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Abstract Online virtual trade fairs are becoming a popular way of establishing
economic trade relationships nowadays. In the current context of the world economy,
new ways of creating virtual environments where suppliers can show their products
to potential customers are increasingly in demand. Some people can be found in this
kind of scenario representing a role such as, for example, the administrator, the
customers or the suppliers. The interaction between them is one of the most impor-
tant characteristics of these commercial environments. Taking all these concepts into
account, this article presents a 3D virtual trade fair that has been defined using an
agent-oriented approach. This approach makes it possible to model, understand and
implement the virtual economic environment, where interaction is the norm. More-
over, it makes it easy to add new components and meet new requirements in order to
develop an open architecture that continuously changes and evolves. In this virtual
trade fair, the chosen methodology has been Gaia, widely used for agent-oriented
analysis and design of multi-agent systems.
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1 Introduction

In the 21st century, it is very important to find new ways of establishing commercial
relationships by minimizing economical resources. Nowadays, the Internet is opening new
virtual markets that make it easy to develop virtual business environments. They are cheaper
than real trade fairs and easier to plan. Many people are trying to make money in virtual
worlds, because of the current difficulties of doing so in the real world [24]. In these virtual
worlds, exhibiting companies can show their products to potential customers around the world
without having to visit them personally [5]. International participants can “attend” with little or
no expense. This helps companies save and earn money, and is thus the main reason they have
become so popular.

Technological companies that develop virtual-meetings software, such as Unisfair
[23], ON24 [15] and Second Life [19] say that they are seeing a big increase in
demand. In this context, the number of virtual trade fairs available on the web is
increasing every day [13] [3] [12] [28] [18]. However, software architectures that
contain many dynamically interacting components and complex coordination protocols
are typically difficult to specify and implement [25]. Most of them have been defined
using an object-oriented methodology. Nevertheless, this type of methodologies con-
sider tangible things, roles organizations, events and even interactions as candidate
objects, whereas these need to be clearly distinguished and treated differently in a
typical interaction system [20][27]. This has in turn led to the search for new
computational abstractions, models and tools that allows software engineers to easily
conceptualize and implement interacting systems. Software agents and multi-agents
systems can perform this task successfully [20].

The main reason for performing an agent-oriented approach of the virtual environment is
that the concept of an agent as an autonomous system, capable of interacting with others
agents, is a natural concept for software designers [26] [10]. Some virtual environments have
been defined used this approach [25]. Vosinakis and Panayiotopoulos present in [25] a tool for
the construction of virtual worlds with autonomous entities targeted for a specific group of
applications, such as simple simulation systems, educational applications or multimedia
presentations.

The first thing that has to be performed in the design of a virtual environment is to
identify the agents. An agent is an abstraction of a component in the system that has
some properties. The first one is the autonomy, i.e., the agent can make decisions
about what to do based on a determined state. He has also reactivity, i.e., he is
situated in an environment and is able to perceive it and to respond to changes that
occur in it. Moreover, an agent has pro-activeness, i.e., he does not simply act in
response to the environment; he is able to take the initiative. Finally, he has social
ability, i.e., agents can interact with other agents in order to achieve his goals.

Regarding the virtual trade fair, many people are involved in this 3D business
environment [16]. The main role is the one represented by the exhibiting companies.
They have a stand in a pavilion and show their products to the visitors. Other types
of users are the customers or visiting companies. They can walk around the trade fair
and visit the different pavilions where the suppliers provide some information about
the products they sell. This makes it possible to find and compare the products, so the
visitors are able to select the most appropriate products from among those of various
exhibiting companies. Finally, as in real life, every trade fair has an administrator.
Here the administrator is in charge of organizing the virtual world and assigning
permissions to the other users: exhibitor and visitor users.
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In order to perform an agent-oriented approach of this business-to-business environment, its
analysis and design has been performed using Gaia [27] [29] [4]. Others methodologies have
been studied [9] but the Gaia concept is considered as a standard in the analysis of the multi-
agent systems. Gaia is an agent-oriented methodology, which uses a role-based organizational
metaphor. It is founded on the concept of a multi-agent system as a computational organization
consisting of various interacting roles. When applying Gaia, the analyst increasingly moves
from abstract to concrete concepts: analysis and design can be thought of as a process of
developing increasingly detailed models of the system to be constructed.

A virtual trade fair has been developed based on this approach [11]. Regarding the
implementation process, the 3D environment has been created using one of the latest technol-
ogies in video games: Adobe Director (Fig. 1). This software, together with a free plug-in,
makes it possible to create and publish interactive games for the web on Mac and Windows
desktops. It also enables the designer to virtually integrate any major file format, including
FLV and native 3D content.

