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ABSTRACT 
In this paper we propose a methodology for the construction 
of 3D electronic institutions. 3D electronic institutions are 
nonnative environments where software and human agents 
can participate and collaborate in a joint 3D Virtual World. 
The proposed methodology covers the specification of the 
institutional rules, as well as the design and visualization of 
3D environments for the specified institution. It is also sup
plied with a set of graphical tools that facilitate the devel
opment process on every level, from specification to deploy
ment. The resulting system facilitates the direct integration 
of human users into lvlulti-Agent Systems as they participate 
by driving an avatar in the generated 3D environment. 

Categories and Subject Descriptors 
I.2 [ARTIFICIAL INTELLIGENCE ]: Distributed Ar
tificial Intelligence-Multia.gent systems 

General Terms 
Design, Human Fact.ors 

Keywords 
l\Iulti Agent Systems, Electronic Institutions, 3D Virtual 
Worlds 

1. INTRODUCTION 
Nowadays there is a growing demand for applications which 

successfully integrate humans and computer programs. Such 
applications are a kind of open systems [5] and Multi Agent 
Systems (MAS) [6] view is perfectly suitable for them. How
ever, the incorporation of humans into MAS has not been 
carefully studied. In general, the role of humans is limited to 
acting behind the scenes customizing agents' templates and 
letting the agents participate in the system on users' behalf. 
Although direct humans participation in MAS is highly de
sirable it is hard to implement using existing methodologies. 
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In order to address this shortcoming of MAS, we present 
in this paper a methodology for the construction of 3D Elec
tronic Institutions, a concept that appeared from the com
bination of Electronic Institutions [4] and Virtual Worlds 
technologies. On the one hand, Electronic Institutions is a 
well-established MAS methodology that focuses on design
ing normative environments which establish what partici
pating agents are permitted and forbidden to do. Unlike 
other formal methodologies, it is supplied with a set of tools 
that facilitate the whole development process from the spec
ification of the institutional rules, to the deployment and ex
ecution of the institution. Although, Electronic Institutions 
do not prohibit human participation, no support is given to 
the development of interfaces or environments that facilitate 
their participation in the system. 

On the other hand, Virtual \V"orlds are immersive envi
ronments that address the satisfaction of users. social needs 
and are complemented with a realistic experience. They are 
graphical environments, which imitate real world simulat
ing to a certain extent the way humans act and con~municate 
in real life and offer an environment to "meet" people. Such 
interfaces go beyond the form- based approaches dominating 
the ·world \~1ide \Veb, graphically represent the user in terms 
of an avatar1

, literally putting users "in" the \Vorld \\Tide 
\Veb rather than "on" it. Although, social interactions is a 
main feature of Virtual \V"orlds, the mechanisms to control 
or structure such interaction are rather poor. Due to this 
fact the technology is used on a very limited set of domains. 
As the number of inhabitants of Virtual \Vorlds increases 
there is a growing demand for mechanism to structure and 
regulate participant interactions. 

Neither Electronic Institutions alone nor Virtual \Vorlds 
alone permit the construction of complex applications com
posed by humans and computer programs. Hence, we ad
vocate that these kind of systems can be constructed as 3D 
Electronic Institutions which combines the benefits of MAS 
and Virtual \Vorlds technologies. In the rest of the paper we 
present the steps of the 3D Electronic Institutions method
ology and the deployment architecture. 

2. METHODOLOGY 
Applying 3D Electronic Institutions methodology requires 

5 steps as shown in figure 1. This figure also presents the 
correct sequence in which the steps should be taken. Next, 
we detail on each of the steps. 

1 An electronic representation of one's self in a form of a 
graphical character. 
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Figure 1: Methodology steps. 

Specification.The specification step focuses on the def
inition of the institutional rules and it is the same as in 
the Electronic Institutions methodology [1]. It establishes 
the regulations that govern the behavior of participants. 
An institutions is specified by a dialogical framework, a 
performat.ive structure and a set of norms. The dialogical 
framew01·k establishes a common ontology and communi
cation language, and the roles that participants can play. 
For each different. activity, interactions among participants 
are articulated through group meetings, called scenes, which 
follow well-defined interaction protocols. The protocol of 
each scene, specified by a graph, determines the possible di
alogues agents can have. l'viore complex activities are spec
ified by establishing relationships among scenes, in the so
called per-formative str-ucture. The transit of participants 
between scenes is regulated by special (simple) scenes called 
transitions, which allow expressing synchronization, paral
lelization and choice points. The resulting network of scenes 
establish how agents can legally move among the differ
ent scenes depending on their role. Finally, norms capture 
the consequences of agent actions in the different scenes. 
These consequences are specified as obligations (commit
ments) that agents acquire while acting in the institution 
and have to fulfill later on. This process is supported by 
ISLANDER tool [1] which permit.s to specify most of the 
components graphically. 

Verification. One of the advantages of the formal na
ture of the 3D Electronic Institutions methodology is that 
the specification produced on the previous step can be auto
matically verified for correctness by ISLANDER. The tool 
verifies the correctness of interaction protocols, the role flow 
among the different scenes and the correctness of norms. 
This verification starts with the validation of the correctness 
of the protocol defined by each scene. This includes check
ing that. the graph is connected, that each state is reachable 

from the initial state and there is a path from each state 
to a final state, and the messages of the arcs are conect 
with respect to the Dialogical Framework. The Performa
tive Structme establishes how the participants can legally 
move among different scenes. As we don't want them to get 
blocked in any scene or transition it is verified that from 
each scene and transition the users always have a path to 
follow, and that from any of them exists a path to the final 
scene that will allow them to leave the institution. Finally, 
ISLANDER checks that norms are correctly specified and 
that the participants can fulfill their commitments. As com
mitments are expressed as actions that users have to carry 
out in the future, it is verified that those actions can be 
performed. 

