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ABSTRACT

In this chapter we describe an e-Tourism envirorintieat places emphasis on a community-
driven approach to foster a lively society of tdave. It enables them to exchange travel
experiences, recommend tourism destinations orgasth some interesting gossip. Moreover,
business transactions such as booking a trip dingedssistance from professional travel agents
are a constituent part of this environment. Allsénteractions happen in an integrated, game-
like, 3D Virtual World where each tourist is impenated as an avatar. We draw a retrospective
on the specification, design and implementatiorthef e-Tourism environment and present the
status quo. We describe how we applied Electronstitutions, a framework developed and
employed in the area of Multi-Agent Systems, to tingrism domain. Furthermore, we present
our approach to connect a 3D Virtual World withdtenic Institutions. Our goal is to provide a
test bed for assessing the acceptance of virtuateemments, as a medium to overcome the non-
tangible nature of tourism products.
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1 INTRODUCTION

In the last decades Information and Communicatieschfology (ICT) has revolutionized the
global economy and almost every business incluttingsm. The rapid evolution of ICT enabled
consumers to have access to a broader range omiafion services covering the whole tourism
life cycle (Werthner & Klein, 1999).

A typical tour planning and execution cycle may dmnething like the following. Prior to
booking, the customer is browsing the Internet &arsh for information and is using
communication services such as forums or instaissaging to get the latest information directly
from local people. Prices are compared and thepastaffer is booked online. During the trip,
the tourist uses her mobile device to get the fatesvs about local events. Activities and
impressions are compiled in online diaries viant@bile device and made accessible to friends
and family. After the trip, pictures are sharedimmland experiences are discussed. The majority
of these activities take place in online tourisrmaaunities. An online community can be defined
as the combination of commercial, technical, soeiatl psychological aspects of groups of
people (Eigner, Leitner, & Nausner, 2003). Follogvthis trend many companies see the creation
of “business-sponsored-communities” as an additichannel of distribution. In this context,
companies analyze user profiles in order to propeéesonal advertisements and product-related
information to community members. The tourism sebts been particularly active in this field,
because customer loyalty not only depends on sodi@taction but also on the quality of the
information provided, e.g., prices or opening times

Furthermore, trip planning makes high demands ernirtformation search (Pottler, 2007). An
online community is only successful when it attsaahd retains a large number of members to



reach critical mass (Wang, Yu, & Fesenmaier, 2008g potential of online communities lies in
the ability to be integrated in the value chain fwoduct and service design. To tap its full
potential, the creation of online communities hasé technically, operationally, strategically
and economically planned to meet the users’ remérgs. Not only social interaction is of great
importance during the process of community buildifgit community members want to
communicate as well as using a technically sogtaitgd platform. This technological aspect has
not been emphasized enough in the tourism domaistudly that compared different online
tourism communities shows that technical innovaticere introduced sparingly in these
communities (Dippelreiter, et al., 2009). Spectaus should therefore be placed on the selection
of the technological features and functionalitieckew creating a community in the tourism
domain.

Another important aspect in tourism is the pregemtaof products. A tourism product is a
virtual product that cannot be experienced in adean it is a confidence product (Gratzer,
Werthner, & Winiwarter, 2004). For a customer iteissential to get a good impression of the
product before the trip, in order to know what xpect, so as not to be disappointed on site.

Traditionally the impression of a destination isieeyed by means of quality photos in travel
catalogs and information from the travel agentadiition, information gathering on the Internet
and in online communities has become more impormaet the last few years. However, the
presentation of the content is basically the sanextual descriptions and pictures are used to
illustrate travel destinations. An approach thaeggbeyond these “classical” media types and
provides more sophisticated visualization of taurfgroducts are 3D product presentations.

The presentation of a product in a three dimensispace makes it easier to imagine the
actual product and creates a completely new proekjperience. In a 3D Virtual World the user
Is impersonated as an avatar (a virtual, three mmeal representation of the user) and can
explore the environment in a similar manner asréa¢ world. This virtual world is composed of
a landscape where the user can walk around; aalidgky and sun resemble the natural
atmosphere; furthermore, this environment is pdpdlawith buildings that can be entered
through doors. For example, suppose a hotel has \ieealized in the 3D Virtual World. The
customer is then literally able to enter the hatgherience its ambience, can see how the room
will look like and how well the sea view can be ;ygd from the balcony in the virtual
environment. Besides these advantages in prodeseptation, 3D Virtual Worlds also address
social interaction implicitly. Just as in the reabrld, a user can see other users, is able to walk
towards them and can start talking to them. Iaidyf easy to get in touch with other people and
new relationships can emerge quickly. Thus, we idenghat a 3D Virtual World can be a good
basis to build ugn online community.

In light of these developments and new technologiesare aiming at the creation of a novel
3D e-Tourism environment, henceforth referred tdtesy Feet. With Itchy Feet we address the
aspects of social interaction by providing instratseto interact and exchange experiences with
other customers that go beyond the possibilitiesomiventional text-based chat rooms. It offers
sophisticated visualization of tourism productdegmnates travel agents and enables seamless
access to the information richness of the Interfibé principal goal is to develop an instrument
to support the complex interaction patterns of lers and consumers in an e-Tourism setting.



This principal goal subsumes three sub-goals:

i. provide a 3D e-Tourism environment for both provedand consumers, to facilitate
versatile interaction between participants inclgdirmading of tourism products;

ii. provide a 3D e-Tourism environment that acts asrancunity facilitator to create and
establish a lively and sustainable community iniralvboth providers and consumers;
and,

iii. provide a 3D e-Tourism environment that is inforim@drich to provide transparent and
unified access to disparate multimedia informatounrces.

The technological basis for this environment isrfed by a 3D Virtual World that allows
users to participate in Itchy Feet. The 3D VirtWabrld implements various community features
such as profiles or forums, in order to becomedbmerstone of a lively tourism community.
Users have access to a wide range of informatiarces that are aggregated and presented in the
3D Virtual World. In order to provide these functadities an agent-based approach is taken.
According to Wooldridge (2001), agent-based sohgishould be employed whenever the
information is spread across several sources. Jénfectly applies to the tourism domain where
information is spread over the Internet and stanedatabases on different organizational levels
(regional, national, international).

In ltchy Feet, the software agents reside in a MAdent System that is connected to a 3D
Virtual World. To this end, we rely on a framewq®eidel & Berger, 2007) that combines a
Multi-Agent System methodology, namely Electronistltutions (Esteva, Rodriguez-Aguilar,
Sierra, Garcia, & Arcos, 2001) with 3D Virtual Wdsl Our system is based on a three layered
architecture. The 3D Virtual World is placed at tbp layer, the Electronic Institution is at the
bottom layer and both these two components areexbed through the middleware layer.

An Electronic Institution is similar to a real wdrInstitution where processes and rules are
predefined and involved parties have to act acogrth these processes and rules. In Itchy Feet,
Electronic Institutions are used to define busirasxesses and rules which are enforced in the
3D Virtual World. Every user in the 3D Virtual Wdrlis the principal of an agent in the
Electronic Institution that validates the actiorigh®e user. Autonomous agents are visualized in
the 3D Virtual World as avatars. Thus, the systeabes active participation of humans in this
agent-based society. The user is no longer restritd controlling and observing the agent
system, but is able to communicate with these agast as with other human users.

The remainder of this chapter is structured aWdl Section 2 provides an overview of
related work. The technological building blocks greesented in Section 3. The general
framework connecting Electronic Institutions witD ¥irtual Worlds is presented in Section 4.
In Section 5 the general framework is applied ®tthurism domain and Itchy Feet is introduced.
The different Electronic Institutions in this enwmment, the 3D Virtual World and the
conceptual basis for data aggregation and presamtate presented. In Section 6 we discuss the
environment and present opportunities for futuseaech. The chapter is concluded in Section 7.



2 RELATED WORK

e-Tourism has created new distribution channelstdarism resulting in the establishment of
numerous online booking platforms. These services iacreasingly used by customers to
purchase tourism products. A survey comparing eriooking with booking at traditional travel
agents gives insights on the booking behavior atauers (Bogdanovych, Berger, Simoff, &
Sierra, 2006). This survey showed that people ameguonline booking services primarily to
book domestic trips, whereas international trips raore often booked with a travel agent. The
main advantages of travel agents are their expeatisl the face-to-face interaction when making
difficult decisions. In contrast, online bookingsgyms are more convenient, have lower response
times and provide answers to inquiries in an emvitent familiar to most users. Note that these
results were obtained in Australia and the bookiagavior in other countries might be different,
due to both sociological as well as geographicasoas.

Trust in e-Commerce systems is a domain of acegearch and different studies show that
the social presence of a web site influences terggyment, perceived usefulness and loyalty.
Social presence is the sense of awareness of mtlete in a communication medium. Hassanein
& Head (2007) conducted a study where they invattd) the influence of certain interface
elements on perceived social presence. Three @iffemline stores with low, medium and high
levels of social presence were created. Test sisbjesrl to complete a certain task — buying a
piece of cloth — and reported their experiences questionnaire. The evaluation shows that the
social presence of a web site can be influencedeotain user interface elements which in turn
influences the trust, enjoyment and perceived lise$s of a web site.