The rest of this article is organized as follows. The planning of the agent-oriented analysis
and design of the virtual fair is detailed in Section 2. Starting from the beginning, the virtual
environment of the trade fair is analyzed in Section 3. Then, the specification of the agent-
oriented system is considered in Section 4. Once this initial process has been detailed, the
design of the virtual trade fair is explained in Section 5 and its implementation is overviewed
in Section 6. Section 7 discusses an use case performed with the developed approach and
finally, conclusions and future work are presented in Section 8.

2 Agent-oriented approach of the virtual fair

In order to provide an agent-oriented approach, the architecture of this virtual world is
classified in two parts: the set of agents that play a role in the virtual trade fair and the
physical environment that the agents can interact with. Following this classification, the
system’s definition has been divided in two main parts (Fig. 2).

In the first step, the model of the environment is specified. Gaia does not give information
about the most appropriate methodology to perform this specification. Then, Object-Z lan-
guage [21] [7] has been chosen for this purpose. In order to specify the social environment,
some classes have been defined with their consistency constraints. Moreover, some computa-
tional objects have also been created in order to be used by the agents as global information
resources.

Secondly, once the social environment has been defined, an analysis and design of the
Multi Agent-System (MAS) in this virtual environment is provided. This step has been
performed by following the Gaia methodology [27] [29] [4].

Fig. 1 An aerial view of the outside scenario in the virtual trade fair
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Regarding the analysis of the MAS in the virtual trade fair, some tasks have been
developed:

– The roles in the system have been identified. This process outputs a list of roles in the
virtual world, providing an informal description of each of them.

– The associated protocols have to be identified and documented for every identified role.
Moreover, the different interaction patterns between the roles that appear in the system
also have to be documented. This task outputs an interaction model.

– The third task performs the detailed role model. This includes the key roles, detailing their
permissions and responsibilities, together with the protocols and activities in which they
participate.

Once the analysis of the system has been performed, the design of the MAS has to be faced.
The tasks that have been carried out for this purpose are explained below.

– Firstly, the agent model has been developed. It determines the number of agents or avatars
that are in the virtual world representing each one of the roles.

– Secondly, the service model has been defined according to the activities, protocols, and
the active and safe properties. This model specifies the services developed by every one of
the agents in the virtual world.

– Finally, the model of collaborators (acquaintance model) has been built from the interac-
tion and agent models. It determines the communication links that exist between the
different agent types.

Once the environment model and the MAS has been analyzed and designed, the imple-
mentation of the virtual trade fair can be carried out. The next sections explain these processes
in detail.

3 Environment specification

In order to start the modeling of the virtual trade fair (Fig. 3), a specification of the
physical environment in this virtual world is required. This process is performed using
the Object-Z specification language [21] [7]. This language allows us to determine the
main classes of objects found in these kinds of virtual scenarios. Finally, the social
objects that appear in this virtual world are defined in order to provide some
information of the environment of the agents.

Define the agent mode
Define the service model
Define the acquaintance 
model

Identify the key roles
Identify the interactions between 
the key roles
Define the detailed role model

Define some key 
classes 
Create the objects that 
define the environment

Multi-Agent System (MAS)

MAS Analysis

MAS Design

Social environment

3D Virtual Fair

Fig. 2 A scheme of the steps to develop to perform an agent-oriented approach of the virtual fair
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3.1 Predefined types

In the object class definitions, some predefined types are used. Some of them are the usual
types used in a language programming. Nevertheless, some special types have been defined
according to the requirements of the virtual trade fair design. These new predefined types are:

– MULTIMEDIA type: it defines the multimedia information that can be uploaded by every
exhibiting company in its stand.

– COM_INFO type: this type deals with the basic information of the exhibiting companies.
– VIEW type: it defines the views or images of the world that can be assigned to every user.
– POSITION type: this defines the 3D position in the virtual world. For example, it can be

used to position a company agent in the virtual trade fair.

3.2 Object classes

Some object classes have been defined in the virtual environment. They are detailed in this
section. In every definition, some processes have been expanded, such as Init, Insert, etc.
However, others processes and functions are not included for reasons of brevity.

The main object class is the VIRTUAL_TRADE_FAIR (Fig. 4). It defines the whole virtual
world. Two parameters are required in order to build an object of this class. The first one
establishes the maximum number of pavilions that are in it (n1). Pavilions are the main
buildings in a virtual trade fair. They are buildings where the exhibiting companies set up
their stands. The other required parameter (n2) establishes the maximum number of thematic
routes that a user can visit. The elements included in the virtual fair are defined in this object
class, such as the pavilions, the routes (an established path from a stand to another of different
companies that market products of the same topic), the visitors, users that want to visit the
virtual world and the data that every company can show to the potential customers, datac.
Three processes have been detailed in this case: INIT, InsertDATACOM and InsertPAVILION.

