makes it
possible to represent RDF statements as a graph where nodes represent subjects and objects, and arcs
represent predicates. These relationships are illustrated in Figure 5. In the figure, the upper left node is
a subject representing a resource. This subject is connected via predicates to the two objects labeled
as object 1 and object 2. These two objects have literal values. Object 3 that the subject is connected
to is also a resource. Thus, it is connected to another literal object labeled as object 4. For example,
the subject that we are defining information about may be a URI representing a faculty in a university
department. Object 1 and object 2 may be strings representing name and surname for that faculty.
The faculty resource may be connected to an object representing a resource about a PhD student via
the “advisorOf” predicate. Finally, the resource representing the PhD student may be connected to an
object having a string value and representing “Universityld” of the student.

Predicate Predicate

Subject
(Resource)

Object 4
(Literal)

Predicate Predicate

Object 2
(Literal)

Object1
(Literal)

Figure 5. Resource Description Framework (RDF) statements on a graph data structure.

Linked data aims to transform a current web of documents into a global information space called
“web of data”. As a result of using RDF as the common standard for publishing and linking data,
the “web of data” emerges as a big knowledge graph. Agents are the autonomous computing entities
that will process the data in the linked data environment.

We think that gathering data from the linked data environment and internalizing that data as an
agent’s beliefs is one of the most important requirements that should be fulfilled in order to establish a
connection between agents and linked data. Since data is gathered from the linked data environment
by parsing the RDF documents, we need a graph based data model that will be used for representing
the RDF triples internally in an agent.
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Within the BDI architecture of LDAF-M, everything that an agent believes about its environment,
including knowledge about other agents, is represented by the belief component. Any LDAF-M
agent firstly obtains data from its environment. Subsequently, it associates a significant part of the
obtained data with the belief component it contains. On the other hand, a LDAF-M agent can also
obtain data from resources which have been developed in accordance with the principles of the linked
data. Initially, a LDAF-M agent has been designed and implemented so that it can take its beliefs
from Freebase [34]. Freebase provides documents and their relations expressed following the linked
data principles. However, the belief component and architecture of LDAF-M has been designed and
developed in such a flexible structure that data from other linked data sources such as DBpedia can
also be obtained by easily integrating the necessary implementation to the system. LDAF-M includes
an RDF parser for parsing these RDF documents and their relations. Since RDF documents form a
knowledge graph, in LDAF-M a graph data structure that can represent data obtained in the form
of RDF has been designed and implemented. The implementation model for the internal graph data
structure is shown in Figure 6.

There are four components of the graph based data structure. These components are
“GraphContainer”, “GraphNode”, “GraphPredicate” and “GraphProperty”. A “GraphContainer”
contains a certain number of “GraphNodes” (i.e., subjects or objects) and “GraphPredicates”.
The “GrapPredicate” concept establishes links between two nodes of a graph, hence represents the
edges. Literals has the task of representing non-URI data related with a resource and is modeled using
the “GraphProperty” class in Figure 6.

GraphNode

- nodeName:String
- linkOfNode:String
- properties:Vector

+ getNodeName(params):String

+ setNodeName(String):void

+ getLinkOfNode(): String

+ setLinkOfNode(String):void

+ addProperty(GraphProperty):void
+ getProperty(String): GraphProperty .
+ getPropertyValue(String): String 1

+ hasProperty(String):boolean GraphProperty
+ getAllProperties():Vector

[ 2

- name:String
GraphContainer 1.* - value:String
- metadata:String

- nodeTable:Hashtable z connects
- predicates: Vector + getName():String

+ setName(String):void

+ getValue():String

+ setValue(String):void

+ getMetadata():String

+ setMetadata(String):void

+ getPredicates():Vector

+ getNodeTable():Hashtable

+ addNode(String, GraphNode):void
+ hasNode(String):boolean

+ getNode(String):GraphNode

+ addPredicate(GraphPredicate):void isAssociatedWith
+ getPredicate(String):GraphPredicate 1.%
+ hasPredicate(GraphPredicate):boolean

GraphPredicate

- subject:GraphNode
- predicate:String

- object:GraphNode
- metadata:String

+ getSubject():GraphNode

+ setSubject(GraphNode):void
+ getPredicate():String

+ setPredicate(String):void

+ getObject():GraphNode

+ setObject(GraphNode):void
+ getMetadata():String

+ setMetadata(String):void

=
-

Figure 6. Implementation model for the internal graph data structure.

In the process of obtaining the data, first, the URI based links between RDF documents are
discovered using a crawler-style mechanism. Then, each of the RDF documents discovered is parsed
using the parser within the agent framework. Finally, a graph container is instantiated using the data
obtained after parsing. Each “GraphContainer” represents a specific part of the beliefs stored in the
belief base of an agent. Thus, an agent may contain more than one “GraphContainer” instance.
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4. Case Study and Discussion

In the previous sections, we have given detailed information about the layers and structure
of LDAF-M. In this section, we mainly introduce the agent based auction application that we have
implemented as a case study.

Auctions are mechanisms by which buyers and sellers are in a continuous interaction and negotiate
on scarce resources such as goods or utilities that they are going to sell or buy. As being autonomous
computing entities, agents can carry out the bidding process on behalf of their users, can help in finding
an optimal bidding strategy, and can collect information for their users during auctions. As a result,
agents can facilitate many aspects in an online auction, and hence auction design and implementation
is one of the well-known application areas of agents. We have chosen auction application, since there is
a large number of interactions with many messages passing between agents in an auction scenario and
this would be a good test environment for the communication infrastructure and planning mechanism
of LDAF-M agents. The implemented scenario is an English auction.

We have structured this section in four parts. The first part introduces the main scenario of the
agent based auction application that we have developed. The second part illustrates how to use the
LDAF-M framework while building such an application. In particular, construction of a new agents,
and definition of beliefs, goals and plans are explained. The third part gives a collaboration diagram
that shows the interactions between agents and administrative components of the FIPA compliant
LDAF-M agent platform as well as the interactions between agents themselves. Finally, a discussion
constitutes the last part of this section.

4.1. Main Scenario

The auction application that we have implemented mainly allows users to exchange products
among themselves. In this application, each one of the users may behave in two ways: They can either
request to start an auction to sell a product or participate in an auction to buy a product.

A mobile device can play the role of a server which is responsible for managing an auction.
In particular, it evaluates the requests coming from the clients for starting a new auction or participating
in any of the ongoing auctions, and tracks the information flow in the auction. On the other hand,
agents that run as clients on the mobile devices also play an important role for completing the deal.
Information about the products and buyer and seller agents is represented using the belief component
provided by the BDI model based agency layer of LDAF-M. Those beliefs that agents have about the
products that are desired to be purchased or to be sold are obtained after processing Freebase data
which is represented using the linked data principles.

4.2. Using the LDAF-M Framework

4.2.1. Constructing a New Agent

Using LDAF-M, developers are able to build agent based software which is mainly composed of
agents running on mobile devices in various application domains.

When a developer needs to construct a new agent, he/she should extend the “Agent” class which
serves as the main component for defining agents in LDAF-M. For example, the code fragment that is
going to be used for building a client agent of the auction application is shown in Listing 1.

01 public class clientAgent extends Agent {

02 public void start() { ... }
03 public void finish() { ... }
04 }

Listing 1. Template for building a client agent.
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The BDI related components of an agent, such as belief base, plan base, and goal base together
with the other components, such as message base and agent life cycle related data, are held in the
Agent class. The definitions of these components are made in the start() method. On the other hand,
operations related with the termination of an agent are defined in the finish() method.

Agents constructed using LDAF-M framework communicate with each other using FIPA Agent
Communication Language messages. An agent may receive many messages and to give the agent the
ability to select the meaningful ones for itself among the incoming messages, a message filter class (e.g.,
FactoryMessageFilter) is defined in the framework. Using the methods in that class, developers can
define patterns for indicating the significant messages that an agent expects. These pattern definitions
are also made in the start() method of the agent class.

4.2.2. Defining Beliefs

As mentioned before, beliefs of an agent can be obtained dynamically from linked data resources
as well as the other data sources defined by the developers. In this context, two different classes are
used in defining the belief component of an agent. LinkedDataMetaBelief class which is extended from
the MetaBelief class is responsible for representing beliefs coming from the linked data environment.
It has a three-parameter constructor, using which a belief coming from a linked data resource is defined.
The first parameter is the name given to the belief, while the second parameter is the URI of one of
the related RDF documents that includes data that constitutes the content of the belief component.
The third parameter is the name of the belief category that the defined belief belongs. The code
fragment illustrating this process on an example belief in the auction application is given in Listing 2.

01 getBeliefBase().addGroupName(“sell_product”);

02 getBeliefBase().addGroupName(“receive_product”);

03 MetaBelief metaBelief = new LinkedDataMetaBelief(“sell_product1”,
04 “http://rdf.freebase.com/rdf/m.0pd3pb_", “sell_product”);

05 getBeliefBase().addMetaBelief(metaBelief);

06 metaBelief = new LinkedDataMetaBelief(“receive_productl”,

07 “http://rdf.freebase.com/rdf/m.0pd3tfx”, “receive_product”);

08 getBeliefBase().addMetaBelief(metaBelief);

Listing 2. Defining linked data beliefs.

As shown in Listing 2, initially two belief categories, one for selling and the other for buying,
are defined. Then, information about a product that is going to be sold is obtained from an RDF
document in the Freebase environment and added as a belief to the agent’s belief base. Similarly,
another belief about buying a product is also added to the belief base of the agent.

The other class used in defining beliefs is the UserDefinedMetaBelief class which is extended from
the MetaBelief class. This class is responsible for obtaining beliefs from the user defined data resources.
It has a two-parameter constructor used in defining beliefs. The first parameter is the name given to
the belief and the second parameter is the type of the data that constitutes the content of the belief
component. The code fragment illustrating this process on an example belief in the auction application
is given in Listing 3. The definition of two beliefs which are about an action and the participant list are
given in Listing 3 respectively.

01 MetaBelief metaBelief = new UserDefinedMetaBelief(“auction”, Auction.class);
02 getBeliefBase().addMetaBelief(metaBelief);

03 metaBelief = new UserDefinedMetaBelief(“participants”, Vector.class);

04 getBeliefBase().addMetaBelief(metaBelief);

Listing 3. Defining other beliefs.
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Both kinds of beliefs defined above are linked to the belief base of the agent by calling the
addMetaBelief method that adds a belief passed to it as a parameter to the belief base of the agent.

4.2.3. Defining Goals

MetaGoal class plays the key role in defining an agent’s goals. As you can see from the code
fragment given in Listing 4, the MetaGoal class has a two-parameter constructor. The first parameter
is the name of the goal, and the second parameter specifies the type of the goal. Some of the goals
of an agent can be adopted either from the very beginning when the agent is activated or just before
the agent terminates. These goals can be added to the goalbase of the agent using the methods
addInitialGoalName and addFinishingGoalName as shown in Listing 4.

01 MetaGoal metagoal = new MetaGoal(“finishing”, MetaGoal. PERFORMGOAL);
02 getGoalbase().addMetaGoals(metagoal);

03 metagoal = new MetaGoal(“initialization”, MetaGoal. PERFORMGOAL);

04 getGoalbase().addMetaGoals(metagoal);

05 getGoalbase().addInitialGoalName(“initialization”);

06 getGoalbase().addFinishingGoalNames(“finishing”);

Listing 4. Adding goals to the goalbase of the agent.

As mentioned in Section 2.3, the life cycle of a goal can be controlled by the developer.
The necessary conditions that are required for the transitions between the phases of the goal
life cycle are defined in a class extended from the TriggeredCondition class. Such a class
defined within the context of the developed auction application is shown in Listing 5. The
AuctioneerAgentSuspendCondition class defines the conditions for an auctioneer agent to make
a transition to suspended state and these conditions are written in the body of the method
triggeredCondition().

01 public class AuctioneerAgentSuspendCondition extends TriggeredCondition{
02 public Boolean triggeredCondition(){

03 .

04 }

05 }

Listing 5. Defining a condition for making a transition between two states.

The metaGoal class provides the methods for relating the defined conditions with the goal at
hand. For example, setSuspendConditionClassName relates a suspend condition definition to a goal.
On the other hand, the conditions that define when an agent has to drop a goal, is related with the
goal via the method setDropConditionClassName. Examples for defining conditions for a goal that is
related with starting an auction are shown in Listing 6.