In another work Cyr et al. (2007) argue that onshepping experiences lack human warmth
as they are more impersonal, anonymous and dorowide face-to-face communication. They
investigate how loyalty is influenced by social ggece and if there are gender differences. Five
e-Commerce web sites with different interactivenedats were created and customers had to
browse one of the websites and buy concert tickete. results indicate that social presence
influences loyalty as well as enjoyment, howevéere¢ are differences between males and
females. For example, the direct impact of socrakence on loyalty could only be shown for
females but not for males.

Web sites in e-Tourism are rather dominated by exasive user interfaces. Especially on
booking platforms users navigate through a pletludrdrop down lists and selection boxes to
search for tourism products. To overcome thesedda#ages, new interface metaphors have
been developed. One approach employs natural lgegateraction enabling users to formulate
a query in natural language (Berger, DittenbachMé&rkl, 2004). The advantages of this
approach are the same as with online discussiami®ri.e. - users can express more complex
queries when using their natural language and geillmore appropriate results for their search.
Furthermore, they do not have to learn a speciahyglanguage and are not required to structure
their request in a way the computer understandgeldtrial showed that most of the participants
considered the natural language interface to beemomfortable than standard interfaces and
explicitly stated their preference for this kindioferface.



To get insights on the quality of information pakten forums, travel blogs, etc., Schwabe &
Prestipino (2005) compared the information quality online tourism communities with
traditional guidebooks. They found that online cammities provide more timely information,
requests can be answered more completely, andrarsguests can be accomplished better.
The structure of the information is the only ardseve guide books are more sophisticated.

Another study compared different tourism online cwmities and investigated the use of
Web 2.0 technologies (Dippelreiter, et al., 2009)is shown that online communities in e-
Tourism mostly address the pre-trip and post-ttipge of the tourism life cycle, while support
during the on-trip phase is mostly neglected. Comitras are used to collect and aggregate
information prior to the trip and to share expecesand pictures afterwards. Interestingly, Web
2.0 technologies such as interactive maps have bebn introduced sparingly and many
communities use conventional technologies. Disoms$orums are also still the predominant
way to elaborate on tourism topics and have not beglaced by other forms of collaborations.

Agent Technology

An interface determines how users are able to acaed view the data in a system. The actual
internal representation and structure of this databe achieved by various means. Multi-Agent
Systems are one possibility and have already beeploged in the tourism domain for
information gathering, representation and aggregatiFor example, Chiu & Leung (2005)
designed a virtual enterprise of independent tauservice providers as a Multi-Agent System.
Agents make use of Semantic Web concepts to imgievelanning stage and help customers in
understanding and specifying their requirements @ueferences. The authors’ motivation was
the lack of tourist portals that proactively asdistirists by adequately integrating disparate
information sources and services. The Multi-Ageyst&8m developed by Chiu & Leung (2005)
addresses these issues to create a ubiquitousttassistance system.

A similar approach, that also relies on agent tetdgy to retrieve tourist information from
distributed databases, has been presented by Yetalg(1998). A customer can use the system
through a special interactive graphical user iammfto enter search queries and to trace the
information search and retrievdh the background the information requests aregssed by
different types of software agents which commumicata the Knowledge Query and
Manipulation Language (KQML) (Finin, Fritzson, Mcia& McEntire, 1994). Typically, a
search request is passed to a specific informagent that has knowledge about the search
topic. The information agent then queries a datlaasl the result is sent back to the requesting
agent. Special attention has been paid to platfodependence — all system components are
either implemented in Java or other platform inaejesmt technologies; and thus, KQML is used
as a platform independent communication protocol.

The implementation of software agents usually fefioa specific methodology aimed at
defining the way agents need to be modeled. Sef@malal methodologies have been proposed
in the literature. Dignum & Dignum (2001) introducea formal methodology for the
development of agent societies. They divide domaguirements into functional and interaction
requirements. Functional requirements define whaysdem is supposed to do and interaction
requirements define how the system is supposed tb th a subsequent work a methodology for



the design of agent societies based on the tygeaflination structure was presented (Dignum,
Weigand, & Xu, 2001).

Gaia, a methodology for agent-oriented analysisdegign was introduced by Zambonelli et
al. (2003). It was the first formal methodology sifieally developed for agent-based systems.
The approach is based on designing a Multi-Agerdté3y as a computational organization.
Furthermore, the methodology has been extendedh#ranalysis and design of Multi-Agent
Systems. Clear guidelines for analysis and designpaovided by Gaia. Juan et al. (2002)
introduced a methodology based on Gaia to impra¥evare engineering of agent-based open
systems.

The Electronic Institution methodology was devetbder modeling agent organizations
effectively as institutionalized electronic orgaatibns (Esteva, Rodriguez-Aguilar, Sierra,
Garcia, & Arcos, 2001). The methodology is basedttm notion of institutions. Institutions
represent the framework within which human inteoactakes place and define restrictions and
permitted actions. Such definitions are mapped dalkectronic Institutions which are the
electronic counterpart of institutions. Electroritstitutions are populated by heterogeneous
software agents and humans that interact by meapeech acts.

3D Virtual Worlds

Research approaches taking advantage of 3D ganmeesritave emerged over the last few years.
One of the first examples is PSDoom by Dennis GRA01). In his work the Doom game engine
is used as an interface for the management of Wpstem processes where each process is
represented as a monster. Killing the monster atlse corresponding process to “die”. The
intention of this work is to explore new interfacetaphors that provide a more intuitive access
to computers for computer illiterate people.

Moloney et al. (2003) developed an immersive desigique tool for architects. They use an
open source game engine to create a collaboratitw@lhenvironment enabling students to create
3D architectural models. The environment allowsistis to iteratively alter the model and to
directly view these changes. Moreover, revieweesatnle to comment on the created models.

In the context of information visualization Kotat (2005) use a 3D game engine to improve
data visualization for source code comprehensidnis Tool allows software developers to
quickly perceive the structure of source code &mdrelationship between different source code
files. Files are visualized as 3D objects in a 3BWal World. The user can explore the structure
by walking through the virtual world. The conteffitaofile is displayed when the user walks into
a file object.

In another work Steve DiPaola & David Collins (2D@3eated a 3D Virtual World for the
emulation of natural social paradigms. They beli#hat such environments convey tele-presence
and help to achieve higher levels of socializatlearning and communication. The human voice
is used as communication mechanism to represeninthieiduality of users and to create an
immersion effect.



Multi-Agent Systems and 3D Virtual Worlds

Some works report on the combination of Multi-Ag&ysstems and 3D Virtual Worlds. Smith et
al. (2003) present an approach where the agent lisgincorporated in a 3D environment.
According to the authors most worlds are largebtistand objects are used to trigger pre-
programmed behavior. Agents are supposed to ertheh world and should make the
environment more dynamic. The proposed framewonsists of a society of agents in which
each agent controls a 3D object. As an examplengerence room consisting of wall agents and
a room agent is presented. Depending on the nuafl@eratars in the room, the agents react and
dynamically adapt the room size.

Adobbati et al. (2002) presented GameBots; a syskahabstracts from the Multi-Agent
System and provides a uniform interface to the 3Budl World. They have created a multi
agent research test bed that is not limited toezifip task in a fixed environment and supports
human testing and interaction. The GameBots enwisgn supports humans-as-agents, is easily
customizable (due to a scripting language), ang@up multiple environments and tasks.

The Unreal Tournament Semi-Automated Force (UTSAW)ject takes advantage of
GameBots (Manojlovich, Prasithsangaree, HughesnGhé ewis, 2003). It is a framework that
connects military simulations with a 3D visualipati The goal is to create a system that scales
well on large and heterogeneous simulation enviemisl To this end, they developed a
framework in which an agent system is used as theiator between the military simulation and
the 3D Virtual World. Agents monitor the status thie military simulation, filter relevant
information and visualize entities of the simulatia a 3D Virtual World.

Nakanishi & Ishida (2004) developed a social intBom platform named FreeWalk/Q where
software agents and human controlled avatars shargame environment, interaction model and
scenario. They introduced different topologies dedcription levels to describe the behavior of
an agent or a human's avatar for a more natuediation into their virtual environment.

Face-to-face communication in 3D worlds is addmrédsg Traum & Rickel (2002). They
concentrate on issues such as proximity and abteadtifocus of others, the interplay between
speech and nonverbal signals and the ability tontas multipart conversations. They
introduced an example scenario to demonstrateiti@l implementation of their model.

A similar approach to seamlessly integrate agents lumans in a cohesive Multi-Agent
System was introduced by Martin et al. (2003).Heirt work they describe a software prototype
of a distributed collaboration and interaction eysthelping humans to act as an integrated part
of a Multi-Agent System. They introduced so-callkgison agents which support human
interaction with other non-human agents by arbitgabetween them.