Another basic object class in this virtual world is the PAVILION class (Fig. 5). Only one
parameter is required to create an object of this class: the maximum number of stands that are
going to be allocated in this building. Some properties have been defined in this class: the
identifier, idPavilion, the name, a flag that indicates if this pavilion is active or not and, finally,
the objects of the class STAND (stands) In this class, two processes have been detailed: INIT
and InsertSTAND.

The exhibiting companies that are interested in selling their products have a stand in the
pavilion. This key object is defined in the class STAND (Fig. 6). Some multimedia material
can be uploaded in this objects, so that the companies can show their catalogs or promoting
videos to the visiting people in the virtual fair. Then, in order to create an object of this class,

Fig. 3 A view of the outside scenario where some pavilions can be observed
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the number of maximum multimedia materials is required (n). Every stand is identified by an
identifier, idStand, and the name, name. The company that owns it is identified by idExhibitor.
The other attributes are related with the multimedia material: image and mms.

The object class ROUTE (Fig. 7) allows the visitor to move around the virtual trade fair
following a thematic route from one stand to another. Different companies that market similar

Fig. 4 The object class VIRTUAL_TRADE_FAIR

Fig. 5 The object class PAVILION
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products can be visited following this precompiled path. If the visiting company chooses this
way to tour the trade fair, he/she will be able to skip directly from one stand to the next in the
route. This class requires the maximum number of stands (n) that are stored in the path in order
to build an object. The properties that define these objects are the identifiers (idRoute), the
name, if they are active and the final sequence of company identifiers, tracking.

Finally, other classes have been defined but they are not explained in this section for
reasons of brevity. This is the case of VISITOR, MEDIA and DATA_COMPANY classes. The
VISITOR class represents the data that a user has to provide in order to be allowed to visit the
virtual fair. The MEDIA class represents the multimedia material that an exhibiting company
can show in its stand to potential customers. All of the basic information that a company has to
provide to register itself in this virtual world are defined in the DATA_COMPANY class.

3.3 Social objects

Once the object classes have been defined, some social objects are created in order to make the
general information of the virtual world accessible to the agents. The most important ones are
listed below, organized by their types.

Fig. 6 The object class STAND

Fig. 7 The object class ROUTE
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– VIRTUAL_TRADE_FAIR type: the object VirtualFair represents the virtual trade fair. It
describes its content and functionality. It also defines all the low-level information for the
management of the virtual world, such as the name of the pavilions, the stands and the
routes. It also gives the agents access to the basic and multimedia information of the
exhibiting companies.

– COM_INFO type: some objects have been created in order to allow the different agents to
exchange some commercial information, such as the object companyInfo.

– MULTIMEDIA type: this type of objects allows the users to exchange and transmit
multimedia elements, such as the object MMelements.

– BOOLEAN type: other relevant objects have been created for dealing with the
authorization or negotiation processes. These objects check some of the permis-
sions of the user and, if they are evaluated as TRUE, some actions are allowed
for this user. For instance, registrationOK allows the user to be registered in the
virtual world, publishOK to publish some multimedia material, standOK to have a
stand in a determined pavilion, tourOK to follow a path or route,
commuteWorldOK to change the scenario the user is in and also allows the user
to pass to another scenario through a door access and moveOK to walk around
the virtual world freely.

– VIEW type: the created objects of this type contain the views that the user can have in the
world, according to the authorization previously obtained by the fair administrator. For
example, view stores the current view, tourView keeps the view of the tour, commuteView
stores the view that the user will have once he/she has passed through one virtual door to
another scenario and, finally, moveView contains the view of the user when he/she moves
freely around.

– POSITION type: this type contains the coordinates and orientation of a particular object.
In this case, two objects have been defined: companyPos, that defines the current position
and positionAfterCrossing, that establishes the position after passing through a door to
another virtual scenario.

4 Analysis of the multi-agent oriented system

Gaia is an agent-oriented methodology, which uses a role-based organizational metaphor. The
virtual trade fair is defined as a computational organization consisting of various interacting
roles. Then, in order to perform an appropriate analysis of the virtual world, the key roles
played by the users in the system are identified and the interaction between them is also
detected. Finally, the key roles are formally defined.

4.1 Key roles in the system

In the virtual world, four key roles have been identified:

– Company (CO) which describes the individual companies that participate in the virtual
trade fair. These companies can be exhibitors, with a stand in a pavilion, or simply visitors
of the virtual world, acting as potential customers.

– Fair Administrator (FA) is the administrator of the virtual world. This role is the one that
makes the relevant decisions and allows the users to perform some actions.

– WorldCreator (WCr) is responsible for managing the visual content of the world, from the
user’s perspective.
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– GateTrigger (GT) represents some doors or gates that allow the user to change the virtual
scenario he/she is in.