01 metagoal = new MetaGoal(“auction_process”, MetaGoal. PERFORMGOAL);

02 metagoal.setSuspendConditionClassName

03 (“tredu.ege.bilmuh.application.sample.serverside. AuctioneerAgentSuspendCondition”);
04 metagoal.setDropConditionClassName

05 (“tredu.ege.bilmuh.application.sample.serverside. AuctioneerAgentDropCondition”);

06 getGoalbase().addMetaGoals(metagoal);

Listing 6. Defining conditions for a goal.

Another property in LDAF-M, which is a result of its BDI architecture, is that a goal can block
some or all of the other goals during deliberation. For example, some of the goals of the agent can be
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transferred to the option phase from the active phase, based on the blocking list of another goal that is
being adopted by the agent. These blocked goals can never pass to the active state unless the blocking
goal continues its execution. This information is provided through the addInhibitGoalName method
located in the MetaGoal class. In addition, the number of maximum goals the agent can handle while
executing a specific goal is defined using the setCardinality method as shown in Listing 7. In Listing 7,
one can see that searching for an auction while sending an auction generation request is inhibited.

01 MetaGoal metagoal = new MetaGoal(“send_request_generate_auction”,
02 MetaGoal PERFORMGOAL);

03 metagoal.addInhibitGoalName(“search_auction”);

04 metagoal.setCardinality(5);

05 getGoalbase().addMetaGoals(metagoal);

Listing 7. Setting properties for a goal.

4.2.4. Defining Plans

The MetaPlan class is the main class that supports the definition of plans which play an active
role in transforming the goals into a series of actions. As illustrated in the code fragment given in
Listing 8, MetaPlan class has a constructor with two parameters. The first parameter is the name of
the plan being defined, and the second parameter is the name of the class containing the body of the
plan. The class containing the body of a plan is an extension of the PlanContent class. In addition, it is
also important to define the relationships between plans and goals, and the MetaPlan class includes a
method using which such relationships can be defined. In Listing 8, the goal called “auction_process”
is associated with the auction processing of the auctioneer agent which is responsible for managing
the auction. Finally, the plan defined is added to the plan base of the agent.

01 MetaPlan metaplan = new MetaPlan(“auction_process_plan”,

02 “tredu.ege.bilmuh.application.sample.serverside. Auctioneer AuctionProcessPlan”);
03 metaplan.addProbablyGoalName(“auction_process”);

04 getPlanbase().addMetaPlan(metaplan);

Listing 8. Defining plans.

In LDAF-M, execution of a plan not only starts with the adoption of a goal which associated with
that plan, but also starts based on the occurrence of an event within the agent platform. For example,
when an agent receives an agent communication language message from another agent, an event is
created. Then, the plan associated with that event begins to execute provided that the relationship
between that plan and the message generated the event have already been defined. This relationship is
defined using the method addMessageEventTrigger which is located in the Planbase class. The use
of that method is shown in Listing 9. The first parameter of the method is the reference name of the
message trigger, and the second parameter is the name of the plan.

s

01 getPlanbase().addMessageEventTrigger(“subscribe_auction_msg”, “subscribe_auction”);

i

02 getPlanbase().addMessageEventTrigger(“get_auction_name_msg”, “get_auction_name”);
Listing 9. Adding event trigger to a plan.

The PlanContent class has also an important role in the execution of the plans, since the detailed
operation of a plan is defined within that class. A plan content example is given in Listing 10.

The actions to be done within the scope of the plan are defined in the method called “body”.
Execution of a plan can end with success or failure. The actions to be done in case of success, just
before the plan is terminated, are defined in the method called “passed”, while the actions to be done
in case of a failure are defined in the method called “failed”. On the other hand, some plans cannot be
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completed due to some reasons. When this is the case, the actions that should be done are defined in
the method called “aborted”.

01 public class EvaluateAuctionOfferPlan extends PlanContent {

02 public void body() { ...... }
03 public void passed() { ...... }
04 public void failed() { ...... }
05 public void aborted() { ...... }
06 |}

Listing 10. Plan content.

From the agent developer’s perspective, the plan content plays an important role, since a
developer is able to define the following tasks and access the main components of an agent within a
plan body:

e Interacting with the Agent Management System (AMS) to create an agent, to kill an agent, or to
query the AMS about an agent.

e Accessing belief base, goal base, and plan base of the agent that is executing the plan body.

e  Registering the services of an agent with the Directory Facilitator (DF), searching the DF for
discovering the agents giving a specific service.

e  Sending agent communication language messages to other agents.

4.3. Collaboration Diagram for the Case Study

The auction application which has been developed as a case study using the LDAF-M platform,
is in fact a multi-agent system consisting of a number of agents. Each of these agents interacts with
each other as well as with the LDAF-M platform’s main components. We illustrate these interactions
in a collaboration diagram which is given in Figure 7.

13: creates
7:terminate
N 5:send Personal
Logininfo 2: obtainLoginInfo
. o . Linked Data
Login 6: authenticationinfo | Administrator Resource
Agent Agent (Freebase)
12: startAuction request
18: r?move 1:registersWith
Auctioneer
Entry
3: askFor i 8: registersWith 9:obtainProductinfo
AdminAgent
i . 10: askFor .
Directory AdminAgent Client
Facilitator Agent
4:return AdminAgent 11:return AdminAger_}%
20: search for other
Auctioneer Agents 16 invite 17:send 19: send Bids
for Auction| Acknowledgement
14: askForClientAgents

15: return ClientAgents Auctioneer
Agent

Figure 7. Collaboration diagram for the agent based auction application.
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Each numbered interaction in the collaboration diagram is explained below. Please note that
initially the agent platform is initialized, the AMS which will keep the agent identifiers and manage
agent life cycle and the DF which is like a yellow page service are created. These steps are not shown
for the sake of simplicity.

1: After the auction application has begun to execute on the mobile device that would serve
as the server within the context of the developed application, an administrator agent is created.
Upon creation, the administrator agent registers with the Directory Facilitator (DF) so that agents that
are going to be created in future within the context of the auction application can discover it. The DF
information console is shown in Figure 8.

Server Side

Active Platforms Directory Facilitator (DF)| About

Directory Facilitator Service

| Agent Name IP Address
aaministrator@MobileAgent 192.168.2.13

Figure 8. The Directory Facilitator (DF) information console.

2: The administrator agent obtains the login information belonging to all of the system’s users
from a data resource. In our case, the administrator agent obtains this knowledge from the RDF
documents that we have already recorded to Freebase and then internalizes that data in its belief base
using the graph data structure introduced in Section 3.

3. On the client side, users that want to use the auction system need to create a login agent.
Upon creation, the login agent asks the DF for the administrator agent.

4: The DF sends the information about the administrator agent to the login agent.

5: The login agent transmits its user’s login information to the administrator agent.

6: If the authentication process ends with success, the user receives a login success message.

7: The login agent terminates after successful login.

8: After successful login, client agents which represent participants in an auction are created.
Then they register with the DF.

9: A client agent obtains the data about the products that it is going to sell or buy from the RDF
documents residing in Freebase. After the client agent parses that data, it maps the parsed data into
the LDAF-M’s graph based data structure to record them as its beliefs.

10: The client agent asks the DF for the administrator agent of the application.

11: The DF sends the information about the administrator agent to the client agent.

12: The client agent communicates directly with the administrator agent to send it a request for
starting an auction for a product that it decides to sell. The client agent repeats sending this request for
each of the products that it wants to sell.

13: After processing this request, the administrator agent creates an auctioneer agent which is
responsible for managing the auction for that specific product.

14: The auctioneer agent asks the DF for the client agents registered.
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15: The DF sends information about all the client agents which registered with it.

16: The auctioneer agent sends invitation messages to all of the client agents (other than the client
agent which is the seller) asking them whether they prefer to participate in the auction for that specific
product or not.

17: A client agent evaluates this invitation considering the beliefs in its belief base and makes a
decision as a result. If it decides to participate in that auction, it notifies the auctioneer agent about
this decision.

18: Each auctioneer agent registers itself with the DF for only a pre-specified time period. When
the time period for an auctioneer agent completes, its registration record is removed from the DF.
Upon this removal operation, the auction starts and participant client agents get a notification as
shown in the screen given in the left part of Figure 9. The alert includes information about the product
that is subject to the auction and the name and address of the client agent who plays the seller role.

suction For Product 'notebook’ Is

i
suction For Product 'notebook’ Is orpteted

IStarting!!
lient192 168 .2 13@Mobilefgent

lient192.168 .2 1 3@Mobile fSgent Price : 1270

ner -
lient192 168 2 2@Mobilefgent

Figure 9. Alerts indicating the start and end of an auction for a specific product.

19: Each participating client agent submits a bid to the auctioneer agent in sequence until the
time period for the auction completes. The client agent who submitted the highest price bid wins
the auction. Each participating client agent receives an auction completed alert including the seller,
winner, and the price as shown in the screen given at the right part of Figure 9.

20: A client agent can also want to know about auction proposals that are suggested before
that client agent has been created. When this is the case, the client agent communicates with the
DF to discover auctioneer agents that are related to the products that the client agent wants to buy.
After discovering the related auctioneer agents, the client agent sends a request to the auctioneer agent
to indicate its decision in participating with the ongoing auction.

4.4. Discussion

There is no standard benchmark for evaluating the components and services provided by the
LDAE-M, which is a FIPA-compliant and linked data aware agent development framework targeting
mobile devices. Thus, we need to define a basic evaluation framework which defines different
perspectives for the implemented framework. Those perspectives are listed below:
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Perspective 1: We need to verify that the system fulfills the basic requirements given in the sub
list below:

Requirement 1.1: The case when an agent(s) located in a mobile device becomes inaccessible
should be detected and handled.

Requirement 1.2: Compliancy with the FIPA Agent Management Reference Model should
be ensured.

Requirement 1.3: Agents supporting the BDI model can be developed using LDAF-M.

Requirement 1.4: Belief component within the BDI architecture should be able to obtain its
beliefs also from the linked data environment and use them in the deliberation process.

Perspective 2: We need to observe the physical limits of the system in terms of the number of
agents created together with the agent platforms.

Agent based auction domain has been selected, on purpose, as the domain of the application
implemented as the case study, since this application includes several types of agents located on
different platforms and constitutes a multiagent system where member agents intensively interact
with each other as well as with the managerial components of the platform.

Several client agents playing the role of buyers in an auction and auctioneer agents playing
the role of sellers of a specific product have been created. Some of the auctioneer agents have been
intentionally made offline. Then, a client agent that has been created before those auctioneer agents is
selected. When this client agent queries the DF to discover the auctioneer agents created before itself
so that it can send a request to each of them for participating in ongoing auctions, it has been verified
that the offline auctioneer agents are removed from the system and their related auctions are cancelled.
This observation fulfills requirement 1.1.

The developed application also tests the FIPA-compliancy related components of the framework.
Agent platforms have been constructed on several mobile devices and the services such as AMS and
DF has been used. For example, life cycles of agents in the auction application are managed through
AMS services. On the other hand, DF has been intensively used in the auction application. FIPA-ACL
agent communication language messages have been sent during the interactions of agents. As a result,
requirement 1.2 is fulfilled.

Within the scope of the developed auction application; beliefs, goals, plans and actions are defined
for different kinds of agents such as buyer, seller, administrator and log-in agents. Those agents are
executed successfully on their platforms and it has been observed that the deliberation mechanism
inside each agent works. This fulfills the requirement 1.3.

To fulfill requirement 1.4, Freebase has been used as the linked data resource. Login information
for the system users, as well as the data about products that are going to be exchanged, is supplied
from the RDF documents located in Freebase. It has been observed that this data can be internalized as
beliefs of the agents using the graph data structure defined inside the agents for this purpose.

The auction application has been implemented by installing the LDAF-M to several computers.
One of them functioning as the server is the platform where the index server and the DF of the
system reside. The index server plays a major role in managing the P2P communication infrastructure.
The other ones, on which the LDAF-M has been installed to, correspond to mobile device agent
platforms that include their own AMS services. Two auctioneer agents and four client agents are
created and distributed over those platforms. Java multi-threading, which is used especially in the
agency layer to support the BDI based deliberation process, is the primary factor affecting the physical
limits of the system. The source code for agent based auction application is provided at the GitHub
page of the project [29].