Payne et al. (2000) analyzed human-agent interaetil stated that agents can have different
models of user interaction. In their work they diésx a case study of a Multi-Agent System
containing different agents, with some having fiorally similar capabilities, but with different
types of user interaction modalities. They argus ticcording to the type of user interaction a
significant effect on the performance of the whadgnt community can be ascertained.



Game Design

This paragraph describes the findings of the reseaonducted by Yee (2006 b), one of the
leading researchers in the area of Massively Midgggr Online Role-Playing Games
(MMORPGS). One of the aspects why people join aeBironment is the motive of playing
MMORPGs. They are a leisure activity practiced bylioms of people worldwide, who are
interacting with each other through graphical arsata complete complex goals (Yee, 2006 b).
However, little research has been conducted tooegghe social interactions and relationships
that develop between the users of MMORPGs.

Nick Yee was one of the first in this field, whoctsed on statistical analysis of motivation
factors for playing MMORPGs (Yee, 2006 a). The extégype that only teenagers are playing
MMORPGs is a false premise. The average age of MRIGRisers is 26.57 years, and on
average they spend 22.72 hours each week playeig chosen MMORPG. Relating to social
interaction, the majority of asked users had madmmenpositive experiences in the 3D
environment than in real life. While females empbed the relationship, immersion and
escapism within the 3D environment as the mainvattn factors, the motivation for males lies
in the manipulation and achievement of desiredauts.

The reason why users are motivated to play MMORR45sa lot to do with conceptualization
and the design of the game. The difference betvodleer entertainment products like books or
music is that games are relatively unpredictableghigir consumption (Hunicke, LeBlanc, &
Zubek, 2004). In the field of game design thera Iet of literature related to the construction of
specific games; however, there is less literatwaglable about the best practices for designing
games.

Rollings & Morris (2004) define a form of “CreativiRoad Map” for creating games, which
comprises the following development stages: condeptlopment, structure development and
design; furthermore there are four phases of tlatie process. It starts with inspiration,
followed by synthesis, resonance and convergenbe. ifispiration phase is concerned with
“where to get ideas”; synthesis means “combinirgitteas”, this is followed by the resonance
which describes the “creation of synergy from idead finally “finishing the concept”
expressed by convergence.

They also describe the essentials of game desiga.useful questions can be asked by game
designers who start to create a game: (i) Is gioal? (ii) Is it coherent? (iii) Is it interacti?giv)
Is it interesting? (v) Is it fun? Another key aspet game design is the concept of “meaningful
play” (Salen & Zimmermann, 2004). The purpose a$ toncept is to create an exceptionally
and meaningful game experience for the player.

Two diverse definitions are used for the conceptneéaningful play”. The first, descriptive
approach, specifies the interaction between theegayatem, the game-activity and the resulting
outcome. It refers to the process in which the glayndertakes activities, and the system
responds. The second approach, called the evatuapproach specifies the game experience that
needs to be created for the player.



3 TECHNOLOGICAL BUILDING BLOCKS

Multi-Agent Systems and 3D Virtual Worlds are thmadamental technologies used in our work.
First, we will introduce Electronic Institutions dthen present the employed 3D Virtual World.
Electronic Institutions enable the specificatiorrejulated and well structured environments. In
particular, Electronic Institutions are taking aahtover security aspects to ensure participants
adhere to the institutional rules and fulfill theioligations. They are computational realizations
of real-world institutions enabling agents to iaiEr with each other according to predefined
conventions and rules (Esteva, Rodriguez-Aguilaerr8, Garcia, & Arcos, 2001). Literally
speaking, an Electronic Institution is the guaremsure that all actions performed by agents are
in line with the rules and regulations that applyhe institution.

One of the first implementations of an Electromistitution was an Auction House developed
within the Multi-Agent System for Fish Trading (MAH) project (Cuni, Esteva, Garcia,
Puertas, Sierra, & Solchaga, 2004). The Electrémstitution methodology used in this project
emerged from the FishMarket project. The FishMai&edn electronic realization of a real fish
market created as test-bed for trading agentsectrehic auction markets (Rodriguez-Aguilar,
Martin, Noriega, Garcia, & Sierra, 1997).

The basic components of Electronic Institutions Bréhe Dialogical Framework, ii) the
Performative Structure, and iii) the Norms and lvéral rules.

The Dialogical Framework defines the language agland illocutionary particles that are
used by the agents. It defines the organizatianattsire of the society of agents, comprising the
agent roles as well as the relationships betwesm th

The Performative Structure determines the type ialodues agents can engage in. These
dialogues are named scenes. They are connecteeadthother to create sequences of activities
or dependencies among them.

Norms and behavioral rules regulate the interactioth communication in a group of agents.
They ensure the safety and stability of the sysbgmprohibiting agents to behave in non-
expected or non-accepted manners (Aldewereld, DigrGarcia-Camino, Noriega, Rodriguez-
Aguilar, & Sierra, 2006). Norms are used to defihe legality and illegality of actions, in a
vague and abstract way to ensure they apply ierdifit circumstances (Dignum F. , 2002).

The movement between scenes is realized via sedcaknsitions, which are responsible for
routing agents. Agents leave scenes where they Ih@e playing a given role and enter other
scenes to play the same or a different role. Asoestance is generated by the owner of a scene.
After a scene has been instantiated, agents mayhj@ scene. For every scene a sub-language of
the overall institutional language as well as itacture, by means of a Finite State Machine, are
defined. Furthermore, certain states of the Fittde Machine have a list of agent roles, defining
whether agents playing in these roles are eligiblgin or leave. The arcs of the Finite State
Machine are labeled with messages (illocutionsp Horresponding message is uttered, a state
transition is performed by the Finite State Machifile Norms and behavioral rules are



expressed as pre- and postiditions of the illocutions that are adsible in the Performativ
Structure of the Electronic Institutic

Figure 1depicts an example of a rformative Structure and scemeauction settin. Every
Performative Structure has Entry and arExit Point . Agents can move from one sceng
another scene by usinfpr, Or andAnd transitions. Consider two agents, one playing &
Seller role and the other one in ttBuyer role. Both agents start fro the Entry Point
The first transition, depicted as an arrow with X inside, is aXor transition. It estrains an
agent from movingo more than one subsequent scdn our examplethe Seller  has to move
to Scenel and theBuyer to Scene2. The second transition, depicted as a semicirslen
And transition. AnAnd transition defines a synchronization point whiclts ha be passed t
multiple agents simultaneously. An agent has td wesuch atransition until all require other
agents have moved to dhtransition. Then they are able to move to the nsaéne
simukaneously. In our case tiSeller andBuyer agentshave to synchroze after leaving
Scenel andScene2 . TheAnd transition can only be passed if an agent playinipéeSeller
and an agent playing in tHduyer role are present in the transitioifi only the Seller is
present in thénd transition it has to wait until thBuyer joins, before it can proceed. The thi
transition, depicted as an arrow withX, is anOr transition. AnOr transition is less restrictiv
than theXor transition and allows agents to join more than sutesequent scene. In our exan
only theEXxit Point is reachable from thOr transition, therefore thBuyer andSeller
can only move to thExit Point

Trade D
Scene Seller
OR

Buyer

Figure 1:Performative Structure and Scene Protcof an Electronic Institutio



Figure 1 also showshe scene protocol of thdrade Scene . Scene protocols are
represented as Finite State Machines where stategek are triggered by uttering messages. All
agents in a certain scene share the same scemeqrand state. A state defines the possible
messages that can be uttered and which rolesigiigleko join or leave. In thérade Scene
Seller andBuyer agents are eligible to join the scene in3t@t state and to leave it in the
End state. In théStart  statemessageX can be uttered, while in thieain statemessageY
or messageZ can be said.

3D Virtual Worlds

The second fundamental technology within the ptagee 3D Virtual Worlds. In order to identify
a suitable 3D Virtual World, we evaluated four drgnt 3D Virtual Worlds: two game engines -
the Q Enginéand the Torque Engifieone 3D virtual browser - Active Worl8§sand one 3D API

- Java 3D. Java 3D and Active Worlds did not provide enofigictionality for our needs and
could not be used. We then decided to choose thgu€ogame engine over the Q Engine as it
has more features, is better proven and has arggeloper community than the Q Engine.

The Torque game engine is an open source gameeedgieloped by GarageGames. The
feature list includes seamless indoor/outdoor renge animation support, a lighting engine,
powerful editors, a scripting language and netwlorkctionality. Furthermore the royalty free
licensing model allows developers to distribute @uodblish their games without further costs.
The Torgue game engine offers several editors @old for the creation of games and 3D Virtual
Worlds. These editors range from a world editoedu® arrange objects in the 3D Virtual World,
over a terrain editor, used for the creation oftéreain, to a graphical user interface (GUI) edlito
used for the design of the heads-up-display andandweu. The behavior of objects and the game
logic is programmed via the scripting languagehd scripting language is not applicable (due to
functional or speed limitations), it is possibleatiter the game engine itself. The code is written
in C++ and is directly compiled into the game eegixecutable.