4.2 Interaction model

Some interactions have been detailed in this interaction model. They document the commu-
nication between the key roles documented in the previous sub-section. The parameters that
require or return these processes have been previously detailed in the section 3.3.

The first process to be performed by the companies that want to visit the virtual
trade fair is to ask for registration from the fair administrator, RegistrationRequest.
Based on this, the first interaction detected occurs between the Company (CO) and
the FairAdministrator (FA) roles. In this process, the company provides the
companyInfo. This interaction produces other process, called RegistrationResponse
that provides the answer of the FA role. The information involved in this process is
companyPos, the position of the company in the virtual world, and registrationOK,
that provides information about the result of the process. This interaction is illustrat-
ed in Fig. 8(a).

If a company is interested in uploading some multimedia material in its stand, this user has
to ask for permission from the fair administrator. This interaction has been called
MMPublishRequest and it is illustrated in Fig. 8(b). The CO gives the FA the companyInfo
and the MMelements. FA creates a companyRecord, uploads all of the multimedia material in
the stand and gives an answer to the CO, publishOK.

Another interaction is detected when a company is interested in visiting the virtual trade
fair, TourRequest, documented in Fig. 9(a). This interaction involves three roles, the Company
(CO), the FairAdministrator (FA) and the WorldCreator (WCr) roles. The company CO asks
the FA for permission. The FA checks the data of the company, and gives an answer,
TourResponse. If everything is OK, the role WCr creates the appropriate scenarios for the
user (PersonalizedWorldRequest) and, finally, informs the CO that can start the free tour
(PersonalizedWorldResponse).

If the company is interested in a free tour, its user should be able to change of
scenery. For instance, this user can be in the outdoor environment and be interested in
visiting a determined pavilion. This process, called CrossDoorRequest and graphically
described in Fig. 9(b), involves again three roles: the Company (CO), the GateTrigger
(GT) and the WorldCreator (WCr) roles. The Company asks to the GT for changing
the scenario he/she is in. The GateTrigger asks for the creation of a new scenario to

RegistrationRequest

CO FA companyInfo

Registration request 
of the company

RegistrationResponse

FA CO

Registration Response companyPos 
for the company registrationOK

MMPublishRequest companyInfo

CO FA MMelements

Request Publication of
Multimedia Material companyRecord

MMPublishResponse

FA CO companyRecord

Response Publication of
Multimedia Material publishOK

(a) (b)

Fig. 8 a Asking for registration and b asking for uploading multimedia material
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the WorldCreator (CommuteWorldRequest). This one creates the new scenario and
informs about it to the company user (CommuteWorldRerponse).

If a company is interested in exhibiting its products, it has to ask for a stand in a pavilion
(StandRequest). Then an interaction is also produced between two roles: the Company (CO)
and the FairAdministrator (FA). CO asks the FA role for a stand. As a response
(StandResponse), FA gives the company permission (standOK) and the position of the stand
in the world (companyPos). This is illustrated in Fig. 10(a).

If the company that visits the virtual fair is following a route, this user can skip from one
stand to another (MoveToRequest). In each stand, the visitor can access the multimedia
material uploaded in the stand. In this process, the involved roles are the Company (CO)
and the WorldCreator (WC). The interaction is graphically detailed in Fig. 10(b).

TourRequest

C O F A companyInfo

Asking for visiting 
the virtual trade fair

TourResponse

F A C O

Response about the
requirement of visiting tourOK

PersonalizedWorldRequest

F A W C r

Request of a personalized tourOK
world-view for the visitor companyInfo

PersonalizedWorldResponse

W C r C O

Inform about the init
of the free tour in the world tourView

(a)

CrossDoorRequest 

C O GT

Asking for changing
the virtual world scenario companyInfo

CommuteWorldRequest

GT W C r

Asking for a new scenario
after passing companyInfo 

through the gate positionAfterCrossing

CommuteWorldResponse

W C r C O commuteWorldOK 

Inform about the new
scenario commuteView

(b)

Fig. 9 a Asking for a tour visit and b asking for another scenario

StandRequest

C O F A companyInfo

Stand request and 
configuration request

StandResponse

F A C O

Response about the companyPos 
assigned stand standOK

(a)

MoveToRequest

C O W Cr

Ask for a view of the world companyInfo 
from a position companyPos

MoveToResponse

W Cr C O

List the multimedia material moveOK
of a exhibiting company moveView

(b)

Fig. 10 a Asking for a stand and b asking for a movement
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4.3 The role model

Once the key roles and their interactions have been identified, the Gaia methodology requires a
formal definition of each role. In this step, four attributes have to be defined for every role:
protocols, that define the way that this role can interact with others activities, actions that do
not need another role in order to be carried out, permissions, the “rights” associated with the
role, and responsibilities.