5. Related Work

In the literature, there are widely-known open source mobile-device agent frameworks which are
JADE-LEAP, AFME, and 3APL-M.
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JADE-LEAP (Java Agent Development Environment-Lightweight Extensible Agent Framework) [11]
allows developing agent systems on mobile devices. In fact, LEAP is an add-on for the JADE framework.
FIPA-compliant agent communication and execution infrastructure provided is its prominent feature.
The main container in the JADE-LEAP framework includes both the DF and the AMS. On the other
hand, in LDAF-M the index server agent platform, which is the equivalent component, includes only
the DF. Instead, each mobile device platform includes its own AMS to prevent a possible overloading in
the index server agent platform. In addition, the BDI model of agency is not supported in JADE-LEAP;
it provides its own task execution infrastructure based on the different behavior types defined

AFME (Agent Factory Micro Edition) [13] is an agent framework which provides software
developers the ability to develop agent-based applications in mobile platforms. AFME is built on top
of the Agent Factory framework developed by the same research group. AFME supports the BDI
model of agency and represents beliefs as logical sentences in its belief base.

3APL-M [12], is another mobile device agent development framework that supports the BDI
model of agency. It is built upon the Artificial Autonomous Agents Programming Language (3APL)
language from which it takes the deliberation mechanism. The beliefs of agents in 3APL-M are
represented using Prolog language.

However, data that represent the beliefs of the agents running within LDAF-M platform can be
obtained from the data sources in the linked data environment. This gathered data is internalized
using the graph data structure defined in LDAF-M for this purpose. This support for linked data is the
main difference of LDAF-M.

On the other hand, after the introduction of Android operating system, several studies have
been conducted to develop agents for Android based mobile devices. While some of these studies
aimed to extend previous agent development frameworks for supporting Android based devices, the
other studies aimed to develop agent platforms for Android based devices from scratch. A new JADE
configuration that addresses Android running mobile devices [15] is an example for the first category.
Additionally, a new JADEX version that supports implementing agents on Android based mobile
devices has been released [16].

Andromeda (ANDROid eMbeddED Agent) platform [35] is an example for the second category.
The aim of the Andromeda project is to provide a development platform to support users in developing
embedded agents for mobile devices using the Android operating system. It provides the basic
building blocks such as Agent, Behavior, Task, and Capability. These components are integrated
with the Android system’s building blocks. On the other hand, Andromeda supports neither FIPA
standards nor BDI model of agency.

JaCa-Android [36] is another platform for developing mobile applications. As its developers also
emphasize, JaCa-Android is not a new agent development platform and does not aim to port existing
agent technologies into mobile devices. It rather presents a programming model for developing
Android based smart mobile applications using the Jason agent development framework [9] and the
CArtAgO environment programming framework [37].

When this study was initiated, we decided to begin the development of LDAF-M using Java
technology for mobile devices (e.g., Java Platform, Micro Edition-Java ME) [38]. Java ME is supported
by many different kinds of mobile devices and mobile device operating systems by means of the
different Java ME profiles. On the other hand, undoubtedly the Android operating system has found
widespread use in recent years. Based on this fact, there is a tendency towards developing an Android
configuration for mobile device agent frameworks that have originally been developed using Java
technology, as seen in the case of Android configurations for JADE and JADEX. There are several
bridges to convert Java ME applications into Android applications, but we foresee that we might
spent serious manual effort for porting LDAF-M which is rather a comprehensive Java ME application.
Being focused on the linked data support in the current version of LDAF-M, but accepting the fact that
Android operating system occupies an important place in the mobile applications ecosystem, porting
the presented framework into the Android environment is left as the primary future work.
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A comparison table that compares LDAF-M and other frameworks from four perspectives is
given in Table 1 below. Please note that JaCa-Android is not included in the comparison table, since it
is not a new agent framework intended to be developed specifically for mobile devices.

Table 1. Comparison table for LDAF-M and other mobile device agent frameworks.

P2P .
Framework Name Communication FIPA Compliancy BD“I\Model of Linked Data
Infrastructure gency Support
JADE LEAP YES YES NO NO
3 APL-M NO NO YES NO
AFME YES YES YES NO
JADEX-Android NO YES YES NO
ANDROMEDA NO NO NO NO
LDAF-M YES YES YES YES

An important research area in the multi-agent systems field is agent based simulation. There are
many techniques proposed and tools developed in this area [39]. One such technique proposed for
developing agent based simulation applications is TABSAOND [40]. TABSAOND has a software
framework that allows the deployment of agent based simulation models as mobile applications.
This is an important characteristic for a simulation tool, since users’ access to desktop computers can
be limited in domains such as crisis management. The software framework of TABSAOND has been
developed using the JavaScript programming language. This is also an important property, since it is
possible to generate cross-platform native mobile applications from JavaScript codes. LDAF-M does
not support the development of agent based simulations, it is rather a general agent development
framework that can either be used in developing multi-agent systems in any domain that requires
cooperative or competitive behavior, such as information retrieval, and e-commerce as long as the
appropriate plans are defined, or be used in developing intelligent personal digital assistants that are
in continuous interaction with the other components and data resources in the system. On the other
hand, we will be inspired by TABSAOND, when we think of porting the presented framework to
JavaScript environment to take the advantages of cross-platform development as a future work.

Another perspective that we want to cover in the related work section is the coordination of agents.
Coordination in multi-agent systems is a closely related topic with communication, since a coordination
mechanism is built on top of a communication infrastructure. In a nutshell, in LDAF-M, agents use the
communication infrastructure for exchanging agent communication language messages with other
agents. In addition, life cycle management of an agent (i.e., detecting whether an agent is alive or
off-line) is handled through this infrastructure. Since an agent can behave autonomously on behalf of
its users, and can interchangeably play the roles of a client and a server, it is possible to describe an
agent as a “peer”. The communication infrastructure employs the appropriate network programming
and server-side programming technologies to give agents (peers) the ability to communicate with each
other, and to support agent life cycle management. In LDAF-M, coordination can be realized through
the agent plans that are manually defined by the developers for a specific application.

In the literature, there are several coordination patterns defined for multi-agent systems.
One such coordination pattern is the one described by Magarifio and Gutiérrez, considering a crisis
management scenario where there are collaborative agents interacting with both each other and the
environment [41]. The implementation of this pattern includes coordination, network and information
agents. Coordination agents live in the mobile devices and are responsible for coordinating people
in the area in case of a crisis. Network agents behave as an intermediary in communication of the
agents. Finally, information agents keep knowledge of locations related with the crisis and the city
map. In LDAF-M, the peers can communicate directly with each other, there is no intermediary service.
The index server in LDAF-M platform is responsible for maintaining the life cycle of agents, it does
not behave as an intermediary during communications.
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On the other hand, coordination patterns can be included in LDAF-M as pre-built interaction
protocols. In this way, developers can choose the appropriate protocol during design. Support for
built-in interaction protocols has already been provided by the JADE framework. Contract net and
brokering are examples for JADE framework’s pre-built interaction protocols. The same approach can
also be employed in LDAF-M.

Studies that only aim to use semantic web/linked data technologies from mobile applications
form the final perspective regarding the related work, though these studies do not consider agent
technology. For example, DBpedia mobile is a location aware application that uses location data
obtained from DBpedia [42]. A case study in the tourism domain has been developed to demonstrate
the DBpedia mobile system. Although this study is a valuable effort that aims to use semantic web
technologies in mobile devices, it does not address agent technology.

6. Conclusions

In this study, the FIPA-compliant agent framework which has been developed for mobile devices
is introduced. Providing P2P communication infrastructure, following FIPA Agent Management
Reference Model specification, and having an agency layer that implements the BDI model of agency
are prominent features of this framework. On the other hand, an agent which is developed using the
provided framework is able to construct its belief base by internalizing the data obtained from the
resources in the linked data environment. Linked data support is the distinguishing feature of the
developed framework that makes it different from other mobile device agent frameworks.

An agent based auction application has been developed as the case study using the framework.
This application having a number of different agents, requiring many interactions between agents
themselves and the administrative components of the platform, and making agents to obtain their
beliefs from Freebase as the linked data resource, has sufficiently provided the context to test the
framework. On the other hand, the implementation is flexible enough to add new linked data sources
such as DBpedia.

As mentioned in the introduction section, when recent studies are inspected, one can see that use
of agent technology is still in progress in popular domains such as cyber physical systems and internet
of things among others. We think that agent development frameworks, which specifically address
mobile devices, will be of great importance for being used in developing agent based applications in
such domains.
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Abstract: In agent-oriented software engineering (AOSE), the application of model-driven
development (MDD) and the use of domain-specific modeling languages (DSMLs) for Multi-Agent
System (MAS) development are quite popular since the implementation of MAS is naturally complex,
error-prone, and costly due to the autonomous and proactive properties of the agents. The internal
agent behavior and the interaction within the agent organizations become even more complex
and hard to implement when the requirements and interactions for the other agent environments
such as the Semantic Web are considered. Hence, in this study, we propose a model-driven
MAS development methodology which is based on a domain-specific modeling language (called
SEA_ML) and covers the whole process of analysis, modeling, code generation and implementation
of a MAS working in the Semantic Web according to the well-known Belief-Desire-Intention
(BDI) agent principles. The use of new SEA_ML-based MAS development methodology is
exemplified with the development of a semantic web-enabled MAS for electronic bartering (E-barter).
Achieved results validated the generation and the development-time performance of applying this
new MAS development methodology. More than half of the all agents and artifacts needed for fully
implementing the E-barter MAS were automatically obtained by just using the generation features of
the proposed methodology.

Keywords: multi-agent system; BDI agents; model-driven development; agent development
methodology; semantic web service; ontology; SEA_ML; electronic bartering system

1. Introduction

Autonomous, reactive, and proactive agents have social ability and can interact with other agents
and humans to solve their problems. To perform their tasks and interact with each other, intelligent
agents constitute systems called Multi-Agent Systems (MASs) [1]. In addition, autonomous agents
can evaluate semantic data and collaborate with semantically defined entities of the Semantic Web,
such as semantic web services (SWS), by using content languages [2]. The implementation of agent
systems is naturally a complex task when considering their characteristics. The internal agent behavior
model and any interaction within the agent organizations become even more complex and hard to
implement when the requirements and the interactions for other agent environments such as the
Semantic Web [3,4] are considered.
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Therefore, it is natural that methodologies are being applied to master the problem of defining
such complex systems. One of the possible alternatives is represented by domain-specific modeling
languages (DSMLs) [5,6] that have notations and constructs tailored towards an application domain
(e.g., MAS). DSMLs raise the abstraction level, expressiveness, and ease of use.

The application of model-driven development (MDD) and use of DSMLs for MAS development
emerged in agent-oriented software engineering (AOSE) research field especially for the last decade [7].
Researchers developed various metamodels (e.g., [8-10]) and DSMLs (e.g., [11-15]) to cope with the
challenges encountered on design and implementation of MASs. Moreover, some fully fledged
DSMLs (e.g., [16,17]) exist for developing software agents especially working in semantic web
environments where agents can handle the Semantic Web content on behalf of their human users
and interact with other semantic web environment entities, such as SWS. One of these MAS DSMLs
is Semantic Web Enabled Agent Modeling Language (SEA_ML) [17] which has a built-in support
for the modeling interactions of agent and semantic web services by including several specialized
viewpoints. SEA_ML aims to enable domain experts to model their own MASs on the Semantic
Web without considering the limitations of using existing MAS development frameworks (e.g.,
JADE [18], JADEX [19] or JACK [20]). The evaluations [21], conducted for the assessment of
SEA_ML, show promising results considering the generation performance and the development
time reduction during MAS design and implementation. According to the experiences gained from
the multi-case study [21] conducted by using SEA_ML, the developers can benefit more from this
DSML when they use different viewpoints of SEA_ML in a proper way in the development of
MAS. Therefore, in this study, we propose a model-driven MAS development methodology which
is based on an extended version of SEA_ML and covers the whole process of analysis, modeling,
code generation and fully implementation of a MAS working in the Semantic Web according to the
well-known Belief-Desire-Intention (BDI) [22] agent principles. The use of the new SEA_MIL-based
MAS development methodology is exemplified with the development of a semantic web-enabled MAS
for electronic bartering (E-barter).

An agent-based E-barter system consists of agents that exchange goods or services of owners
according to their preferences without using any currency. Although there are some studies developing
agent-based E-barter systems such as [23-28], none of them use BDI agents and their internal reasoning
mechanism which can bring extra intelligence in the procedure of matchmaking for the E-bartering.
Also, these studies do not use SWSs as the automatic selection mechanism for the categories. Finally,
while the methodologies applied in above studies are mostly code-centric and do not consider MDD,
our study benefits from MDD and uses a DSML and its tool for the rapid implementation of the MAS.
As discussed in this paper, this new model-driven MAS development methodology based on SEA_ML
makes the design and development of the MAS system easier and less-costly since the agent developers
work with the domain concepts and utilize generative capability of the tool.