Torque is an industry-proven game engine and has beed in numerous commercial and
independent games. In the scientific world the Tiergame engine has been utilized for research
projects as well. The design critique tool from bludy et al. (2003) is relying on the Torque
game engine and IBM is using the engine for anriaeresearch project on virtual wortds
Moreover, the engine is widely used in educatiartéaching the principles of 3D game engines.
The GarageGames web Sifists more than 200 schools and universities tisa the Torque
game engine in their class rooms.

4 A FRAMEWORK FOR 3D ELECTRONIC INSTITUTIONS

The role model for our environment is the concdg¥lassively Multi-User Online Role-Playing
Games (MMORPGS). Millions of users interact, cotledie, socialize and form relationships
with each other through avatars in such online remvhents (Castronova, 2005). For playing
MMORPGs users must purchase a specific client awe o pay monthly subscription fees in
the amount of 10 Euros to be able to access theateerverd Users can view the virtual world
in real time 3D graphics and use an avatar to actewith the environment. Commands are
executed via user interfaces that are controllethbynouse and keyboard.



The game World of Warcrdfis one of the most successful MMORPGs with moentB
million users. In this virtual world, the collaboia becomes incredibly complex due to the
interaction between beginner and advanced leveistgb users. In a common scenario users play
in groups of 4 to 8 avatars where they fight agamsltiple computer controlled enemies. Other
MMORPGs such as Star Wars GalafieBave created collaboration scenarios of an
entrepreneurial nature. Virtual goods are produmnethe users themselves; supply, demand and
prices are user driven. Many users say that theylile they have a second job (Yee, 2006 b).

Conceptual Design

In our 3D e-Business environment two types of pguréints need to be considered: humans and
agents. Agents are either autonomous or controlfeal human user. In the latter case, the couple
human/agent is represented as an avatar in thei@aMWorld. Humans and agents learn from
each other and work together to collaborativelyi@dh certain goals. The user delegates tasks
such as information gathering or product purchasiritpe agent and learns from the agent which
rules and restrictions apply in the environmente Tiser must act according to these rules. The
movement and actions of the user in the 3D VirMadrld are verified by the agent in the
Electronic Institution.

Autonomous agents must be visualized in the 3DudlIrtVorld such that users are able to
interact and learn from them. An autonomous ageatsoftware agent that is capable of reacting
to its environment and proactively makes its decisibased on the input from the environment
and its internal decision model. The visualizat@rautonomous agents depends on their task.
For example, an agent that actively participatesoinversations may be visualized as an avatar,
whereas a simple information agent may be visudlagzean information monitor.

The dependence between the two systems requireshina@D Virtual World is causally
connected to the Electronic Institution. Causaiéfers to properties of the connection between a
system and its representation (Maes & Nardi, 1988pur case this means that whenever the 3D
Virtual World changes, the Electronic Institutiorush change as well. Whenever the Electronic
Institution evolves, the 3D Virtual World has to bwdified in order to maintain a consistent
relationship. Conceptually speaking, the systencasiposed of three layers whereof the 3D
Virtual World is located at the top layer, the Eteaic Institution is located at the bottom layer
and both components are causally connected by ithdleware layer.

The Framework Architecture

An overview of the architecture is depicted in Fg@2. The rectangles define self-contained
execution environments in which each applicatiomuisning. These environments may run on
the same computer or can be distributed acrossaewachines. The communication between
the layers is based on the TCP protocol. The coemsnwithin each layer listen to network
traffic and send messages on predefined ports.

The Administration Tool is connected to the dataestand used for the administration of the
components on every layer. The Electronic Instngj the middleware as well as the Torque



server can be started and stopped. The configuraiobased on XML files that can be
manipulated and managed via the Administration T®bk connection to the data store enables
administrators to create, manage and delete dataishused in the framework. There are
generally two types of data: generic data thatsisduin every 3D e-Business environment and
domain specific data which is only used in the eahbf the application domain. Examples of
generic data are login data or user account dati® wkamples of domain specific data could be
flight or hotel data.

The bottom layer contains Ameli, the Electronictibugion runtime environment. The TCP
port of the Ameli component is used to send alhév¢hat occur in the Electronic Institutions to
the middleware. This also includes the actions wb@omous agents that run the Electronic
Institutions. Depending on their roles, these agdiatve access to the data store and can access
registration information, user profiles or domapesific data.

The Remote Server is responsible for the messageange with external agents allowing
them to participate in the Ameli system. A predefincommunication protocol (which is
specified in the Electronic Institutions Developm&mvironment) enables the communication
with external agents. Agents send action requestiset Remote Server which are then validated
in the Ameli system according to the Electronictitnon specification. The Remote Server
returns reply messages to the external agent.

Torque is running on the top layer following a oliserver architecture. The server is running
in dedicated mode controlling the state of the 3Budl World and observing the actions of the
users. The server guarantees a consistent relagomsth the Ameli system and changes the
state of the 3D Virtual World if necessary. The mection between the Torque server and the
middleware is used to exchange messages betwesntthe layers.

The Torque client runs on the user's computer angséd to visualize the 3D Virtual World.
When the client is started, a connection to theglierserver is established. The server and client
run in different execution environments and maydo&ributed across several machines. In
Figure 2, we can see that a user named Elainetadedsthe client and entered the 3D Virtual
World with her avatar.

The middleware connects the upper layer with tlvgetolayer. The connection to the Ameli
system is used to listen to events that occurigidsstem and to enable the participation of user
agents. The connection with the Torque layer iduseexchange messages with the Torque
system. The user’s agents are managed by the Agmager component. Every user in the 3D
Virtual World is the principal of an agent in th@ént Manager. The connection between Elaine
and her agent is depicted with a dotted line betmtbe Torque client and the agent in Figure 2.
Action requests from the user are sent to the rewdate and forwarded to the user’'s agent in the
Agent Manager component. These agents act as ektggents and communicate with the Ameli
system through the Remote Server.
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Figure 2: An overview of the framework for connegtElectronic Institutions with 3D Virtual
Worlds
Connecting Electronic Institutions with 3D Virtual Worlds
To generate a mapping between entities of the 3fudli World and the Electronic Institution,
two steps need to be carried out. First, a floanghat specifies the layout of rooms and doors in

the 3D Virtual World must be created. Second, thems and doors need to be linked to the
entities of the Electronic Institution (scenes &adsitions).

In a straightforward approach scenes are mappedrooms and transitions are mapped onto
doors. This is illustrated in Figure 3, where tlserees of an Auction Electronic Institution are
directly mapped onto rooms in the 3D Virtual Worlkde Information Scene is mapped onto the
Information Room, the Auction Scene onto the Autt®oom and the Clearing Scene onto the
Clearing Room. If two scenes are connected in thectidn Electronic Institution, the
corresponding rooms are connected by a door.

The 3D Virtual World in Figure 3 is populated bydiavatars of which four are visual
representations of autonomous agents and one asatantrolled by Elaine. The relationship
between agents in the Electronic Institution arelatatars in the 3D Virtual World is illustrated



by the symbols underneath each avatar. For exatmg@@utonomous agent in the Auction Scene
is visualized by the avatar standing in the AucfRwom. The figure also includes two exemplary
message exchanges between the 3D Virtual World taedElectronic Institution. These are
explained in more detail in the next Section.

The relationship between the entities of the Eteutr Institution and the 3D Virtual World is
defined in a mapping specification. Such a speatifim contains the following elements: the
Scene-Room relationship specifies which scene et onto which room, the Transition-Door
relationship specifies which transition is mappedtoo which door and the Role-Avatar
relationship specifies visual cues for agent rofesisual cue helps to visually identify the duties
of a certain avatar. For example, the role of & saent might require the avatar to wear a
specific work dress. The user is then able to pa$#ntify a sales agent in the virtual world.

The mapping must be provided for each Electrorstitiition individually and is defined in an
XML document. This document is parsed by the Torsgmer in order to trigger the appropriate
actions when a user moves between rooms. Furtherrttog Torque server uses the mapping
information to appropriately visualize autonomogsras.
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Message Protocol

Messages that are exchanged between the 3D Viltodt and the middleware layer are defined
in a message protocol. These messages are orgainizddee different categories. Status
messages are used to query Ameli about the custatet of the system. Action messages are sent
whenever an action takes place in the 3D Virtuatl&/or in the Ameli system. Error messages
are used to indicate a failure.

The message protocol is based on the followingchasissage types:

request (request an action to be performed, redufesiation)

response (successful response to a request)

error (error message, used as response to unsiutcegsiests)

inform (information message, inform the other pad response is expected)

Messages contain a header and a content sectierhédder identifies the recipient in order to
ensure appropriate delivery of the message. Theesbeection holds the actual information. In
general, the majority of the messages in the mespegiocol correspond to an event that may
occur in the Ameli system. The messages are usabgtract the events and to extract and
forward only the relevant parts of each event. &mmple, if an autonomous agent enters a
scene, the everttnteredSceneEvent  occurs in Ameli. The middleware is notified thhist
event has happened and informs the 3D Virtual Wauiith aninform EnteredEntity
Scene message. The message protocol is implemented in ZMlthe XML representation of
anEnteredEntity message is shown in Listing 1.