This last attribute determines its functionality and it is divided into two types: liveness
properties and safety properties. Liveness properties describe those states of affairs that an
agent must bring about, given certain environmental conditions. In contrast, safety properties
are invariants that are kept while executing.

Figure 11 details the Company role definition. In this schema, the different actions that a
company can represent are detailed. After the registration process, a company can be an Exhibitor
ormake a Tour. If he/she chooses to configure the stand, he/she has to develop the steps detailed in
the Exhibitor liveness properties. Nevertheless, if he/she is interested in moving around the virtual
trade fair, he/she has to develop the actions detailed in the Tour liveness properties.

The role FairAdministrator is documented in the Fig. 12. This role is in charge of managing
the virtual trade fair. Then, this role has to detail the processes developed in order to perform
some actions, called in the role schema MakeRegistration, NegociateTour, AssignStand,
PublishMultimedia, SetChat.

Figure 13 detail the role of the WorldCreator. This role manages the final render of the
virtual world, depending on the position of every user. It performs all the actions in order to
change the view from one to another point of view in the scene.

The GateTrigger role (Fig. 14) manages the request for changing the scenario a user is in. If
the demand is accepted, is the role in charge of asking for a change of scenario to the
WorldCreator role.

5 Design of the agent-oriented approach

The design of a system following Gaia is oriented to transform the analysis models into a
sufficiently low level of abstraction so that traditional design techniques (including object-
oriented techniques) may be applied in order to implement agents [26].

The Gaia design includes three models: the agent model, which defines the classes and
instances of agents to be used in the system, the services model describing the main services
required to perform the role of agent, and the acquaintance model, that describes the lines of
communication between the different agents in the system.

5.1 Agent model

In the agent model, a class of roles contains a small number of agents or, in most cases, a single
agent. The instances of these classes of roles are documented using an annotation system
shown in Table 1 (reproduced from [27]).

Finally, the agent model designed for the Virtual Trade Fair is shown in Fig. 15. One agent
can represent the role of the FairAdministrator in the virtual fair. The same restriction is done
for the WorldCreator role: only one agent can be created that represents this role. Regarding
the Company role, none or more than one agent can be present in this virtual world and the
same happens with the GateTrigger role: there can be none or more than one virtual door to
other scenarios.
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5.2 The services model

Once the number of agents representing each identified role has been established, the
following step is to identify the services associated with them, and to specify the main
properties of these services [27]. The services that an agent will perform are derived from
the list of protocols, activities, responsibilities and the liveness properties of the role. For each
service that may be performed by an agent, it is necessary to document its properties. Specially,
we must identify the inputs, outputs, pre-conditions, and post-conditions of each service.

Due to reasons of brevity, in this paper only is detailed the service model designed for the
FairAdministratorAgent (Table 2).

ROLE SCHEMA Company

DESCRIPTION
Organization that requires at least one of the two following behaviors
within the fair: to be a visitor or to be an exhibitor with an assigned
stand.

PROTOCOLS & ACTIVITIES
RegistrationRequest, AwaitRegistrationResponse, StandRequest,
AwaitStandResponse, ChatRequest, RespondToCallers,
TourRequest,AwaitTourResponse, AwaitPersonalizedWorldResponse,
SetMovement, MoveToRequest, ShowView, ListStandsRequest,
SelectStand, CrossThresholdRequest. AwaitCommuteWorldResponse. 
AwaitListStandsResponse, AwaitCommuteWorldResponse. 
ProduceMultimedia, MMPublishRequest. AwaitMMPublishResponse

PERMISSIONS
reads tourOK, listStands, commuteWorldOK,

moveOK tourView, commuteView, moveView
generates companyInfo, MMelements, view 
changes companyPos

RESPONSIBILITIES

Liveness
Company = RegistrationRequest. AwaitRegistrationResponse. 

(Exhibitor Tour)

Exhibitor= [ StandRequest. AwaitStandResponse ] . 
(MultimediaUpdate ChatRequest RespondToCallers)

Tour= TourRequest. AwaitTourResponse.
AwaitPersonalizedWorldResponse. Move

Move =(SetMovement . MoveToRequest. ShowView

ListStandsRequest. AwaitListStandsResponse. 
(SelectStand. MoveToRequest, ShowView)+

CrossThresholdRequest. AwaitCommuteWorldResponse. 
ShowView)

MultimediaUpdate = ProduceMultimedia. MMPublishRequest.