The rest of the paper is organized as follows: The next section presents the proposed MAS
development methodology based on SEA_ML modeling language. The analysis, design, and
implementation of the E-barter system, using the proposed methodology are discussed in Section 3.
Section 4 gives a demonstration of the implemented system. In Section 5, the related work is reported
and compared with our study. Finally, the paper is concluded in Section 6.

2. SEA_ML-Based MAS Development Methodology

In this study, a model driven approach is adopted, and a model-based methodology is proposed
for design and implementation of semantic web-enabled MASs. To this end, the proposed methodology
covers the use of a DSML. In this way, the complex systems including SWSs and MAS components
are modeled at a higher level of abstraction. In addition, these languages can model the interaction
between SWSs and Agents. As a result, the system can be analyzed, and the required elements can
be designed using the terms and notations very close to the domain. These domain-specific elements
and their relations to each other creates the domain-specific instance models which pave the way to
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implement the system. As these models are persisted in a structural and formal way, they can be
transformed to other proper paradigms, such as mathematical logics. In this way, they can be formally
analyzed and validated based on formal methods. This can decrease the number of semantic errors
later in the developed system. Furthermore, these models can be used to automatically generate
the architectural codes for agents and artifacts of the complex systems which can end up with less
syntactical errors and speed up the development procedure. According to the definition of artifacts in
Agents & Artifacts (A&A) metamodel [8], artifacts in our study are environmental components and
entities providing services, such as OWL-S documents (including process, grounding, and interface
documents) for SWS. Faster development requires less efforts and it brings cost reduction in the
projects. Moreover, fewer syntactical and semantical errors mean less iterations in the development
phase and less testing phase which also reduce the cost and effort. Therefore, the system can be
checked, and the errors can be partially found in the early phases of development, namely analysis
and design phases, instead of finding them in the implementation and testing phases.

In the scope of this study, SEA_ML [17] is used as a DSML for the construction of semantic
web-enabled MASs. SEA_ML enables the developers to model the agent systems in a platform
independent level and then automatically achieve codes and related documents required for the
execution of the modeled MAS on target MAS implementation platforms. To support MAS experts
when programming their own systems, and to be able to fine-tune them visually, SEA_ML covers all
aspects of an agent system from the internal view of a single agent to the complex MAS organization. In
addition to these capabilities, SEA_ML also supports the model-driven design and implementation of
autonomous agents who can evaluate semantic data and collaborate with semantically defined entities
of the Semantic Web, such as SWSs. Within this context, it includes new viewpoints which specifically
pave the way for the development of software agents working on the Semantic Web environment.
Modeling agents, agent knowledge-bases, platform ontologies, SWS and interactions between agents
and SWS are all possible in SEA_ML.

SEA_ML’s metamodel is divided into eight viewpoints, each of which represents a different aspect
for developing Semantic Web-enabled MASs. Agent’s Internal Viewpoint is related to the internal
structures of semantic web agents (SWAs) and defines entities and their relations required for the
construction of agents. Interaction Viewpoint expresses the interactions and the communications
in a MAS by taking messages and message sequences into account. MAS Viewpoint solely deals
with the construction of a MAS as a whole. It includes the main blocks which compose the complex
system as an organization. Role Viewpoint delves into the complex controlling structure of the agents
and addresses role types. Environmental Viewpoint describes the use of resources and interaction
between agents with their surroundings. Plan Viewpoint deals with an agent Plan’s internal structure,
which is composed of Tasks and atomic elements such as Actions. Ontology Viewpoint addresses the
ontological concepts which constitute agent’s knowledgebase (such as belief and fact). Agent—SWS
Interaction Viewpoint defines the interaction of agents with SWS including the definition of entities
and relations for service discovery, agreement, and execution. A SWA executes the semantic service
finder Plan (SS_FinderPlan) to discover the appropriate services with the help of a special type of
agent called SSMatchMakerAgent who executes the service registration plan (SS_RegisterPlan) for
registering the new SWS for the agents. After finding the necessary service, one SWA executes an
agreement plan (SS_AgreementPlan) to negotiate with the service. After negotiation, a plan for service
execution (S5_ExecutorPlan) is applied for invoking the service. Table Al lists the important SEA_ML
concepts (meta-entities) and their brief descriptions for the comprehension of the corresponding visual
notations used in the diagrams throughout this paper.

Based on SEA_ML, the analysis and the design of the software system can be realized using
the application domain’s terms and notations. This helps the end users to work in a higher level of
abstraction (independent of target platform) and close to expert domain. Also, generative feature
of SEA_ML paves the way to produce the configured templates from the designed models for the
software system in the underlying languages and technologies. Currently, SEA_ML can generate
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architectural code for JADE [18], JADEX [19], and JACK [20] agent programming languages and
OWL-S [29] and WSMO [30] SWS documents. This is realized by model to model transformation
of the designed platform independent instance models to the instance models of the target MAS
languages and SWS technologies. Then, these platform specific models are transformed to the platform
specific codes by model to code transformations. This generation capability of SEA_ML can increase
the development performance of the software system considerably. Finally, by constraints checking
provided in SEA_ML, the instance models are controlled considering domain-specific syntactic and
semantic rules. These rules are applied in the abstract and the concrete syntaxes of the language.
This feature helps to reduce the number of errors during the analysis and design of the software system
and avoid postponing them to the development and the testing phases.

In this section, the SEA_ML-based MAS development approach is discussed. Although this
new development methodology also considers the adoption of SEA_ML, it differentiates from
the previous development approach [17] as being a complete development methodology covering
the analysis, design, and implementation of the MAS. Analysis phase, which does not exist
previously, is now included in the methodology and both analysis and design phases are improved
with two types of iterations. Such an iterative development process is not considered in the
previous methodology. In addition to the modification of models, new methodology also supports
the changes in auto-generated codes if required. The proposed SEA_ML-based MAS development
methodology includes several steps following each other (see Figure 1): MAS Analysis, MAS Modeling,
Model-to-Model (M2M) and Model-to-Code (M2C) Transformations, and finally code generation
for exact MAS implementation. Following subsections discuss the methodology’s phases covering
those steps.
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2.1. MAS Analysis and Design

Based on the proposed methodology, the development of a semantic web-enabled MAS starts with
the analysis of the system by considering the MAS viewpoint of SEA_ML (see Figure 1). This viewpoint
includes MAS elements such as organizations, environments, agents, and their roles. The viewpoint
provides the eagle-view of the system and shapes the high-level structure of the system. The resultis a
partial platform independent instance model of the system covering the analysis phase of the system
development and providing a preliminary sketch of the system.

In the system modeling step the agent developer can use the fully functional graphical editors of
SEA_ML to elaborate the design of the system, which includes 7 viewpoints of the SEA_ML's syntax,
in addition to the MAS viewpoint used in the analysis phase. These viewpoints cover both multi-agent
part of the system (using Agent Internal, Plan, Role, Interaction, and Environment viewpoints)
and semantic web aspect of the system (using Agent-SWS Interaction and Ontology viewpoints).
Each viewpoint has its own palette which provides various controls leading the designers to provide
more accurate models. By designing each of these models for viewpoints, additional details are added
to the initial system model provided in the analysis phase. These modifications immediately are
updated in the diagrams of all other viewpoints. As the other viewpoints may have some constraint
checks to control some properties related to the newly added element, the developer will be directed to
complete those other viewpoints to cover the errors and warnings (coming from the constraint checks).
This can lead to several iterations in the design phase. The result of this phase is the development of a
complete and accurate platform independent model for the designed MAS.

2.2. Transformation and Implementation

The next step in the MAS development methodology based on SEA_ML is the automatic model
transformations. The models created in the previous step need to be transformed from platform
independent level into the platform-specific level, e.g., to the JACK and OWL-S models as in the case
of this study. These transformations are called M2M transformations.

According to OMG’s well-known Model-driven Architecture (MDA) [31], SEA_ML metamodel
can be considered as a Platform Independent Metamodel (PIMM) and JACK and OWL-S metamodels
can be considered as Platform-specific Metamodels (PSMM). The model transformations between
these PIMMs and PSMMs pave the way for the MDD of the Semantic Web-enabled MASs.
These transformations are implemented using ATL Language [32] to produce the intermediate models
which enable the generation of architecture code for the agents and SWS documents. An agent
developer does not need to know both the details of these transformations written in ATL and the
underlying model transformation mechanism. Following the creation of models in the previous
modeling steps, the only thing requested from a developer is to initiate the execution of these
transformations via the interface provided by SEA_ML’s Graphical User Interface (GUI).

Upon completion of model transformations, the developers have two options at this stage:
(1) They may directly continue the development process with code generation for the achieved
platform independent MAS models or (2) if they need, they can visually modify the achieved target
models to elaborate or customize them, which can lead to gain more accurate software codes in the
next step, code generation. In either case, the achieved result of this step are platform-specific system
models for JACK platform, OWL-S and OWL instances.

The next step in the proposed methodology is the software code generation for the MAS. To this
end, the developers’ platform-specific models (conforming to PSMMs) are transformed into the
code in the target languages. The M2T transformation rules are automatically executed on the
target models and the codes are obtained for the implementation of the MAS. In SEA_ML, it is
possible to generate code for BDI agent languages such as JACK from SEA_ML models. In addition,
semantic web components of the system can be obtained through other transformations to generate
OWL-S documents. Based on the initial models of the developer, the generated files and codes are also
interlinked during the transformations where it is required. To support the interpretation of SEA_ML
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models, the M2T transformation rules are written in Acceleo [33]. Acceleo is a language to convert
models into text files and uses metamodel definitions (Ecore Files) and instance files (in XMI format)
as its inputs. More details on how mappings and model transformation rules between SEA_ML and
the target PSMMs are realized as well as how codes are generated from PSMs can be found in [17].

As the last step, the developer needs to add his/her complementary codes, aka delta codes, to
the generated architectural code to have fully functional system. However, some agent development
languages, such as JACK, have their graphical editor in which the developer can edit the structure of
MAS code. The generated codes achieved from the previous step can be edited and customized to add
more platform specific details which helps to reach more detailed agents and artifacts. Then the delta
code can be added to gain the final code.

It is important to note that, although all above mentioned steps are supported by SEA_ML to be
done automatically, at any stage the developer may intervene in this development process if he/she
wishes to elaborate or customize the achieved agents and artifacts.

3. E-barter Case Study

In this paper, the design and the implementation of SWS-enabled agent-based E-barter system
were realized using JACK agent language [20] and OWL-S SWS technology [29].

JACK is a BDI oriented MAS development language providing a framework in Java. It is a
third-generation agent platform building on the experiences of the Procedural Reasoning System
(PRS) [34] and Distributed Multi-Agent Reasoning System (dMARS) [35]. JACK is one of the MAS
platforms that uses the BDI software model and provides its own Java-based plan language and
graphical planning tools.

OWL-S (Semantic Markup for Web Services) enables the discovery, invocation, interoperation,
composition, and verification of services. It builds on the formerly developed DAML-S [36] and was
the first submission for describing SWS submitted to the W3C. Each SWS in OWL-S consists of a service
profile, a service model, and a grounding. The service profile describes what the service does and is
used to advertise the service. The service model answers the question “how it is used?” and describes
how the service works internally. Finally, the service grounding specifies how to access the service.
OWL-S is based on the Web Ontology Language OWL [37] and supplies web service providers with
a core set of markup language constructs for describing the properties and capabilities of their web
services in an unambiguous, computer-interpretable form.

The following subsections discuss the details of analysis, design, generation, and implementation
of E-barter case study using the detailed methodology proposed in this study and benefiting from
SEA_ML platform.

3.1. System Analysis and Design with SEA_ML

In this subsection, we discuss the analysis and the design of the agent-based E-barter system.
System analysis is realized by specifying bartering elements using agents and their components in
SEA_ML, while system design is realized by providing diagrams of different viewpoints of the system
using SEA_ML.

3.1.1. System Analysis with MAS and Organization Viewpoint

An agent-based E-barter system consists of agents that exchange goods or services of owners
according to their preferences without using any currency. The system analysis phase is performed by
considering the MAS viewpoint of SEA_ML language. In fact, this viewpoint provides an overview of
the system which is shown in Figure 2. When considering the structure of the system, the EbarterSystem
constitutes of two semantic web organizations called Customers organization which include Customer
agents, and Management organization where the Matchmaker agent and ServiceAgent agents reside.
It is worth indicating that entities given in this overview can be considered as stereotypes and in the
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real system implementation, there can be many instances of these entities. For example, there can be
many agents of type ServiceAgent working in this system.

interacts_with . .
é:? EBarterSystem interacts_with

ﬂ*} Management ﬁ-:*} Customers

i works_in
works_in

works_in

Ss1 Customer
cooperates | St piatchmaker

cooperates

cooperates cooperates

_34 ServiceAgent
cooperates

Figure 2. Overview of E-Barter MAS.