<CS3DMessage id="32">
<header>
<particle>inform</particle>
<platform>ItchyFeet</platform>
<federation>ltchyFeet-Federation</federation>
<ei>Auction</ei>
</header>
<content>
<EnteredEntity direction="cs-3d">
<entityType>scene</entityType>
<name>InformationScene</name>
<avatarid>Auctioneer</avatarid>
</EnteredEntity>
</content>
</CS3DMessage>

Listing 1: XML representation of danteredEntity message which is sent between the
middleware and the 3D Virtual World

The communication between the middleware and thé/Btdal World can be split into two
different types of communication patterns.



First, the actions of autonomous agents must belied in the 3D Virtual World. To this
end, the message protocol contains messages ¢hased to inform the 3D Virtual World about
the movement or actions of agents. Examples of snebsages are the different instances of
EnteredEntity messages. They are used whenever an autonomouiseagered a certain
entity in the Ameli system and the mapped avatastrperform a movement in the 3D Virtual
World. In the case of amform EnteredEntity Scene message, the autonomous agent
entered a new scene and, as a consequence, tespmrding avatar must be moved to the
mapped room in the 3D Virtual World. Whenever timsssage is received, the 3D Virtual World
looks up in which room the scene is visualized modes the avatar to the corresponding room.

An example of such a message exchange is showiguneF3 (messages a-c). In this example
an autonomous agent has just entered the CleatempsThe Ameli system sends out a message
to the middleware layer (message a) which is fodedrto the corresponding avatar in the 3D
Virtual World (message b). As a consequence, tlaaawmust be moved from the Information
Room to the Clearing Room (message c).

Second, action requests by users must be validatdde Ameli system. Whenever a user
performs an action in the 3D Virtual World, thistian must be verified by her agent in the
Ameli system. This communication consists of a esuand a response message. Figure 3
exemplifies the use of these message types (mesdage We can see that Elaine just entered
the Information Room in the 3D Virtual World (megsal). Her corresponding agent also
referred to as Controlled Agent must now move torttapped scene in the Electronic Institution.
For this reason #equest EnterEntity InformationScene message is sent to the
middleware (message 2). Elaine’s Controlled Agemtvérds the request to the Ameli layer
where the agent tries to enter the Information 8¢emessage 3). The response is then sent to the
agent (message 4) and forwarded to the 3D Virtuadl\by the agent (message 5).

If the agent could enter the scene the Ameli systefiacts the same state as the 3D Virtual
World. However, if the agent could not enter theng; Elaine must leave the room in order to
guarantee the consistent relationship betweenysters and its representation. This is resolved
by teleporting the user out of the room.

Framework and User Administration

The management of users in the framework is acdshga by a dedicated Electronic Institution
called Ether Electronic Institution. The Ether Efenic Institution is somewhat special, because
it does not have a visual representation like tteroElectronic Institutions in the framework.
Services in the Ether Electronic Institution areessible independent from a user’s current
location in the 3D Virtual World. The name is dedvfrom the physical concept of Ether, a term
used in ancient science to describe a medium togiagates light. The Ether was thought to be a
substance above the clouds extending everywhespaoe. In a similar manner, the Ether in our
framework can be thought of as a medium that oesugvery point in the 3D Virtual World.

In its general form, the Ether Electronic Institutiprovides services for user registration, user
management and user login. Depending on the applicalomain of the 3D e-Business



environment, additional functionalities can be abtlde the Ether Electronic Institution. For
example, in a shopping related environment, thectfanality of a shopping cart might be
realized in the Ether Electronic Institution.

The administration of the framework can further dmatrolled by an Administration Tool.
This tool enables administrators to start and ghepdifferent components of the environment, to
configure the system and to manipulate user acsodnte. user accounts can be created,
modified and deleted. The administration interfadeltchy Feet is depicted in Figure 4. It
contains a management for user accounts and haseltended by numerous other functions to
be able to manipulate the domain specific dataabfyl Feet. The interplay of the interface with
the other system components is shown in Figure 2.
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Figure 4: The Administration Tool for the data mbdsed in the framework

SITCHY FEET

The general e-Business framework is showcased laypplication in the domain of tourism. This
application is a trading environment where users @agage in the trade of tourism products
through the interaction with software agents in3BeVirtual World. The user is able to pass the
whole process of purchasing a tourism good: from g¢barch over the selection to the actual
payment.



The landscape of ltchy Feet's 3D Virtual World ispetted it Figure 5. Itchy Feet is
composedof three buildings connected by paths and the Efhibe Ether is emedium that
surrounds users of ltchy Feet, provg location independent services to all usEvery building
as well as the Ether is mapped onto an Electrorstitition in theMulti- Agent Syster layer. In
the following we will give a description of the [Eteonic Institutionswithin Itchy Feet.
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Figure 5:The landscape of Itchy Feet in the 3D Virtual W
The Ether Electronic Institution

The Ether Electronic Institutiois a validation and registration service. Every uskowants tc
participate within Itchy Feet has to regisin the Ether Electronic Institutic first. Every time a
user logs into ltchy Feditel credentials are validated in tlgher Electronic Institutin. The
Ether Electronic Institutiomas threescenes: thdregistration , the Validation and the
Ether Scene

TheRegistration andValidation Scenes implementthe registration and validatic
service. TheEther Scene  provides communicatioservices and services for listing a us:
inventory, shopping caranc profile. These services can be used inside andideutsf any
building in the 3D Virtual Worl. Figure 6depicts the Performative Structure of the E
Electronic Institution.The key symbols identify those agent roles thatamsate (open) ne\
scenes. The different agent role:the Ether Electronic Institutioare shown irTable 1.

Agent role Responsibilitie

RegistrationAgent | Register new use

ValidationAgent Validate existing use

PMAgent Deliver private messagbetween users
ChatAgent Provide a chat facility to use




SalesPerson Offer advice to users

User Participant of ltchy Feet

AccountManager Offer shopping cart and inventomidstration services
TravelAgent Offer travel advice to users

Table 1: The agent roles of the Ether Electronstiltion

Private messages are delivered byRiAgent. A chat is established by tiighatAgent .
An agent playing in theSalesPerson role offers advice to users of the chat. The
AccountManager provides services for listing the contents ofshepping cart and inventory.
This agent also participates in the Travel Agenigctonic Institution and in the Auction House
Electronic Institution where it accepts paymentusérs. ThéAccountManager s informed
of every financial transaction in ltchy Feet.

To illustrate the Ether’s functionality, imagine user playing in theJser role. In this
example as well as in the upcoming examples wenasdhat all scenes of the Performative
Structure have already been instantiated by thegines owners (marked with the key symbol).
TheUser moves from théentry Point to theRegistration Scene and registers with
the RegistrationAgent . The RegistrationAgent creates a new user account and
profile. At every subsequent visit of ltchy Fedte tuser will have to move to tialidation
Scene instead of theRegistration Scene to get her credentials validated and to gain
access.

After the registration or validation procedure, thlser moves directly to theEther
Scene. She stays there as long as she is participatitignulichy Feet in order to be able to use
the Ether’s services. When thiser exits ltchy Feet she leaves the Ether by moviogfthe
Ether Scene  to theExit Point
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Figure 6: The Performative Structure of the Ethéed&onic Institution



The Forum Electronic Institution

The Forum Electronic Institution has only one scand is the least complex of ltchy Feet. The
Performative Structure, depicted in Figure 7, cstssodf theForum Scene which is led by the
ForumAgent . TheForum Scene is directly connected to tHentry andExit Scenes  of
the Forum Electronic Institution.

The Forum Electronic Institution has been realizganeans of an open source forum, namely
jForunt. A Webservice has been implemented and exposesahefunctions of the open source
forum such as topic or thread creation to othetwsoke components. THeorumAgent uses a
Webservice client to access these functions. Usaedy interact with théorumAgent , which
forwards their requests to the actual forum. THéeint agent roles of the Forum Electronic
Institution are shown in Table 2.

Agent role Responsibilities

ForumAgent Pass-through services of jForum
DedicatedControlledAgentProvide information from the ForumAgent to the pabl
User Participant of the Forum

Table 2: The agent roles of the Forum Electrongtitation

An agent playing in theDedicatedControlledAgent role provides information
received from thd-orumAgent to the public. Such an agent could be visualized @anel in
the 3D Virtual World where the most current or masteresting threads of the forum are
displayed.