AwaitMMPublishResponse
Safety (tourOK commuteWorldOK) (tourOK moveOK)

(commuteWorldOK moveOK)

tourOK tourView nil view = tourView

commuteWorldOK commuteView nil

view = commuteView
moveOK moveView nil view = moveView

Fig. 11 Company role definition
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The Registration service is related to the MakeRegistration property. It requires as input
from the companyInfo data. If there is no problem, this services returns the position of the
stand in the pavilion, companyPos, and a flag indicating if the registration process has been
successful, registrationOK .

The GuidedTour service, related to the GuidedTour property, requires the
companyInfo as input and a list of stands, listStands, as outputs. In order to follow
a guided tour in the virtual world, the company has to be previously registered. After
the service has been performed, if an agent requires a tour (tourOK= true), the list of
stands will not be empty (listStands≠Ø)

The rest of services, related to the NegotiateTour, AssignStand, PublishMultimedia and
SetChat properties, are not explained in the text because of its simplicity.

5.3 The acquaintance model

This last model defines the communication links that exist between the different agent types.
Figure 16 shows the ones defined in this virtual world. The FairAdministrator and
GateTrigger agents can establish communication with the WorldCreator and the Company

ROLE SCHEMA FairAdministrator

DESCRIPTION
Manages both the general information of the organizations 
and their custom items for the virtual world

PROTOCOLS & ACTIVITIES
AwaitRegistrationRequest, SetRegistration, RegistrationResponse,
AwaitTourRequest, CheckTour, TourResponse, PersonalizedWorldRequest, 
AwaitListStandRequest, CreateListStands, ListStandsResponse, 
AwaitStandRequest, SetStand, StandResponse, AwaitMMPublishRequest, 
CheckMM, MMPublishResponse, AwaitChatRequest, CreateChatSession

PERMISSIONS
reads companyInfo, MMelements
generates virtualFair, registrationOK,

publishOK, tourOK, standOK,
companyPos

RESPONSIBILITIES
Liveness

FairAdministrator = (MakeRegistration NegotiateTour
AssignStand PublishMultimedia SetChat *)

MakeRegistration= AwaitRegistrationRequest. SetRegistration.
RegistrationResponse

NegotiateTour= AwaitTourRequest. CheckTour. TourResponse.
PersonalizedWorldRequest. [GuidedTour]

GuidedTour = AwaitListStandsRequest.CreateListStands.
ListStandsResponse

AssignStand= AwaitStandRequest. SetStand. StandResponse
PublishMultimedia= AwaitMMPublishRequest. CheckMM.

MMPublishResponse
SetChat = AwaitChatRequest.CreateChatSession

Safety
companyRegistration(companyInfo)

publishOK = false tourOK = false standOK = false

Fig. 12 FairAdministrator role definition
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ROLE SCHEMA WorldCreator

DESCRIPTION
Receives requests from all individuals in the system
in order to create the virtual world view according user perspective

PROTOCOLS & ACTIVITIES
AwaitPersonalizedWorldRequest, CreateView, 
PersonalizedWorldResponse, AwaitCommuteWorldRequest, 
CommuteWorldResponse, AwaitMoveToRequest, MoveToResponse

PERMISSIONS

reads virtualFair, companyInfo, companyPosition,

companyOrientation, positionAfterCrossing,

orientationAfterCrossing tourOk, commuteWorldOK

generates tourView, commuteView, moveView, moveOK

RESPONSIBILITIES
Liveness

WorldCreator = (AwaitPersonalizedWorldRequest. CreateView.

PersonalizedWorldResponse AwaitCommuteWorldRequest.

CreateView. CommuteWorldResponse

Await MoveToRequest. CreateView. MoveToResponse)
Safety

tourOK = false tourView = nil

commuteWorldOK = false commuteView = nil

worldAvailable(companyPos) moveOK = false

moveView = nil

Fig. 13 WorldCreator role definition

ROLE SCHEMA GateTrigger

DESCRIPTION
Receives requests from the companies in order to cross an access gate
and get into another virtual area of the fair

PROTOCOLS & ACTIVITIES
AwaitCrossThresholdRequest . CheckCrossing. CommuteWorldRequest

PERMISSIONS
reads companyInfo 
generates commuteWorldOK, positionAfterCrossing 

orientationAfterCrossing

RESPONSIBILITIES
Liveness

GateTrigger = (AwaitCrossThresholdRequest. CheckCrossing.
CommuteWorldRequest)

Safety
infoAvailable(companyInfo) commuteWorldOK = false

Fig. 14 GateTrigger role definition
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agents. However, the WorldCreator and the Company agents can communicate with all the
agents in the virtual world, regardless of the role they play.

6 Implementation details

Several technologies have been employed in the implementation of the virtual fair. Firstly, 3D
Studio Max has been used to model all the objects. The objects have been modeled taking into
account tight requirements of real-time applications that make it possible real-time perfor-
mance. Google SketchUp has also been employed because of its simplicity. In order to obtain
interactivity, only one object of each type has been built and instanced as many times as it has
been needed.