In this MAS, a Matchmaker agent, which is defined as a SWA, handles the interaction between
Customer agents and ServiceAgents. This agent is responsible for registering SWS provided by each
ServiceAgent in the system and matching proper services with customers. To infer about semantic
closeness between offered and purchased items based on some defined ontologies, Matchmaker may
use SWS. Conforming to its matchmaking definition, Matchmaker needs to discover the proper SWS,
interact with the candidate service and realize the execution of SWS after an agreement.

Customer agents represent the end users in the E-barter system. This agent receives the user’s
offer and purchase items and interacts with Matchmaker and other Customers to realize bartering.
At the first stage, this agent interacts with Matchmaker to find out if there is a proper service containing
candidate customers. In case of success, it receives the service addresses and interacts with those
services to get the list of suitable customers. These services contain ontologically close customers
with our customer needs. In case of failure, the Matchmaker simply registers the customer into the
proper service. A Customer agent, having the list of candidate customers for bartering in hand, starts
to negotiate with them one by one to make an agreement and realize bartering.

The ServiceAgent agents represent the E-bartering SWSs in the system. They interact with the
Matchmaker agent to register, update, and un-register the SWSs used in the system.

3.1.2. MAS Design by Modeling in SEA_ML

In accordance with the SEA_ML-based MDD methodology, we start by creating system models
based on different viewpoints. The information needed for designing these models is gathered with
the appropriate requirements engineering within the domain of the E-barter System.

In this study, we present three viewpoints of the E-barter system in SEA_ML namely MAS,
Agent Internal and AgentSWS interaction viewpoints which represent both the MAS and SWS
aspect of the system. The diagrams representing the models in these viewpoints are shown in
Figures 2—4 respectively.
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An agent’s general interaction and bartering processes are modeled with using SEA_ML based on
the performed analysis discussed above. In this step, we evaluate the SWA agent instances in the MAS
and then model the internal structure of each agent using Agent Internal Viewpoint. It is worth noting
that, the instance models and the instances of specific elements (such as SWA) are related to example
models conforming to the SEA_ML meta-model within the model-driven approach. After that, we
model the interactions of these agents with services, using the internal components of the semantic
web services of Agent-SWS interaction viewpoint.

According to the system analysis realized in the previous phases (discussed in Section 3.1.1), the
system constitutes of two semantic web organizations: Management and Customers. Each semantic
web organization is a composition of SWAs having similar goals or duties. These organizations need
access to some resources in the EBarterSystem environment. For this reason, there are interactions
with the EBarterSystem environment to get access permission. In addition, the interactions of agents
with each other are modeled. In this case, study, the MAS-to-be-implemented consists of 3 types of
semantic web agents: Matchmaker, Customer and ServiceAgent. All Customers and ServiceAgents
cooperate with Matchmaker to access the E-Barter system. In addition, customer agents interact with
each other to negotiate for bartering. For instance, a Customer agent cooperates with a Matchmaker
agent to get the list of Customer agents who have the requested product(s).

When the system’s agents are determined in MAS viewpoint, the internal structure of each
semantic web agent is modelled. The instance model should cover all the required roles, behaviors,
plans, beliefs, and goals of an agent. Figure 3, illustrates an instance model of the agent internal
viewpoint for a Customer agent.

Customer agent has two Capabilities called SearchCapability and BarteringCapability.
The SearchCapability includes its Goals (“ServiceMatching” and “AgentRegisteration”),
Belief (“barter_goods”), and Plans (“AskMatchmaker” and “HandleMatch”). The BarteringCapability
includes its own Goal (“AggrementNegotiation”), Belief (“barter_goods”), and Plans
(“PerformNegotiation”, “ProposalEval” and “NegatiationFinalize”). © When considering the
Beliefs, the agent uses them to know which goods it has, and which goods it needs. Therefore,
the agent decides what to offer and what to require for in the bartering process. Also, the agent
could play Searching and Bartering roles. The Searching role could realize its task over “Finding
Services” behavior by calling the AskMatchmaker plan. If this plan is executed successfully, “Getting
Agent Names from Services” behavior is performed with the “HandleMatch” plan. Otherwise, the
agent performs “Sending Register Request to Matchmaker” behavior. The Bartering role realizes all
behaviors associated with the bartering transaction. The bartering transaction is carried out among the
Customer agents and the “Bartering Role” covers all these process behaviors which are realized by
relevant plans.

Figure 4 shows the instance model which includes semantic services and the required plan
instances of the Agent-SWS interaction viewpoint. The instance model contains all the plans for
discovering, negotiating with and executing the candidate services. Customer and Matchmaker agents
are modeled with relevant plan instances to find, make the agreement with, and execute the services
which are the instances of the SS_FinderPlan, SS_AgreementPlan, and SS_ExecutorPlan, respectively.
The services could also be modeled for interaction between the SWS's internal components (such as
Process, Grounding, and Interface), and the SWA'’s plans.

Therefore, when considering Customer agent request for bartering Foods, the agent should play
the FoodBartering role. While playing this role, the agent applies AskMatchmaker plan for finding
a suitable service interface of a Food SWS. This plan is realized by interacting with the Matchmaker
agent which applies RegisterRequest plan to register services. Therefore, Customer agent cooperates
with Matchmaker to receive some services for getting name of Customer agents who are candidates
to barter. Finally, the Customer agent applies its FoodServiceCall plan to collect candidate customer
agents with whom it can negotiate.

360



Appl. Sci. 2018, 8, 688

3.2. System Implementation with Model Transformations and Delta Code Development

In this study, the proposed multi-agent E-barter system is implemented using the JACK
platform [20,38]. JACK is selected as it is one of the widely accepted Java-based BDI MAS
development platforms. Also, it is as a mature and robust commercial product and meets the
appropriate needs for industry adoption, such as scalability and integration.

OWL, the standard language of the W3C for the definition and development of ontologies,
is employed in the realization of ontological concepts of SEA_ML. OWL is built on RDF and RDF
Schema [39] and adds more vocabulary for describing the properties and classes such as relationship
between classes, cardinality, equality, richer typing of properties, and the characteristics of properties
and enumerated classes. SEA_ML adopts the Ontology Definition Metamodel (ODM) of OMG [40] as
the metamodel of OWL and that metamodel is used as target PSMM during the transformation.

01 <?xml version="1.0" encoding="1SO-8859-1"?>

02 <owls:OWLSplatform

03 xmi:version="2.0"

04 xmlns:xmi="http://www.omg.org/XMI"”

05 xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
06 xmlns:owls="http://owls.com”>

07 <containsService name="Food"”>

08 <presentedBy name="FoodServiceCall”>

09 <containsInput name="Type” />

10 <containsOutput name="“/>

11 <containsCondition name=""/>

12 <containsEffect name="“/>

13 </presentedBy>

14 ..

15 <supportedBy name="FoodServiceCall”/>

16 </containsService>

17 <containsService name="ElectronicDevices”>

18 <presentedBy name="ElectronicServicelnterface”/>
19 <containsInput name="Type” />

20 <containsOutput name="“/>

21 <containsCondition name="“/>

22 <containsEffect name=" />

23 </presentedBy>

24 ..

25 <supportedBy name="ElelctronicDevicesServiceCall”/>
26 </containsService>

27 ..

28 </owls:OWLSplatform>

Listing 1. Part of the generated OWL-S model for the E-barter system.

The semantic web services modeled in SEA_ML are transformed into OWL-S services to enable
the implementation of these services. OWL-S offers a high-level service ontology that can store three
basic information about a service. The Service Profile tells you what the service is doing and provides
information to discover a service. The Service Model describes how the service can be used and the
composition of the service. Finally, Service Grounding provides information on how to interact with
the service. Therefore, in our study, each SWS modeled in SEA_ML is transformed into an OWL-S
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Service element and the appropriate Service Profile, Service Model and Service Grounding documents
are created for the related SWS.

3.2.1. Model Transformations

Based on the proposed methodology, M2M transformations are applied for transforming the
models designed in SEA_ML as platform independent models and JACK BDI agent and OWL-S
models as platform-specific models. A part of generated OWL-S instance model for E-barter system is
depicted in Listing 1. In this model the Food service is defined in Lines 7-16, and Electronic Devices
service in Lines 17-26 with their interfaces and groundings.

01 <?xml version="1.0" encoding="1SO-8859-1" ?>

02 <!DOCTYPE uridef [

03 <IENTITY rdf “http://www.w3.0rg/1999/02/22-rdf-syntax-ns”>

04 <!ENTITY rdfs “http://www.w3.0rg/2000/01/rdf-schema”>

05 <!ENTITY owl “http://www.w3.0rg/2002/07/owl”>

06 <!ENTITY service “http://www.daml.org/services/OWL-S/1.0/Food.owl”>

07 <IENTITY congo_profile “http://www.daml.org/services/fOWL-S/1.0/FoodProfile.owl”>
08 <!ENTITY congo_grounding “http://www.daml.org/services/lOWL-S/1.0/FoodGrounding.owl”>
09 <!ENTITY DEFAULT “http://www.daml.org/services/fOWL-S/1.0/FoodService.owl”> ]>
10 <rdf:RDF

11 xmlins:rdf = “&rdf;#”

12 xmlns:rdfs ="&rdfs;#”

13 xmlns:owl = “&owl;#”

14 xmlns:service= “&service;#”

15  xmlns:profile= “&profile;#”

16  xmlns:process= “&process;#”

17 xmlns:grounding= “&grounding;#”

18 xmlns:tradingServiceProfile=&profile;#

19  xmlns:tradingServiceModel=&process;#

20 xmlns:tradingServiceGrounding=&grounding;#

21 xmlns =“"&DEFAULT;#”

22  xml:base="&DEFAULT;”>

23 <owl:Ontology rdf:about="">

24 <owl:versionInfo> $Id:Service.owl generated at: 20/02/2018 10:12:13  </owl:versionInfo>
25  <rdfs:comment>

26  This ontology represents the OWL-S service description for the FoodService web service.
27 </rdfs:comment>

28  <owl:imports rdf:resource= “&FoodService_service;” />

29 <owlimports rdf:resource= “&FoodService_profile;” />

30 <owlimports rdf:resource= “&FoodService_process;” />

31 <owlimports rdf:resource= “&FoodService_grounding;” />

32 </owl:Ontology>

33  <service:Service rdf:ID=“FoodService”>

34 <service:presents rdf:resource="&Food_profile; #ServiceProfile /> <!-- Reference to the Profile -->
35 <!-- Reference to the Process Model -->

36 <service:describedBy rdf:resource=&food_process; #ServiceModel/>

37 <!--Reference to the Grounding -->

38 <service:supports rdf:resource= &FoodServiceCall_grounding; #ServiceGrounding’/>
39  </service:Service>

40 ...

41  </rdf:RDF>

Listing 2. An excerpt of the generated OWL-S service file.
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The M2T rules are applied on platform-specific models (JACK and OWL-S models) for the
generation of JACK BDI agent codes and OWL-S documents (including Service, Profile, Process and
Grounding documents) corresponding to semantic web agents and semantic web services designed in
the system. As an example of the generated code, an excerpt of OWL-S Service file (“Service.owl”) is
shown in Listing 2 This file consists of the definition of the other documents for the service.

Although the codes generated for the MAS can be executed directly in the JACK environment,
additional codes should be added into these generated codes, called delta code, by the developer to
have the fully functional system.

The Generated Codes in the Target Language Environment

According to the proposed MAS development methodology, the generated code can be modified
in the target language environment, JACK editor in the case of our study. JACK environment has
a built-in graphical user interface that represents classes and their relations. After model-to-text
transformations, JACK Java classes are produced for the customer agent from intermediate models.
Apart from creating a Java class for the customer agent, separate Java classes are generated for this
agent’s capabilities, plans, events, and beliefs. Part of the generated codes demonstrated in the JACK
editor is depicted in Figures 5 and 6. In the generated codes, the customer agent has two capabilities,
namely Bartering and Searching. There are separate Java classes produced for these capabilities which
are interlinked to the generated architecture code. Also, the Java classes that are generated for each
capability of the agent, are linked to the plan, event, and belief classes that this capability requires.