To illustrate the Forum’s functionality, imagine aser playing in thé&Jser role. The user
moves from theentry Point straight to thd=orum Scene . In theForum Scene, the
user queries theorumAgent about the latest threads. She browses the thagatisvants to
comment on a certain discussion. A request to er@anew forum posting is sent to the
ForumAgent which creates the posting in the external webrforthe user then leaves the
Forum Scene and moves to thexit Point

1

ForumAgent, User, DedicatedControlledAgent ForumAgent, User, DedicatedControlledAgent
D ’ > )

Figure 7: The Performative Structure of the Forutadionic Institution

The Travel Agency Electronic Institution

The Travel Agency Electronic Institution offers dix price products. Customers may book
flights, hotel rooms or all inclusive tours. TheavVel Agency's Performative Structure is
depicted in Figure 8.

In theInformation Scene customers can inform themselves about productsatieasold
within the institution. ThreéSale Scenes have been implemented for advising customers



individually. EverySale Scene s equipped with &alesPerson | an external human travel
agent, who shares its knowledge and expertise wustomers helping them to establish a
customized travel arrangement. Flights or hotehm®@an be booked in tHooking Scene

and are paid in th€learing Scene . Product information is conveyed to the Travel Age

by using a database and external data from trageh@es on the Internet. A customer
performing a search in the Travel Agency will gedbquct results from the Auction House as
well. The payment is performed by credit card ie thstitution'sClearing Scene . The
different agent roles of the Travel Agency Electednstitution are shown in Table 3.

Agent role Responsibilities

HotelDataFetcher Fetch hotel and room data frorarast providers

FlightDataFetcher Fetch flight data from externaviders

ProductDataFetcher Fetch detailed product informnatifrom externa
providers

HotellnformationAssistant Provide hotel and roorformation to users
FlightinformationAssistant Provide flight information to users

BookingAgent Offer booking services to users
SalesPerson Offer advice to users

AccountManager Offer payment services to users
DedicatedControlledAgentOffer hotel, room and flight data to the public
User Participant of the Travel Agency

Table 3: The agent roles of the Travel Agency Eb&at Institution

An agent playing either in thélotelDataFetcher or FlightDataFetcher role
provides the Travel Agency with hotel and room dmtan external providers. When a user
performs a search, tHeformationAssistant agent will query one of these agents to get
corresponding data from registered external prasidehis data is aggregated and combined with
existing hotel and flight data in the internal detse and returned to the user.

A user who is undecided about her travel plansmawme to one of th&ale Scenes and
get advice from ®alesPerson . If a user spots a flight or hotel she is intezdsnh, the product
can be booked in thBooking Scene . To buy the flight or hotel arrangement a user esow
the Clearing Scene and settles the invoice with thecountManager . An agent playing
in the DedicatedControlledAgent role provides flight and hotel arrangements offeire
the Travel Agency to the public, for example by meeaf a ticker.

To demonstrate the functionality of the Travel Aggnconsider a user playing in thiser
role. Starting at thé&ntry Point the user moves to theaformation Scene . In the
Information Scene the user decides to move to thale2 Scene to get advice on
traveling to Scotland. Well informed the user leatBe current scene and heads back to the
Information Scene where she queries thelightinformationAssistant about
flights to Scotland. Having indentified a suitaflight, the user moves to tigooking Scene
and books the flight. The flight is then paid ire tBlearing Scene and the user leaves the
Electronic Institution by moving to tHexit Point
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Figure 8: Performative Structure of the Travel Aggilectronic Institution

The Auction House Electronic Institution

In the Auction House Electronic Institution, fligatd hotel room arrangements are auctioned.
The Performative Structure, depicted in Figuren@rss similarities with the Travel Agency.

The Auction House’s Offering Scene is the central meeting place for the
OfferManager the DataScouts | the Auctioneers and the
InformationTransferAssistent . DataScouts  register products that have been

fetched from the internal database with tBfferManager . The OfferManager then
contacts the Auctioneers to sell them. Demand and supply is overseen by the
OfferManager , which may instructDataScout agents to bring in new products. The
InformationTransferAssistant moves between thelnformation and the
Offering  Scene to provide the latest product information to the
InformationAssistants

The Information Scene is populated witHJsers andInformationAssistants
Users may querinformationAssistants about currently offered products. The products
are auctioned in one of the thrésglish Auction Scenes . Every auction scene is
populated with an agent playing in tiictioneer  role and several users playing in the
Customer role. A user changes its role frodser to Customer as soon as she enters the
Auction Scene . If a user has purchased a product, she has te rtmvhe Clearing
Scene to pay for it. TheClearing Scene s led by theAccountManager which accepts



payment and assigns the ownership of a productdastomer.The different agent roles of the
Auction House and their responsibilities are sumuonech Table 4.

To illustrate the functionality of the Auction Haysconsider a user playing in thiser role.
Starting at theEntry Point , the user moves to tHaformation Scene and informs
herself about ongoing auctions. An auction for ighfl to Ibiza is held in theEnglish
Auction Scene 2 . The user is interested in travel arrangementsbiaa and directly moves
to this scene. In th&nglish Auction Scene 2 the user engages in the auction, bids
several times and is finally announced the winfidre user then moves to tHgearing
Scene where she pays for the product and the ownersti@msferred to the user.

Agent role Responsibilities

OfferManager Oversee demand and supply, instruttfgdcher agents
Auctioneer Lead auctions

DataScouts Fetch detailed product information feotternal providers

HotellnformationAssistant Provide hotel and rooffioimation to users
FlightiInformationAssistant Provide flight informati to users
InformationTransferAssistantTransfer information between Information and OfigriScene

AccountManager Offer booking services to users
DedicatedControledAgent Offer hotel, room and flighta to the public
User Participant of the Auction House

Table 4: The agent roles of the Auction House Eb@at Institution

o= OfferManager, DataScout,

OfferManager, DataScout, Auctioneer Offering Auctioneer, InformationAssistants,
InformationTransferAssistant
&

i

English English English
Auction Scene 1 Auction Scene 2 Auction Scene 3

<
JaBeUB|IUN0DDY

\
IS
S
¢
o
&
5
Q
Jawoisny

Customer

Clearing
Scene \

Figure 9: The Performative Structure of the Auctidouse Electronic Institution




The 3D Virtual World

The 3D Virtual World of Itchy Feet provides a visuepresentation of the presented Electronic
Institutions. Except for the Ether Electronic Iagiion, the functionality of an Electronic
Institution is within the scope of a building inetl3D Virtual World. Auctions can be performed
in the Auction building, information gathering apmbduct trade takes place in the Travel Agency
building and participation in the forum is possillethe Forum building. The buildings have
entry and exit doors and contain rooms that areected via doors.

The Forum building contains one room, since all fingctionality of the Forum Electronic
Institution is provided in one scene. In this rodhe user can launch a 2D forum interface and is
able to browse the forum, create posts and starttheeads. The forum interface is displayed in
Figure 10. Elaine has started the forum interfacg i@ currently showing the “Car rental in
Romania” thread. She can engage in the convershtiantering a new message in a message
box at the bottom of the list. Furthermore, the moeresting discussions will be projected onto
walls where they can be read and followed by migtiysers simultaneously.

30 El - 30 Electronic Institution Sample Environment E‘E@

in Juli? What about renting a car in one location and returning it at ancther? Are there any things you
have to take care about? thanks

by atmega on 200809 11 at 15:30:17 #68

Mot for Romania, but for Hungary - could be similar in Romania: the international car rental agencies

are not the best way to go. | needed a station wagon for airport transfer and few days extra. t

" turned out, car dealership (in my case: Opel Schiller in Budapest) was the best choice, 11000 Ftiday
i | for automatic wagon. You may try to call around NEW car dealerships in Romania - you could be

pleasantly surprised!

.| by nicki on 2008.09.13 at 20:01:48 #69
Really, car-rental service leaves much to be desired. t's nat like in Hungary :) t's strange that you
clicn't find any adresses on Europecar page. When we rented a car there we could find all the
adresses for Europecar, Avis and Hertz. We rented it st Hertz, because they had a wider network (ir
more cities). The roads are really good. We travelled from Cluj Napoca to the north west and then
| through Bucharest to Constanta to the Bulgarian border. We returned our car in Bucharest, it was no
problem. At least 2 years ago the road Bucharest - Constanta (its finished part, t was under
construction) was great (160 km/owr and absolutely empty). t was August. By the way, in Romania
even during working hours it's not necessarily that someone is in the office, unless they expect you
to come: ) |

Figure 10: The Forum interface in the Forum builglin

The Auction building contains four rooms: an Infaton room, three Auction rooms and a
Clearing room. In the Information room upcoming taues are displayed, the three Auction



rooms are used to conduct auctions and in the i@taoom products are paid. A user
participates in an auction by entering the curtadtinto an input box and confirming the bid.
The current state of the auction is broadcast kgaiticipants and displayed on the user’'s
interface. When a user wins an auction, the progyglaced in her shopping cart and can be paid
in the Clearing room. The payment information iteesd via a 2D input mask. When the product
has been paid, it is transferred to the user’sntorg.