Textures are dynamically downloaded from the data server. The website address for these
textures can be obtained from the XML document, previously generated. They are assigned to
the instanced objects in order to perform the final configuration. This download is performed
by streaming, so this process is transparent to the user. The appearance of the virtual fair can be
changed just by changing the textures. Thus, it is very easy to vary the decoration of the
scenarios.

The most important factors are the polygon count and the size and amount of the used
textures. All the avatars have been modeled with 2.380 polygons to allow a high number of
characters to be visible on the screen. These characters use a texture size of 512×512 pixels,
which is enough to offer a good quality appearance at a medium-close distance. The total
amount of polygons for the outdoor scenario of the fair with 6 pavilions is 21.720 polygons.
The number of polygons used in representing a pavilion with 36 visible stands, is 9.692. The
total amount of Kbytes for the fair is 1.608 KB and 2.581 KB for each character with
animations.

Once the objects have been modeled, the virtual world has been implemented using a
computer game engine [22] [14] [8]. In this virtual fair, the 3D game engine provided by
Adobe Director 11.5 has been used. This software offers the programmer many features as

Table 1 Instance qualifiers

Qualifier Meaning

n there will be exactly n instances

m..n there will be between m and n instances

∗ there will be 0 or more instances

+ there will be 1 or more instances

WorldCreatorAgent

WorldCreator

1

FairAdministratorAgent

FairAdministrator

1

CompanyAgent

Company

*

GateTriggerAgent

GateTrigger

*

Fig. 15 Agent Model of the virtual trade fair
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well as a powerful scripting language called LINGO, which enables interaction with external
files and certain Windows APIs. This makes it possible for the virtual world to communicate
with the web.

Some data from the exhibiting companies are accessible from the stand by clicking on some
interactive buttons created on the main wall (Fig. 17). The stand’s interaction has been
implemented using LINGO language. In order to retrieve the information from the appropriate
website address, PHP and MySQL have been employed to implement a query to the data base.
The streamed pictures of the companies have been converted into a video and a slide show
using Flash Action Script 2.0.

7 Case of study

This section presents a detailed use-case that illustrates the behavior of our agent-based
solution. Our testing scenario consists of a virtual fair composed of 6 pavilions with 36 stands
inside each one.

This use-case was run on an Intel Core i7 2.8 GHz CPU, 6 GB RAM running on Windows
7. The graphics hardware used was NVIDIA GeForce 480GTX. The fair has been developed
as a web application with Adobe Director so that it can run on the major web browsers.

Table 2 Service model for the FairAdministratorAgent according to the liveness properties defined in Fig. 12

Service Inputs Pre-condition Post-condition

Outputs

Registration service companyInfo true true

companyPos
registrationOK

Tour service companyInfo
tourOK

registrationOK=true true

GuidedTour service companyInfo
listStands

registrationOK=true tourOK=true ⇒
listStands ≠Ø

AssignStand service companyInfo registrationOK=true true

companyPos
standOK

PublishMultimedia service companyInfo
MMelements

registrationOK=true ∧
standOK=true

true

publishOK
companyRecord

ChatSession service companyInfo true true

WorldCreatorAgent

FairAdministratorAgent

CompanyAgent

GateTriggerAgent

Fig. 16 Acquaintance model
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Although we tested the application on Mozilla Firefox, Google Chrome and Internet Explorer,
our tests show that the performance obtained was almost identical. The tests were run on a
3 GB/s bandwidth LAN network.

For our use-case, we simulate a usual situation that occurs in a trade fair. A user that represents
a company accesses the virtual world and, after logging into the system, its avatar appears in its
stand. After a few seconds, this user freely moves around the pavilion visiting different stands. In
a particular stand, the user accesses the available multimedia material of the exhibiting company
and spends 60 s consulting this material. Next, he/she walks towards the pavilion door to get to
the outdoor scenario. Once in the main corridor, the user moves around for 3 s and then he/she
asks for a guided tour in order to visit the stands of the companies that sell a product that he/she is
interested in. When this user is allowed to perform the selected tour, the avatar automatically
changes position and appears in the stand of the selected company, the first one in the tour.

The agents involved in these situations and the processes that are performed are detailed below.

1. The simulation begins when the CompanyAgent CoA1 logs into the system and appears in
the stand that was previously assigned to him/her in the registration process. This action is
attended by the FairAdministratorAgent FaA, that checks if the company is allowed to
access this virtual environment, and by the WorldCreatorAgent WcA that creates the
appropriate view of the world.

2. Once CoA1 is in the pavilion, this company’s agent moves around and freely visits the
different stands in this virtual building. The agent spends 15 s in this free visit.