- ™~ © © Design Palette

"h.._._____._,_..p‘
bgs O
(barter_goods) Agent Capability
| o
v Event Plan
Match @ D
Named Data Note

SeedRequest

AskToMatchmalker

HandleMatch

MatchRequest

Starthegatiating RegisterRequest

Figure 5. Searching capability in JACK editor.
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Agent Capability
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MNegaotiationProposal Event Plan
ed Data Note

Nami

MNegatiationResult

DeleteRequest

mutex
(Semaphare)

nr
(negotiation_ratio)

mutex2
(Semaphare)

Figure 6. Bartering capability in JACK editor.

As it is shown in Figure 5, the searching capability has two plans. One of them is
AskToMatchmaker plan. This plan handles SeedRequest event and sends MatchRequest event to the
Matchmaker agent for getting suitable services list. The HandleMatch plan handles Match event which
is sent from the Matchmaker agent. The Match event encapsulates a service list. If the service list is
null, it means that there is no suitable service for MatchRequest sent from Customer agent. Otherwise,
the HandleMatch plan try to get appropriate agents from the services for bartering. If the Customer
agent finds suitable agents using the HandleMatch plan, it will start negotiation with these agents, if
not, it will send a request to Matchmaker agent to register itself in a suitable service.

Bartering capability (see Figure 6) is responsible for the negotiations between the agents.
When StartNegotiating event is posted, the PerformNegotiation plan is executed to handle it.
NegotiationProposal event is created and sent to the relevant Customer agent. ProposalEval plan is
responsible for evaluating incoming proposals and responding them. If the answer of the proposal is
positive, the NegotiationFinalize plan is used to finalize the negotiation between two agents.

3.2.2. Delta Code Development

The codes generated by SEA_ML are architectural codes and the relations are established by the
language considering the model which are controlled by the language at the semantic control stage
that prevents most of the semantic errors in the code. Also, the codes do not have any syntactical
errors at this level. The delta codes should be added manually to establish behavioral logic. Such code
completion is need for both MAS and SWS parts of the system.

3.2.2.1. Delta Code for MAS Part of the E-barter System

The codes containing the negotiation logic of the Customer agents are critical to the system. These
codes are located mostly in the plans of the agents, such as ProposalEval, NegotiationProposal, and
PerformNegotiation, where most of the delta codes are added. In Listing 3 the delta code for the
reasoning method of ProposalEval plan that allows an agent to evaluate proposals, is shown.
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01  body(){

02  double actR=nr.getActRatio(evl.from,$seed.getValue() $offer.getValue());
03  double I=$lratio.getValue();

04 double u=$uratio.getValue();

05 double r=1.0/ev1.ratio;

06  self.guiMessage(“incoming r:”+r+” from “+ evl.from+” actR:"+actR);

07 if(r<=l | | Math.abs(r-actR)<0.0001){

08 nr.add(evl.from,$seed.getValue(),$offer.getValue(),r);

09 @reply(evl,ev2.result(0,$seed.getValue(),$offer.getValue(),r));

10  self.guiMessage(“The proposal came from “+ev1.from+” was accepted”);
1 )

12 else if(r>u) {

13 @reply(evl,ev2.result(l,$seed.getValue(), $offer.getValue(),r));

14  self.guiMessage(“The proposal came from “+evl.from+” was refused”);
15} else if(actR>0) r=(r+actR)/2.0;

16  else if(r<=(1+u)/2) r=(r+(1+u)/2)/2;

17 self.guiMessage(“Sended r: “+r+ “ to “+evl.from );

18 nr.add(evl.from,$seed.getValue(),$offer.getValue(),r);

19 @reply(evl,ev2.result(2,$seed.getValue(), $offer.getValue(),r));

20 )

Listing 3. The generated and delta code for ProposalEval plan of Customer agent.

In this Listing, the templates of communicating messages in Lines 1, 9, 13, and 18-20 are generated
and the other lines are added by the developer as delta code. In ProposalEval plan, there is a lower
limit and an upper limit for the ratio between offered and needed products of each agent desiring
a deal. In Lines 7 and 11, if the incoming bid is below the lower limit or there is an epsilon (0.0001)
difference with the previous incoming bid, then the proposal is accepted by the agent. On the other
hand, if the offer is above the upper limit, the agent will refuse the offer, as shown in Lines 12-14. If the
incoming bid remains between the lower and upper limits, the Customer agent sends a new proposal
to the agent which the initial proposal came from (Lines 15 to 20).

3.2.2.2. Delta Code for SWS Part of the E-barter System

In this case, study, each service has an ontology to help matchmaking. As there are 2 semantic
web services developed for the E-barter system, we have two ontologies called electronic devices and
food. These ontologies are used to demonstrate affinity relations in directing appropriate customer
agents to appropriate services for barter processing. In the process of matching between the customer
needs with services, each semantic web service uses its own ontology.

In the generation procedure, a structure is generated from the system model for each ontology.
These structures are extended to develop the complete ontologies for the services. Part of the ontology
developed for the food service is depicted in Figure 7. In this ontology, there are 4 product categories
under the basic food node. These are the fruit, diary, vegetable and meat categories. These categories
are divided into subcategories within themselves to obtain a tree structure in which the closeness
relation can be established semantically.
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The services used in E-barter system also need to have semantic web service documents to
provide semantic web service functionality. For this purpose, the draft documents produced through
SEA_ML have been used. Listing 4 shows the draft Profile.owl document produced by SEA_ML for
the food service. The document generated by SEA_ML basically provides a draft of the resources
imported with the owl: ontology tag in the rdf:RDF tag (Listing 4—Lines 16-25).

1 <?xml version="1.8"?2>

Wk

<rdf:RDF xmlns:rdf= "&rdf;#"

4 “mlns:rdfs= "&rdfs;#"

5 smlns:owl = "&owl;#"

6 xmlns:actor= "&actor;#"

7 smlns:service= "&service;#"

8 xmlns:process= "&tradeFlyer;#"

9 xmlns:profile= "&tradeFlyer;#"

18 xmlns:profileHierarchy= "&profileHierarchy;#"

11 xmlns:xsd= "8xsd;#"

12 xmlns= "&DEFAULT;#"

13 #xml:base= “&DEFAULT;">

14

15 <owl:Ontology rdf:about="">

16 <owl:imports rdf:resource="&service;" />

17 <owl:imports rdf:resource="&process;" />

18 <owl:imports rdf:resource="&profile;" />

19 <owl:imports rdf:resource="&foodService_process;" />

28 <owl:imports rdf:resource="&foodService_profile;" />

21

22 <owl:imports rdf:resource= "&time; />

23 <owl:imports rdf:resource= "&profileHierarchy; />

24 </owl:0ntology>

25 </rdf:RDF>

26

27 <l-- -->
28 - # Instance Definitions of the Serivce goes here # -->
29 el-- --3>
38

Listing 4. Generated Profile for the food service.

This draft document was modified by the system developer in accordance with the ontology and
hence the complete Profile.owl document (see Listing 5) was obtained. In this document, the profile
tag, which is the label we used to determine the semantic proximity, was added to the draft to obtain
the document in Listing 5 (Lines 18-39). Within the profile:Profile tag, the methods provided by that
service are addressed which are based on the top-level concepts of the food ontology.

For the semantic proximity detection in the E-barter system, the methods that provide the main
categories (the top-level concepts in the food ontology) are mapped to the profile documents. Thus,
the Matchmaker agent can determine the appropriate method for the Customer agent through the
profile document to find the appropriate service. Within this case study, only the Profile.owl document
was used for SWS operations. The Matchmaker agent can propose the appropriate service to the
Customer agent with the help of the profile:hasOutput tag in this document. The profile document
contains categories at the method level, and these services correspond to the top-level concepts on
the ontology. If the product category searched by the Matchmaker cannot be found in the profile, the
service’s ontology is traversed to find out if there is an upper category containing this product and the
search in the profile document is repeated.
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<2xml version="1.8" encoding="UTF-8"2?>
¢<rdf:RDF

1

2

3 xml:base="http://localhost:B8688/FoodService/FoodiebService/FoodlebService Profile.owl#”
4 x¥mlns:owl="http://jamsci.servehttp.com/owlsedit/owl. rdf#"
5

6

7

8

smlns:process="http://staff.um.edu.mt/cabe2/supervising/undergraduate/owlseditFYP/owlsll/Process. owl#"”
xmlns:profile="http://staff.um.edu.mt/cabe?/supervising/undergraduate/owl seditFYP/owls11/Profile. owli"
xmlns:rdf="http://wwu.w3.org/1998/082/22-rdf-syntax-ns#"
xmlns:rdfs="http://jamsci.servehttp.com/owlsedit/rdf-schema.rdf#"

9 xmlns:service="http://staff.um.edu.mt/cabe/supervising/undergraduate/owl seditFYP/owls11/Service. owl#">

1@ cowl:Ontology rdf:about="">»

11 <owl:versionInfosVersion 1.8</owl:versionInfo>

12 <rdfs:comment>Add Ontology Comment</rdfs:comment>

13 <owl:imports rdf:resource="http://wm.w3.0rg/1999/82/22-rdf-syntax-ns"/>

14 <owl:imports rdf:resource="http://jamsci.servehttp.com/owlsedit/owl.rdf"/>

15 <owl:imports rdf:resource="http://jamsci.servehttp.com/owlsedit/rdf-schema.rdf"/>

16 <owl:imports rdf:resource="http://staff.um.edu.mt/cabed/supervising/undergraduate/owlseditFYP/owls11/Profile.owl"/>

17 <owl:imports rdf:resource="http://staff.um.edu.mt/cabe2/supervising/undergraduate/owlseditFYP/owls11/Service.owl"/>
18 ¢</owl:Ontology>

19 ¢profile:Profile rdf:ID="FoodWebService Profile"»

28 ¢service:presentedBy rdf:resource="FoodliebService_Service"/»

21 <profile:serviceName>FoodwebService</profile: serviceName>

22 ¢profile:textDescription/>»

23 <profile:hasInput rdf:resource="/FoodwWebService/FoodwebService ProcessModel#FoodiebService register_agent IN"/>
24 ¢profile:hasInput rdf:resource="/FoodwWebService/FoodWebService_ProcessModel#FoodWebService_register_need IN"/>
25 <profile:hasInput rdf:resource="/FoodwWebService/FoodwWebService ProcessModel#FoodiebService register offer IN"/>
26 ¢profile:hasOutput rdf:resource="/FoodWebService/FoodiebService ProcessModel#FoodWebService_register_return OUT"/>
27 <profile:hasInput rdf:resource="/FoodwWebService/FoodWebService ProcessModel#FoodiiebService delete _agent IN"/>

8 ¢profile:hasInput rdf:resource="/FoodwWebService/FoodWebService_ProcessModel#FoodWebService_delete_need IN"/»

29 ¢profilethasInput rdf:resource="/FoodwWebService/FoodwWebService ProcessModel#FoodiiebService delete offer IN"/>

38 ¢profile:hasOutput rdf:resource="/FoodWebService/FoodiebService ProcessModel#FoodWebService_delete return_OUT"/>
i1 ¢profilethasInput rdf:resource="/FoodwWebService/FoodWebService ProcessModel#FoodiebService meat _need IN"/>

32 ¢profile:hasOutput rdf:resource="/FoodWebService/FoodiebService ProcessModel#FoodWebService _meat_return_OUT"/>»
33 <profilethasInput rdf:resource="/FoodwWebService/FoodwebService ProcessModel#fFoodiebService dairy need IN"/>

34 <profile:hasOutput rdf:resource="/FoodWebService/FoodiebService ProcessModel#foodWebService_dairy_return_OUT"/>
35 <profilethasInput rdf:resource="/FoodwWebService/FoodwWebService ProcessModel#FoodiebService fruit_need IN"/>

36 <profile:hasOutput rdf:resource="/FoodWebService/FoodiebService ProcessModel#foodWebService _fruit_return_OUT"/>
37 <profilethasInput rdf:resource="/FoodwWebService/FoodwebService ProcessModel#FoodiebService vegetable need IN"/>
38 <profile:hasOutput rdf:resource="/FoodWebService/FoodiebService_ProcessModel#foodWebService_vegetable_return_OUT"/>
39 cprofile:qualityRating/>

48 ¢/profile:Profile»
41 ¢/rdf:RDF>»

Listing 5. Completed Profile for the food service.

The Matchmaker returns the WSDL addresses of the appropriate services to the Customer agent
after determining the appropriate services. When the Customer agent sends a request to a service
which is just found, its repository is used which is an XML file containing the names, requests, and
offers of agents eligible for bartering. The service searches for those agents which can match with the
Customer agent on this XML file. If some agents are found, the service will return the names of these
agents to the Customer agent.