If errors are found on the verification, the developers should 
go back to the previous step to correct them. If the speci
fication contains no errors, there are two options. If the 3D 
Visualization of the environment is already created (reuse of 
the existing design) then the developers may skip the next 
step and continue with the annotation step. Otherwise, the 
generation step should be executed. 

Generation. On the generation step the 3D Virtual 
World and its floor plan are created in a fully automatic 
way [2]. The institutional specification does not only define 
the rules of the interactions, but also helps to understand 
which visualization facilities are required for participants to 
operate in the institution. Some elements of the specifi
cation have conceptual similarities with building blocks in 
3D Virtual Worlds, which makes it possible to create an 
automatic mapping between those. The scenes and transi
tions, for example, are transformed into 3D rooms, connec
tions correspond to doors, and the number of participants 
allowed in a scene determines the size of a room. The gen
eration can function in two different modes: Euclidean and 
non-Euclidean. In the first case the rooms on the generated 
floor plan are positioned so, that each two rooms where cor
responding scenes and transition are connected in the per
formative structure graph by an arc are physically placed 
next to each other and there is a door between them. In 
the non-Euclidean case the rooms may be located anywhere 
and are not necessarily involved in any sort of spatial rela
tionship. The movement between connected rooms in the 
non-Euclidean Virtual vVorlcl is clone using teleportat.ion2

. 

Annotation. On the annotation step we create a link 
between the concepts in the specification and the concepts 
of 3D Virtual Worlds and enrich this mapping with addi
tional elements. The Annotation Editor tool is used to help 
the developer to do the annotation. It comes as a plug
in to ISLANDER and offers an additional view for scenes 
and transitions. This view displays the 3D representation 
of each scene and transition, where the incoming and out
going arcs are visualized as doors. The doors can be moved 
along the walls but not eliminated. Each of the rooms is 
originally empty and in order to make the resulting 3D Vir
tual World more appealing, the Annotation Editor provides 
a set of standard objects and textures that can be used to 
enrich the design of the rooms. After this step the user can 
return to step 1, if for any reason he/she wants to modify 
the specification, or continue with step 5. 

Integration. On the integration step the execution state 

2 the process of moving objects from one place to another 
instantaneously, without passing through the intervening 
space 
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Figure 2: Runtime Architecture. 

related components are specified. Agents participate in an 
Electronic Institution by exchanging messages with the in
stitutional infrastructure. Hence, in order to connect the 
institution with Virtual \;l,iorlcls, it is necessary to define 
a mapping between these messages and actions in Virtual 
vVorlcls. Actions are implemented as a set of scripts that 
moclifv the 3D Virtual vVorlcl. Those scripts are executed as 
a resu"lt of receiving a corresponding message from the insti
tutional infrastructure or as a result of an event generated 
directly by participants within a Virtual World. The scripts 
for the generic actions as entering scene, leaving scene, en
tering transition, leaving transition etc. are generated auto
matically. Next, the scripts that correspond to the specific 
messages that are clefinecl in the ontology on the specifica
tion step must be created. If there is a need to map the data 
types in the ontology to 3D objects in the Virtual \Vorlcl it 
should also be clone on this step. At the end, the corre
spondences between the messages and scripts (actions) are 
created by filling in the Actionjlvlessage table. 

After accomplishing all these steps the 3D Electronic In
stitution is reacly to be executed. 

3. DEPLOYMENT 
For the deployment of the Virtual \\'oriels created follow

ing the 3D Electronic Institution methodology we use a 3-
layered infrastructure (see Figure 2). 

First layers is the Electronic Institution Layer. It uses 
the AMELI system [1] to regulate the interactions of par
ticipants by enforcing the institutional rules established on 
the specification step. AMELI keeps the execution state of 
the institution and uses it along with the specification to 
guarantee that participants' actions do not violate any of 
the institutional constraints. Agents in Electronic Institu
tions participate by exchanging text messages following a 
protocol preclefinecl by AMELI. 

Second layer is the Communication Layer. Its t.ask is to 
causally connect the institutional infrastructure with the vi
sualization system. At this aim it uses the Action-Message 
table created in the integration step. On the one hand, 
when an action from the Action-Message table is executed 
in the 3D Virtual vVorlcl it sends the corresponding mes
sage to Al'dELI for verification. On the other hand, when 
it receives a message from Al\•IELI, it updates the visualiza-

t.ion by executing the corresponding action in the Action
Message table. In this way, the exchange of text messages 
with AMELI is transparent to human users, as they are gen
erated as a result of their actions in the Virtual World. 

Third layer is the Visualization Layer. It is used to vi
sualize the 3D Virtual World. Currently, we are employing 
the Second Life3 technology, which is one of the 3D Virtual 
Worlds available on the market, for this task. 

The system allows for some of the participants (software 
agents) to be directly connected to AMELI, while others 
(human) participate by driving an avatar in the Virtual 
World . 

4. CONCLUSION 
In this paper we have presentee\ the 3D Electronic Institu

tions methodology, which supports direct integration of 1m
mans into MAS-mediated environments. It is complemented 
with all the necessary technological support for the whole 
development process from specification to deployment. The 
methodology extends the Electronic Institutions methodol
ogy [1], to include specific requirements expressed by Virtual 
vVorlcls. vVe especially recommend using 3D Electronic In
stitutions for the development of applications that require 
human and agent involvement, high degree of structured 
interaction between participants and strict control over se
curitv issues. \Ve want to remark that. the methodology sup
port~ the efficient collaboration between humans and agents 
and facilitates the implicit training of the agents [3]. Physi
cal separation of the runtime infrastructure into 3 conceptu
ally different layers makes the system better portable, more 
scalable and easily changeable. 
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