In the Travel Agency building information faciliseare available and the trade of fixed price
products takes place. The building consists of fmams whereof three rooms are Sale rooms
and one room is the main Information room. In tladdeSooms, users can get professional help
from travel agents that are also logged in the 3Busl World and are represented as avatars.
Similar to a travel agency, a user can directlgratt with another human being, ask specific
questions and let the travel agent take care dbtlo&ing. In the main Information room, the user
is able to search for tourism products. The setadcihties are 2D interfaces in which the query is
entered and the aggregated results are presentedisiastyle manner. Products that have been
selected by the user are placed in the user's shgmart. The payment of products is similar to
the Auction building; the payment information igemed by the user via an input mask. As soon
as the products have been paid, they are trandfeoe the cart to the user’s inventory.

Trading

The current version of the prototype supports twfeieknt kinds of products: flights and hotels.

A hotel product represents a reservation for allvotam while a flight product represents a seat
reservation for a certain flight. Furthermore, protd can be distinguished by two additional
attributes.

The first attribute defines how a product is sélgproduct is either a fixed price product or an
auction product. A fixed price product is sold #offixed price in the Travel Agency building
while an auction product is sold via an Englishtewrcin the Auction building.

The second attribute defines how products are attdédte system. A product is either added
manually to the system or via a third party proddata provider. Products can be added
manually with the Administration Tool - a wizardused to define the attributes and content of
the product. Alternatively, products are createdom@matically based on real world product
information of third party tourism product provigder

When the user searches for a certain kind of prip@ug. a hotel room in Vienna, the software
agents in the Ameli system query several hotelcbearterfaces on the Internet. The search
results are merged and presented to the user iB0OReirtual World. If the user decides to buy
one of the externally retrieved products, a newtthl” product is created within the system.
This virtual product contains the same informatisrthe external one and can be sold to the user
within the system.

The product purchase process is the same as inrkimderfaces. The user enters the Travel
Agency building in the 3D Virtual World and issugsearch request. The request is then sent to
the user’s Controlled Agent which issues the regieshe Ameli system. This triggers the



autonomous agents to search for information ininternal database as well as in external data
sources. All the results are merged and preseptéuketuser in a coherent format. The user can
browse the list and select certain offers thafpémeed in the user’s shopping cart.

In a similar fashion to a real world store, theduras are to be paid at a counter before the
user leaves the building. The user is not alloveetbdave the building if unpaid products remain
in the shopping cart. The paying process is comduetith a credit card. The user enters the
credit card information and the products move fitbin shopping cart to the user’s inventory. If
the user decided to buy a product that has beelewed from an external data source, a new
virtual product is created in the internal databd$e creation process in the internal database is
delayed until this moment in order to avoid a doeabverhead and to only create products that
are really needed internally.

The representation of products within the systeosely resembles the way how tourism
products are managed in the real world. We usedheept of room and flight contingents that
can be purchased by so called providers.

A provider is a company that buys room contingérds hotels or seat contingents from air
line companies and sells them to customers. Theigep pays a fixed amount for a certain
contingent and defines the prices for individu@ms and seats. In our model, a room or seat can
only be sold if it is contained in the contingehtagorovider and has an assigned price.

A product itself contains seat or room reservatimentifying the seats and rooms that are
sold in this product. In the case of a fixed ppeceduct, the product price is the sum of all rooms
or seats contained in the reservation. In the odsen auction product, a start price has to be
defined and the product will be sold for the endterthat is reached in the auction. Only
manually added products may be sold in an auction.

User Profiles

Profiles are one of the cornerstones of most sstdeand popular social networking sites like
Facebook or MySpacé'. A profile is a concise representation of a usgessonality and
interests, allowing other users to easily get arprassion of the person behind the
nickname/avatar.

In Itchy Feet we also support profiles. They adeedi out upon registration and can be
modified later from within the 3D Virtual World. Ehprofiles contain personal information like
name, age or nationality and more touristic relatgdrmation like traveler type, favorite
countries or traveled countries. The Controlled #tgeores the profiles on the middleware layer
and controls access to them. Hence, the Controlgdnt defines which other software
agents/components are allowed to access whichdfindormation. A property that is especially
important in the case of confidential informatidtelcredit card numbers.



Participation

This Section aims to give a general overview offthectionalities of the ltchy Feet platform by
attending Elaine who visits the different placethn the 3D Virtual World. Before she is able to
visit the platform, Elaine must complete the regisbn process and is then able to use her
personalized alter ego represented as a 3D characte

When Elaine walks around in the 3D Virtual WorleyrControlled Agent performs the same
movements in the Electronic Institution. We wilugtrate how Elaine’s agent moves around in
the Electronic Institution and show which entitaee entered and exited. Elaine will then post a
guestion in the message forum and we will show timvmessage is sent to fRerumAgent in
the Forum Electronic Institution.

In detail, users participate in the Itchy Feet aystvia the 3D front end, i.e. the 3D Virtual
World. Currently we support two different typesusier roles which are customer and employee.
A customer is the common type of user that padigp in the system to gather information,
socialize with other users and purchase produatserployee works for a certain provider and
can offer professional help to customers seeking certain information or products. An
employee is much like a travel agent in a traveinay.

The login procedure

The first time a user connects to the 3D VirtualriWoshe is guided through a series of screens
where a user name has to be chosen and persooahation about this user is gathered. A
customer account can be created by anyone, whidgrgaioyee account must already exist in the
system before an employee connects for the finsé.tiUpon finishing the registration, a new
Controlled Agent is instantiated and associateth Wie new user. The entered data is stored by
the Controlled Agent on the middleware layer, whadbo controls access to this data. Further,
this Controlled Agent is used to represent the wusiin the Ameli system.

When the user has finished the registration phasegs into the system, she is spawned as a
new avatar in the 3D Virtual World. At the same diitihe Controlled Agent enters the Ameli
system and also moves into the Ether Electronittii®n. This process is illustrated in Figure
11. The Figure shows the 3D Virtual World in thgapright corner and a monitoring tool of the
Ameli system in the lower left corner.

The monitoring tool displays the current state led Ameli system. In the left part all the
agents that are currently present in the systenstaoe/n. In Ameli, Electronic Institutions are
organized according to a three layered structure ERectronic Institution is executed within a
Federation, which is executed within a PlatformtHa monitoring tool we can see that Elaine’s
agent has entered the Platform “ltchyFeet”, the eFaitbn “ltchyFeet-Federation” and the
Electronic Institution “Ether”. All the messagesitthave occurred in Ameli are shown in a list in
the right part. In the area below the list, moréated information for selected messages is
displayed.



As can be seen in Figure 11, Elaine has been sghwnthe 3D Virtual World as a new
avatar. Note that Elaine is a gender bender anddlasted a male avatar. The monitoring tool
shows that her Controlled Agent has entered thiesyél) and is now participating in the Ether
Electronic Institution (1,2).

Figure 11: The user Elaine has entered the 3D Vdiritvorld which triggered her Controlled
Agent to enter the Ether Electronic Institution

Moving around in the 3D Virtual World

The avatar movement is controlled by the keyboadithe looking direction is controlled via the

mouse. In the 3D Virtual World the user is ablesither perform actions that are permitted in the
Ether Electronic Institution or she can walk aroundthe world and enter one of the three
buildings.

The user can enter a building by pressing a cekisynwhen standing in front of a door. The
door will open and the user can enter the buildAkg soon as the building has been entered by
the user, the Controlled Agent tries to enter thectonic Institution that is mapped onto this
building. Depending on the user’s movement witthie building, the Controlled Agent “follows
the movement” in the Electronic Institution an@$rto enter scenes and transitions.



This process is exemplified in Figure 12. Elaine hst entered the Forum building in the 3D
Virtual World and is now standing inside the builgli In order to maintain the consistent
relationship with the Ameli system, Elaine’s Collied Agent must enter the Forum Electronic
Institution. This action has been executed sucabtgsind Elaine’s agent is now also present in
the Forum Electronic Institution (1) and has erdetiee Forum Scene (2) in this Electronic
Institution.

Figure 12: The user Elaine has moved into the Fobwifding which triggered her Controlled
Agent to enter the Forum Electronic Institution

Entering a building

Inside a building, the user is able to executebileiness processes that have been defined in the
underlying Electronic Institution. In the case dietForum building, the functionalities are
defined in the Forum Electronic Institution. Acciorgl to the Electronic Institution specification,

a user is able to view threads and postings, czatenew threads and is able to post messages.

These functions are realized in the 3D Virtual Worlia a 2D forum interface. Upon
launching the interface, a request for the forupid® is sent to the user’'s Controlled Agent,
which, in turn, sends a request to therumAgent for the currently available topics. The
message is returned to the 3D Virtual World by @mtrolled Agent and the topics are listed in
the forum interface. The user is then able to beotixe topics, show the threads of a topic and



show the postings of a thread. The respective dhoegost information is also retrieved via the
user’s Controlled Agent and tlk@rumAgent . The same applies to the creation of new threads
and posts.