4. Demonstration Scenario

For a detailed demonstration of the implemented system, this section illustrates a system execution
consisting of three Customer agents and two semantic web services.

When the system is started to run on the client side, the initial interface is shown. On this interface,
the user can add a service agent that represents a semantic web service or a Customer agent which
represents himself/herself to propose a bargaining.

First, service agents, that represent semantic web services, should be added to the system.
When the “Add Service Agent” in the initial user interface is selected, the interface for adding a
service agent appears (see Figure 8) to get the information necessary for registering the semantic
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web service. Then an agent is run to represent the relevant semantic web service and sends a message
to Matchmaker agent to register the semantic web service.

E
|
O
x

Service Name  |Faod Senvice |

wsdl ‘hﬂp Macalhost8080/FoodService/FoodWebServicePWSDL |

owlsPath ‘\De sktop\E-Barter\FoodSenvice\SWS Files\OWL-s\FoodWebService_Profile nwl|

ontologyPath ‘U sers\EGESER-2\Desktop\E-BarteriFoodSenicelSWS Files\Ontol ogv\Food.owl|

Add Update

egister request send to matchmaker

Figure 8. The user interface for adding a service agent to the system.

In our demonstration scenario, there are two semantic web services called “Food Service” and
“Electronic Device”. For each one, a separate service agent must be established.

After the services are registered in the system, Customer agents can be included in the system.
For this purpose, “Adding Customer Agent” interface (an example shown in Figure 9) needs to be
launched from the initial user interface. Using this interface, the agent is created after the information
for the Customer agent is entered. To instantiate a Customer agent, the product which is needed and
offered as well as the lower and upper limits must be prescribed by the user for the bartering. In this
scenario, three agents named CUSTOMER A, CUSTOMER B, and CUSTOMER C, are included to the
system with the details (such as Name, Need, Offer, Lower and Upper limits) provided in Table 1.
Figure 9 shows, as an example, the instantiation of “CUSTOMER C” agent in the system.

[ES] - O >

Name CUSTOMER C

Need coconut
Offer
Lower limit (0.0045

Upper limit  |0.0048

Hiil

Add

CUSTOMER C

Matches can be found.

‘Suitable agents

ICUSTOMER A@%portal

ICUSTOMER B@%portal

Mo agreement was reached with CUSTOMER A@%portal (A)
Incoming bid 0.0044720496894409935 from CUSTOMER B@%portal
An agreement was reached with CUSTOMER B@%portal at 0.0044720496884409835 (B) ||

< 1 |

Figure 9. Instantiation of “CUSTOMER C” agent.
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Table 1. Details of the Customer Agents in the E-barter System.

Name Need Offer Lower Limit Upper Limit
CUSTOMER A netbook Coconut 150 200
CUSTOMER B netbook Coconut 200 250
CUSTOMER C coconut Netbook 0.0045 0.0048

CUSTOMER A agent would like to barter with some other agents who offer netbooks. Meanwhile,
this agent offers coconuts for netbooks. To achieve this, CUSTOMER A creates a barter request.
This barter request is sent to the Matchmaker agent which uses each service’s own ontology to send the
customer a list of the most appropriate semantic web services. In this way, the agent gets semantically
close services that accommodate the agents providing the needed product. However, till this point
of the scenario, no agent has been introduced to the system before, so if CUSTOMER A agent finds
appropriate services, these services will not return any agents that CUSTOMER A can barter. Therefore,
CUSTOMER A will be registered to an appropriate service and wait for the new agents to be added to
the system.

In this scenario, after CUSTOMER A, CUSTOMER B and CUSTOMER C agents are involved in
the system. The requirements of the CUSTOMER B are the same as the CUSTOMER A, except
for the lower and upper limits that the CUSTOMER A determines for bartering. In this case,
CUSTOMER B would register to a suitable service because it will not find a suitable agent for bartering.
The CUSTOMER C agent offers “netbook” and requests “coconut”, unlike CUSTOMER A and
CUSTOMER B. Therefore, a semantic web service, which is found by the Matchmaker agent, sends
suitable agents for bartering to CUSTOMER C. In this case, CUSTOMER A and CUSTOMER B are the
suitable agents for CUSTOMER C.

At this point, the negotiation between agents starts. First, CUSTOMER C sends a proposal
to CUSTOMER A. However, as seen in Line (A) of Figure 9, the CUSTOMER A rejects this offer
because the offer sent by the CUSTOMER C is higher than the upper limit of the CUSTOMER A. Then,
CUSTOMER C sends the same proposal to the CUSTOMER B. Since the proposal is in the acceptable
range of CUSTOMER B, the negotiation between them begins and eventually, an agreement was
reached by these two agents as shown in Line (B) of Figure 9.

5. Related Work

The work conducted in this study is mainly related with two research fields: MAS development
methodologies and e-barter systems. Hence, in the following, we first discuss the efforts given on
deriving MAS development methodologies as similar to our proposal and then give some noteworthy
studies on developing e-barter systems which especially consider employing agents.

There are various AOSE methodologies which can be used for the development of MAS.
Methodologies such as ADELFE [41], Gaia [42], INGENIAS [43], PASSI [44], Prometheus [45]
and Tropos [46] provide systematic processes including analysis and design of agent systems.
It is also possible to integrate the outcomes of these methodologies with various agent execution
platforms/frameworks such as JADE [18], JACK [20], Jason [47], CArtAgO [48], MOISE [49] and
JaCaMo [50] to implement designed agents. However, neither of these methodologies nor platforms
directly support model-driven MAS development. In fact, re-engineered and improved versions of
some of these methodologies (e.g., [51] for ADELFE, [52] for INGENIAS, [53] for Prometheus, [54] for
Tropos) enable MAS development according to MDD paradigm as indicated in [55]. Although MAS
modeling from different viewpoints and code generation for various agent platforms are also
covered in these updated methodologies, model-driven development of semantic web services and
interactions between agents and these semantic web services are not included. Moreover, an iterative
process supporting modeling and implementation are not considered and it is too difficult to modify
intermediate models and update auto-generated codes by using most of these methodologies. The only
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exception is INGENIAS, which deems supporting the iterative development and modification of
models and codes as similar to the MDD methodology proposed in this study.

In addition to abovementioned AOSE methodologies, the researchers have significant efforts
on using model-driven approaches for agent development and the derivation of DSMLs for MAS.
For instance, Agent-DSL [56] is used to specify the agency properties that an agent needs to accomplish
its tasks. However, the proposed language is presented only with its metamodel and provided just
a visual modeling of the agent systems according to agent features, such as knowledge, interaction,
adaptation, autonomy and collaboration. The A&A metamodel introduced in [8] considers the notion
of artifacts for agents. In the A&A metamodel, agents are modeled as proactive entities for the
systems’ goals and tasks while the artifacts represent the reactive entities providing the services and
the functions and, hence, constitute the environment for MAS. The FAML metamodel, introduced
in [9], is a synthesis of various existing metamodels for agent systems. Design time and runtime
concepts for MASs are given and validation of these concepts is provided by their use at various MAS
development methodologies.

Hahn [11] introduces a DSML for MAS called DSML4MAS. The abstract syntax of the DSML is
derived from a platform independent metamodel structured into several aspects, each focusing on a
specific viewpoint of a MAS. To provide a concrete syntax, the appropriate graphical notations for the
concepts and relations are defined. Furthermore, DSML4MAS supports the deployment of modeled
MASs both in JACK and JADE agent platforms by providing an operational semantics over model
transformations [57]. DSML4MAS also guides MDD of different agent applications. For instance,
Ayala et al. [58] use DSML4MAS for the development of agent-based ambient intelligence systems.
The metamodel of DSML4MAS is employed as a source metamodel to support the modeling of context
aware systems and conforming models are transformed into target models which are instances of
an aspect-oriented agent metamodel called Malaca. Code generation enables the implementation of
Malaca models to run in the ambient intelligence devices.

Another model driven MAS development approach is provided in [12] with introducing a
new DSML. The abstract syntax of the DSML is presented using the Meta-object Facility (MOF),
the concrete syntax and its tool is provided with Eclipse Graphical Modeling Framework (GMF),
and finally the code generation for the JACK agent platform is realized with model transformations
using Eclipse JET. The language supports modeling of agents according to Prometheus
methodology [45]. A similar study is performed in [59] which proposes a technique for the definition
of agent-oriented engineering process models and can be used to define processes for creating both
hardware and software agents. This study also offers a related MDD tool based on INGENIAS
methodology [52].

The work conducted in [13] aims at creating a UML-based agent modeling language, called
MAS-ML, which can model the well-known types of agent internal architectures, namely simple reflex
agent, model-based agent, reflex agent, goal-based agent and utility-based agent. Representation
and exemplification of all supported agent architectures in the concrete syntax of the introduced
language are given. MAS-ML is also accompanied with a graphical tool which enables agent modeling.
However, the current version of MAS-ML does not support any code generation for MAS frameworks
which prevents the execution of the modeled agent systems.

Wautelet and Kolp [60] investigate how a model-driven framework can be constructed to develop
agent-oriented software by proposing strategic, tactical and operational views. Within this context,
they introduced a Strategic Services Model in which strategic agent services can be modeled and
then transformed into the dependencies modeled according to the well-known i* early phase system
modeling language [61] for a problem domain. In addition, generated i* dependencies can be converted
to BDI agents to be executable on appropriate agent platforms such as JACK. However, implementation
of the required transformations and code generation are not included in the study.

Bergenti et al. [15] propose a language, called JADEL, for the MDD of agents on JADE platform.
Instead of covering all features of JADE, JADEL only provides high-level agent-oriented abstractions,
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namely agents, behaviors, communication ontologies, and interaction protocols. JADEL is supported
with a compiler which enables source code generation for implementing agents on JADE platform.
However, the related code generation feature of JADEL is not currently functional enough to fully
implement JADE agents as also indicated in [15].

The new MAS development methodology, introduced in this paper, differentiates from many of
the above MAS development approaches with presenting a complete development process including
analysis, design and implementation phases according to MDD principles. In most of these studies
(e.g., [8,9,13,15,56]) only the derivation of metamodels and/or DSMLs is considered without a guide
for how those metamodels/DSMLs can be utilized within a structural development process. Only the
remaining works in [11,12,59] and can be said to describe some sort of MDD processes along with the
proposed DSMLs. Benefiting from the features of SEA_ML, the development process, discussed in
this paper, enables both modeling and automatic generation of semantic constructs required for the
discovery and execution of semantic web services by the agents. Such a development opportunity for
agent-semantic web services interactions is not considered in those MDD processes.

On the other hand, there are some studies in literature addressing the development of E-barter
systems with different approaches. Generally, these studies aim at formalizing the domain and
increasing its effectiveness.

For example, Lopez et al., performed two consecutive studies to create a formal framework for
E-barter systems [62,63]. In their first study [62], they propose a formal framework in which customers
are grouped in local markets according to their location, so that a global market takes a tree-like shape.
While all these processes are identified, algebraic notation and some microeconomic theory concepts
have been used. In addition, a utility function has been defined to indicate the valuation of customers
in the exchange of goods. The use of algebra and micro-economy help to eliminate ambiguity and get
the scheme of the system. The second study [63] focuses on transactions and shipping costs which are
not considered in the first study. The early framework has been extended to include these concepts.

Another study to formalize E-barter systems is the study of Nunez et al. [64]. This study presents
a classical algebra-based language to identify and analyze E-barter systems. This framework also
suggests a hierarchical market structure. Product exchanges are made using the agents representing
the customers. It is shown that the barter balance of the goods provides a Pareto optimum.

These studies focus on the formal representation of E-barter systems while our study mostly
focuses on the efficient development of these systems. The market structure in our system is adopted
from [64]. However, any other structure and formalism can be integrated into our study.

Cavalli and Maag [65] have developed an approach and its supporting tool that generates test
scenarios suitable for the E-Barter system. These scenarios are intended to test the compatibility of
the system with the intended functions. System specs were implemented using the Specification and
Description Language (SDL) [66]. With this method, design mistakes are prevented in the early stages
of development. However, test case generation is not the aim of our study.

In the study by Bravetti et al. [23], an E-barter system have been designed using multi-agent
architecture with web services. In this design, BPEL4WS [67] web services are used. The focus of this
study is filling the gap between formal representation and design of the system. This study is based on
the formal representations provided in [62,63]. However, in [23], the authors focus on the problems in
the use of these formal representations in design time. Bravetti et al. also designed the E-barter system
using WS-BPEL [67] web services [68]. The studies of [23,68] uses web services as the base element for
the development of the E-barter system, however, our study benefits from semantic web services and
provides semantically matching capability for bartering.