3. Then, CoA1 consults the multimedia material of the exhibiting company agent CoA2 for
60 s (Fig. 17). This multimedia material is showed by theMediaAgent MeA, not explained
in this article for reasons of brevity. It overlaps the current view of the virtual world that is
obtained by the WorldCreatorAgent WcA.

4. Next, CoA1 walks towards the pavilion door for 3 s to go out of the pavilion and get into
the outdoor scenario. In this action, a GateTriggerAgent (GtA) is implicated. This is the
agent in charge of asking the WorldCreatorAgent WcA for a new view of the virtual trade
fair it the user demand is accepted.

5. Once in the outdoor scenario, the user moves around for 5 s. Again, the CoA1 agent and
the WorldCreatorAgent WcA are involved in this action.

6. Finally, CoA1 asks for a guided tour by sending a request to the FaA, while a view of the
outdoor environment is being rendered by the WorldCreatorAgent WcA.

7. Following this route, CoA1 visits the stand of the exhibiting company CoA3, the first one
in the list stand route. Then, CoA1 is directly moved to the requested stand. Again, the
WorldCreatorAgent WcA is in charge of obtaining the current view of the world.

Table 3 summarizes all of the processes involved in this simulation. It analyzes every
situation, providing information about the duration of every action, the agents involved, the

Fig. 17 An image of a stand where the multimedia interactive buttons can be appreciated
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processes that these agents execute in order to perform it and the average time of these
processes.

As shown in the table, every situation is simulated by performing more than one process.
Nevertheless, some of them are continuously being executed, such as the CreateView process,
while others only are performed on demand, such as CrossDoorRequest or
GuidedTourRequest. In the table, the average duration of every process has been informed.

In our test, the virtual trade fair is rendered in real time. It averages to 30 frames per second
(fps) during the simulation. The execution of the processes that the different agents perform
does not reduce the frame rate. This is because most of these processes are executed in
background while the virtual scenario is visualized.

Thus, we can conclude that the interactive frame rate is not reduced although the system has
to attend to the different requests of the agents. The execution of these processes does not slow
the real time visualization of the system.

8 Conclusions and future work

In this article, we have described a virtual trade fair following an agent-based methodology for
the analysis and design of interacting systems. The virtual world has been implemented using
some graphics accelerations techniques that allow the virtual scenarios to be rendered in real
time. In 3D environments, particularly in adaptive virtual ones, the agent is a very important
element, since it also stores the behavior of the user; his/her style of navigation; forms of
interaction with the environment; and the evolution of the user’s learning within the system.
Thus, agents are able to carry out the decision-making process for generating virtual worlds
and eventual adaptations using the information contained in the agent-based model [1] [17].

Table 3 Processes developed by the agents involved in the detailed actions

Action Duration of
this action

Agents
involved

Processes Average Time
(seconds)

1 CoA1 accesses to the virtual world 5 s CoA1 RegistrationRequest 0.2

FaA RegistrationResponse 0.15

WcA CreateView 0.02

2 CoA1 freely moves around the pavilion 15 s CoA1 MovetoRequest 0.18

WcA CreateView 0.02

3 CoA1 checks the multimedia material
in the CoA2 stand

60 s MeA MMResponse 0.02

WcA CreateView 0.02

4 CoA1 gets out the pavilion toward the
outdoor scenario.

10 s CoA1 CrossDoorRequest 0.03

GtA ConmuteWorldRequest 0.25

WcA CreateView 0.02

5 CoA1 freely moves around the outdoor
scenario.

5 s CoA1 MovetoRequest 0.18

WcA CreateView 0.02

6 CoA1 asks for a guided tour 4 s CoA1 GuidedTourRequest 0.18

FaA ListStandsResponse 0.03

WcA CreateView 0.02

7 CoA1 moves to a stand in the stand
list route.

5 s CoA1 MoveToRequest 0.18

WcA CreateView 0.02
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In this paper, these concepts have been analyzed and applied to an interactive business-to-
business environment [2] [6]. This virtual trade fair has been specified and designed and every
interaction between the identified agents and with the environment has been detailed. Gaia has
been the chosen methodology in the design of this application [27]. Moreover, this economic
virtual world has also been implemented, following the presented analysis. This agent-oriented
approach has made it easy for developers to create a virtual trade fair, because it has mainly
been based on the interaction of the identified agents in this virtual environment.

Our current research work is focused on proposingmore specific guidelines and conceptual tools
to support engineers with some others implementations of the presented analysis. Moreover, we are
trying to develop a study related with how the changes in the design are reflected in the implemen-
tation and what different problems may arise at this level and that we have still not identified.

Acknowledgments This work was supported by the Spanish Ministry of Science and Technology (Project
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