In Figure 13, Elaine has launched the forum int&fand is currently viewing the topic
“‘Romania” and the thread “Car rental in RomaniahieTposts of the thread are displayed in a
scrollable list. A new post can be created viatéx area at the bottom of the list. Elaine has jus
entered a new message and presses the buttonMBssage” (1). A post creation request is sent
to her Controlled Agent. The agent sends the mes§aast” to theForumAgent in the Ameli
system (2,3). The message is processed by-ahemAgent and a new post is created in the
external web forum.

Figure 13: The user Elaine is posting a messagbaenForum building, her Controlled Agent is
uttering the message in the Forum Electronic loftn

6 DISCUSSION

The presented framework utilizes ideas from difiénesearch approaches to create a new type
of interactive social community platform. A 3D Mgl World is used to overcome the lack of
human warmth and social presence which is oftengperd in traditional online e-Commerce



web sites. In a 3D Virtual World the awarenesstbkousers is more explicit and the metaphors
are more similar to the real world. These similasitmight help users to engage in conversations
and other familiar communication mechanisms, sgchestures, can be used as well.

The social presence that is established can hdlpctease the trust and loyalty of users into
the e-Commerce system. A property that is espgcalicial in e-Tourism systems where the
quality of a product cannot easily be assessed thaedcustomer needs to build up a trust
relationship to the provider. In this context, B Virtual World also enables new forms of
product presentation through the visualization gfreduct in a 3D space. This can range from
replications of hotel rooms over tourism destinagido material products such as backpacks or
camping gear. The product can be experienced ire rdepth and the customer is able to get
insights that might not have been possible witleofiresentation formats.

Electronic Institutions

The security of the system is warranted througlctEdaic Institutions. The business processes as
well as the permitted actions of all participants agorously defined and verified by Electronic
Institutions. Again, this is useful for building up trust relationship between customer and
provider and is advantageous for both parties. €hstomer can be sure that sensitive
information and money transactions are handledectyr and the provider has the guarantee that
only paid products are sold.

In the Electronic Institution software agents arsponsible to carry out defined tasks within
the limits of the formal specification. Besides rgpiresponsible for business transactions,
software agents are used to fulfill additional fuows. They carry out the tasks of information
retrieval, aggregation and presentation as welis Tarther helps to satisfy the information
demand of the customer and provides additionarinédion for making a well-grounded buying
decision.

Online Communities

The online community is a channel for the provisobrup-to date touristic information and helps
to create an active user base. One of the majareguthallenges within the project will be the
development of strategies for fostering a livelyisty and establishing a successful online
community. It is crucial to follow a certain strgjewhen developing an online community and to
know which kind of community should be established.

In the area of community research three prevalenng and conditions are defined:
Community of Practice, Community of Interest andnm@aunity of Knowledge (Lindstaedt,
1998; Lave & Wenger, 1991). In the Community of ehelst social interaction and
communication are the central aspects. In contthet,Community of Knowledge is basically
knowledge-oriented, is created within corporati@msl is not voluntary. The Community of
Practice is defined as the concept of apprentipeshiis a practice oriented consortium that
focuses on the development of knowledge and methodsolve problems based on a
communication process between apprentice, who askgestion and the supervisor who knows
the answer.



When an online tourism community follows the Comityinf Interest approach it is usually
created by individuals to share the collectiveredgés of travelling, while in the Community of
Practice approach the community is mostly busim@tisted and focuses on the provision of
knowledge. In this regard the business-initiatedrison community in Itchy Feet should be
developed using the proven concept of CommunitPraictice to fulfill the aim of developing
collective tourism knowledge. It consists of fiviegges of development as well as the promotion
of a well-running community platform (Wenger, McDweott, & Snyder, 2002).

A Community of Practice comprises of three compdtsietiomain, community and practice.
The domain is the common body of knowledge. The bes of the community agree to the
constraints of the domain, and decide which aatiziand content are relevant. The community is
comprised of the social interaction between comigumembers. The practice is defined by the
concept of apprenticeship as described before.

A Community of Practice is developed in five phadagshe first phase one or more persons
attend to a certain topic. In the second phaseb#iséc structure, the tasks and communication
channels are defined. The third phase is the maase It is characterized by the knowledge
exchange and the evaluation of the aims, taskcamnunication channels. In the fourth phase
the knowledge exchange eventually results in conitjmumembers no longer carrying out any
activities within the community. Finally, in thefth phase there is no further demand for
information and the Community of Practice ceasebdan information exchange. In order to
counteract the fourth and fifth phases a concepthe®n developed to make sustainable online
communities: Design for evolution, open a dialodnetween inside and outside perspectives,
offer different levels of participation, developthopublic and private places, focus on value,
combine familiarity and excitement and create athimy for the community (Wenger,
McDermott, & Snyder, 2002).

Technical Discussion and Opportunities for Future R esearch

The realization of the environment was started whthimplementation of the general framework
connecting arbitrary Electronic Institutions witld 3/irtual Worlds. A middleware layer had
been developed for the message exchange betwedwdhgystems and for the control of the
user’s agent. The Torque game engine was extendeashtmunicate with the middleware layer,
to observe and control the user's movements ancotdrol the visualization of autonomous
agents. Originally it was planned that the framéwisiflexible enough to support an easy change
of the 3D Virtual World. However, it turned out ththe 3D Virtual World needed more
additional functionality than we had initially thght. As we had already implemented these
features in the Torque game engine, we decidedrnoentrate on this game engine and make it
the primary 3D Virtual World for the framework.

After finishing a proof of concept implementatiohtibe general framework, we focused on e-
Tourism as specific application domain and stavt&tl the development of Itchy Feet. After a
thorough requirements analysis and design, we im@heed the domain specific data model and



the Administration Tool to manage this data. At ffaene time, the Electronic Institutions were
specified. By now the following features have beraplemented:

Tourism specific data model (e.g. including flightstels, contingents)

Administration Tool for the management of the dawadel and configuration of the
components

Specification of all Electronic Institutions

General Framework

Forum Electronic Institution (agents, visualizaticsata binding to external open
source forum)

User participation in the 3D Virtual World and imetforum

Currently we are working on the implementation feé software agents and the visualization
of the Electronic Institutions in the 3D Virtual Wa. The final application will include the
following features:

Implementation and visualization of all Electromstitutions

Users have access to all Electronic Institutiorcfiamalities in the 3D Virtual World
Product search and purchase in the 3D Virtual World

Community features — chat, profiles, instant meisgag

Support of multiple users

Visualization of travel destinations and tourisroguicts (e.g. hotel rooms)

In the process of development we encountered sesteations and problems. The Ameli
infrastructure and the Electronic Institutions Diepenent Environment (EIDE) contain some
bugs that occurred during development. The AgenlidBuhas problems with generating source
code out of an agent specification and has diffieslwith reading certain Electronic Institution
specifications correctly. Sometimes the wrong scendransition shows up when an agent's
functionality is defined. The Islander, a tool fgesify Electronic Institutions, has a saving issue
and sometimes overwrites previously defined speadifins with the current one.

The Torque game engine also turned out to be netiiggble as we had expected and contains
some restrictions. The engine only provides versiddata structures and in order to use more
sophisticated ones, the engine has to be manuatth@d and adapted. The editors are not a
separate product but are mangled into the gameneragid script code base. Thus, when custom
changes are applied to the engine or the enginpdated, the editors can be affected of these
changes and some functions may become inaccessibtbe editors even stop functioning
completely. Furthermore, it is difficult to add 3D@ntent to the world as Torque requires models
to have a certain structure that must be manuadigted in a 3D graphics application. Several
other Torque internals have complicated the devedy even further.

7 CONCLUSION

In this chapter we have presented the concept 8Dae-Business environment combining
Electronic Institutions with 3D Virtual Worlds. E&onic Institutions are used to regulate the



environment and to provide a framework for softwagents. These software agents render the
environment information rich with the ability tolct, aggregate and present dd&arthermore,
they assist the user in the 3D Virtual World, héler to understand the environment and
autonomously process tasks that the user has detetgathem. The 3D Virtual World provides
familiar surroundings for users where the same phets apply as in the real world. Social
interaction is implicitly addressed in such enviremts and the 3D Virtual World shall help to
establish a lively community.

This general framework has been applied to thadoudomain in the Itchy Feet project. The
proposed environment offers several advantages toaditional tourism information systems.
The creation of a tourism community is in line witle current trend in ICT, where customers are
using online communities to share knowledge andjeb information on travel destinations.
Furthermore, information needs are satisfied bytwsok agents that collect and present
information to the customer in the 3D Virtual Warlthe 3D presentation of products enables
customers to get better insights on the final petida feature that is especially important in the
tourism domain where products usually cannot bedes advance.

The acceptance of the developed system will bedesta usability study. For this study we
are going to create an evaluation framework fon8ual Worlds. The basic framework will be
general enough to also be used in other 3D VifMatld evaluations. A more specific version
will be created that is tailored at the tourism @mand captures domain specific properties
more accurately.
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