Ragone et al. [69] focused on E-barter systems with a new knowledge-based approach in
their study. The goal is to ensure that multiple barter situations are performed with optimal matching.
In this study, a logical language was introduced that provides more complex specifications of
agents’ requests. It is also intended to simulate the semantic similarity between proposals that
will be presented in a logic-based utility function [69]. On the other hand, in [70], a game concept was
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defined to describe the interactions in the barter system. According to this concept, there are several
agents, and these agents have vectors with parameters specifying their requests and bids. Bartering is
performed according to the matching of these vectors.

The studies presented in [69,70] focuses on improving the matching mechanism for bartering
using more specific parameters in the definition of requirements and logic-based utility functions.
However, our study tackles semantic matching in two levels: one in finding the closest semantic web
service and another in the level of items to be bartered using ontologies.

Abdalla et al. [25] have designed an agent-based application called Bartecell. In this application,
software agents can work on wireless networks and reach mutually beneficial barter agreements.
New negotiation algorithms have also been introduced for transactions between agents. An E-barter
architecture compatible with mobile devices has been introduced that provides location-based
services [25]. This study focusses on the use of agents and benefiting from wireless networks in
the negotiation of those agents for E-bartering propose. However, unlike our study, Bartecell does
not utilize semantic web services and neither considers the semantic discovery of these services nor
semantic matching of the bartering items.

Dhaouadi et al. [26] have designed and developed a MAS for supply chain automation. The system
automatically recommends suitable suppliers for handicraft women (HDWs). The recommendation
procedure is based on two supplier selection levels and then a negotiation phase. The first level is the
process of selecting vendors that sell the necessary products. On the second level, it only specifies
vendor profiles that can successfully match HDW. During the negotiation phase, the relevant actors
will conduct discussions on the required quantity, quality, cost and delivery processes. Ontologies have
also been utilized in the operation of these processes. Although this study addresses a different domain
than ours, the general approach is close when considering the two selection levels. However, they
use the ontologies only in the second level where they specify vendor profiles which match HDWs.
In our study, selection of the categories in the first level is also done with the help of semantic matching
of services. Moreover, the selection mechanism in the first level is automatized by using semantic
web services.

In [24], a MAS was developed for the E-barter systems. Unlike other studies, an architecture
has been designed and implemented that uses ontology-based comparisons in bid mapping.
This architecture introduces a type of agent named Barter Manager Agent in addition to the
E-barter agents. This agent determines the barter partners according to semantic proximity. With this
approach, it is aimed to find the best match, not just based on the price and quantity of goods
but also considering the relation between supply and demand. There are two groups of agents in
this design. The Service Management Agent group including the Barter manager agent, SWS agent,
and Cargo agent, which are responsible for managing the barter operations. The barter manager Agent
is responsible for the management of the agent barter operations and matching. The SWS agent is
responsible for the mapping based on the ontological proximity. The cargo agent plays a role in the
exchange of products in the next stage after the barter operation is completed. The User Agents group
is the group that contains the Customer agents. In this group, there are agents that request barter.
In this study, the system was implemented using the JADE language [18].

In [71], an E-barter system was designed using MAS-CommonKADS methodology [72]. The focus
of this system is in the negotiation phase. A bargaining protocol between two matched agents
was presented.

In [27], an E-barter system was designed and developed by using Prometheus methodology [44].
In this system, BDI agents are used which is not the case in the previous studies in the literature.
System development is realized using JACK intelligent agent platform [20,38]. Ontologies have been
used for the matching purpose. There are two basic agents in the system. The Matchmaker agent is
responsible for performing appropriate matching between customers. It benefits from ontologies for
these mappings. The customer agents request bartering and negotiate with each other to realize the
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barter transaction. This study proposes a new rationale for the negotiations which takes the ratio of
offer and need into consideration.

We believe that our work on the development of E-barter systems contributes to the
abovementioned efforts by first utilizing the semantic web services and capabilities of BDI agents for
E-bartering instead of reactive agents which is preferred in most of the previous work. In addition,
the remaining studies (e.g., [27]) which utilizing BDI model for E-bartering do not benefit from
internal reasoning mechanism of BDI agents which can bring extra intelligence in the procedure of
matchmaking for the E-bartering. Also, these studies do not use SWSs as the automatic selection
mechanism for the categories. Finally, while the methodologies of the other studies are generic for agent
development, our study uses SEA_ML and its tool inside a domain-specific methodology. This makes
the design and development of the MAS system easier and less-costly as the developer works with the
domain concepts and benefits from generative capability of the provided tool.

6. Discussion and Conclusions

In this paper, a development methodology is proposed for development of MASs working in
semantic web environments. This methodology is based on a DSML, called SEA_ML. The study is
demonstrated using a case study for E-barter. To this end, the BDI agents and the SWSs for the E-barter
system are analyzed, designed and developed using different viewpoints and features of SEA_ML.
Also, a demonstration scenario is provided for the implemented system.

In the traditional E-barter systems [62—-64], customers and their products” information are stored
in databases in a monolithic way. This approach has two major disadvantages. First, the system is
not scalable. By adding different product categories, the maintenance effort and cost of the system
will be increased. The second disadvantage is that a semantic approach cannot be achieved with the
traditional methods. In this study, these two disadvantages have been overcome by using SWS. The use
of SWS primarily ensures that the customer and the product information are stored categorically in the
external services. This leads to a more scalable system. In addition, these services with the semantic
structure allow a semantic logic to be implemented in the matching and gives the opportunity to the
customers to communicate only with the appropriate services. This increases the likelihood that the
barter process has successful result in a limited time.

In this study, we also experienced that the proactive behavior of the BDI agents may help the
fruitful application of E-barter systems by especially preventing bartering the goods ineffectively with
undesired exchange ratios. Implemented BDI agents in here aim at choosing the most appropriate plan
to achieve the maximum gain out of the bargaining on behalf of their users. It is possible to develop a
similar MAS for the same purpose with agent models other than BDI which probably leads to provide
desired efficiency in bargaining. However, in addition to the achieved fruitfulness, we also found
modeling and implementation of the MAS for e-bartering convenient by utilizing BDI constructs and
their relations.

On the other hand, using the proposed methodology, an efficient implementation of the system is
possible through an accurate design with few errors in the analysis and the design phases [21]. In our
work, semantic errors can be detected during the analysis and design phase using a SEA_ML-based
methodology and the implementation process is completed in a shorter time with fewer problems.
Achieved results validated the generation and the development-time performance of SEA_ML
discussed in [21]. For the E-barter case study discussed in this paper, application of the SEA_ML-based
MAS development methodology enabled the generation of approximately more than half of the whole
agents and artifacts.

Despite the abovementioned advantages, the proposed approach in this work can be improved in
several ways. Our future work consists of the followings: The semantic web services in the system
are currently added to the system in a static way to facilitate the development These services can
be expected to be added to the system automatically by communicating with the E-barter system.
Moreover, the negotiation logic between the customers is presented at a basic level. Successful barter
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transactions may require a more complex negotiation rationale [73]. In addition, the business logic
in the agent plans are mostly developed as the delta codes and hence our aim is to leverage the
comprehensiveness of the models. In this way;, it is possible to reduce the delta code and gain more
generation performance using the proposed methodology. We also plan to empower the current
methodology by using the formal methods discussed in [74,75] for SEA_ML to validate the models
and check some domain properties in the design level for the MAS.

As another future study, our aim is to provide the execution of SEA_ML agents on Jason
platform [47]. Similar to operational semantics of SEA_ML currently provided for JACK, MAS
models prepared in SEA_ML can be transformed into Jason model instances and code generation can
also be possible for this platform. Recently, we derived a metamodel [76] for Jason agents and we
plan to use this metamodel as another PSMM and prepare a series of M2M transformations between
SEA_ML metamodel and this metamodel which will lead to generation of Jason agents inside the MAS
development methodology proposed in this paper.
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Appendix Descriptions of Selected SEA_ML Concepts

Table Al. SEA_ML concepts, their notations and descriptions.

Icon. Concept Description

Semantic web agent in the SEA_ML stands for each agent
which is a member of semantic web-enabled MAS. It is an

-~
&4 Semantic Web Agent (SWA)  autonomous entity which can interact with both the other
agents and the semantic web services, within the
environment.
. . It is a SWA extension. This meta-element represents
- Semantic service . , e s
3 matchmaker agents which store the SWS’ capabilities list
) matchmaker agent in a MAS and compare it with the service capabilities
b} (SSMatchmakerAgent) P P

required by the other agents, in order to match them.

/ Beliefs represent the informational state of the agent, in
! Belief other words its knowledge about the world (including

~J itself and other agents).
A goal is a desire that has been adopted for active pursuit
(© Goal
by the agent.
Role An agent plays different roles to realize different behaviors
in various situations, such as organizations, or domains.
Taking BDI agents into consideration, there is an entity
ﬁ Capability called Capability which includes each agent’s Goals, Plans

and Beliefs about the surroundings.

The statement about the agent’s environment which can be

o act true. Agents can decide based on these facts.
— Plan Plans are sequences of actions that an agent can perform to
é achieve one or more of its intentions.
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Table A1. Cont.

Icon.

Concept

Description

Semantic service register
plan (SS_RegisterPlan)

The Semantic Service Register Plan (SS_RegisterPlan) is the
plan used to register a new SWS by SSMatchmakerAgent.

-
-

Semantic service finder plan
(SS_FinderPlan)

Semantic Service Finder Plan (SS_FinderPlan) is a Plan in
which automatic discovery of the candidate semantic web
services take place with the help of the
SSMatchmakerAgent.

4

Semantic service agreement
plan (SS_AgreementPlan)

Semantic Service Agreement Plan (SS_AgreementPlan) is a
concept that deals with negotiations on quality of service
(QoS) metrics (e.g., service execution cost, duration and
position) and contract negotiation.

Semantic service executor
plan (SS_ExecutorPlan)

After service discovery and negotiation, the agent applies
the Semantic Service Executor Plan (SS_ExecutorPlan) to
invoke appropriate semantic web services.

An action to transmit a message from an agent to another.

H H -

Send This can be based on some standard such as
FIPA_Contract_Net
Receive An action to collect a message from an agent. This can be
based on some standard such as FIPA_Contract_Net
= Task Tasks are groups of actions which are constructing a plan
L in an agent.
é Action An action is an atomic instruction which constitutes a task.
A package of information to be send from an agent to
Message another; possibly to deliver some information or
8 instructions. Two special types of actions, namely Send
and Receive, are used to handle these messages.
This concept refers to certain conditions in which agents
are present at certain times. An agent can only have one
Agent state . o . .
state (Agent State) at a time, e.g., waiting state in which the
agent is passive and waiting for another agent or resource.
0 It refers to the system resources that the MAS is interacting
Resource .
with. For example, the database.
ll'--\-‘l . .
e J Service Any computer-based service presented to the users.
Web Service Type of service which is presented via web.

Semantic Web Service

Semantically defined web services which can be
interpreted by machines.

Process

It describes how the SWS is used by defining a process
model. Instances of the SWS use the process via
described_by to refer to the service’s ServiceModel.

Interface

This document describes what the service provides for
prospective clients. This is used to advertise the service,
and to capture this perspective, each instance of the class
Service presents a Service Interface.

Grounding

In this document, it is described how an agent interact
with the SWS. A grounding provides the needed details
about transport protocols. Instances of the class Service
have a supports property referring to a Service Grounding.

Input

Defines the inputs for processes and interfaces of a SWS.
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Table A1. Cont.

Concept Description

Output Defines the output for processes and interfaces of a SWS.

Defines the pre-conditions for processes and interfaces of a

© e 0k

Precondition SWS.
Effect Defines the post-conditions or effects for processes and
interfaces of a SWS.

* . - Refers to an organized group of semantic web agents
mantic web organization
Py Se: c web org o (SWASs).
For communication and collaboration of agents, they can
Interaction use series of messages via a message sequence which

results to an agent interaction.

The agent’s surroundings including digitized resources,

Environment .
fact, and services.

A specialized type of architectural role which is used to

Registration Role register SWSs in the multi agent systems.

In re-active agents, a behavior is a re-action of an agent

Behavior . .
towards an external or internal stimulus.

The agents in a multi-agent system can have different
Agent type types taking various responsivities and representing
various stakeholders.

P w0 g
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