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Abstract
Due to the inherent complexity of building highly-interactive and personalized web
applications, the development of a web-based travel advisory system can be a costly and timeconsuming task. We see this as one of the major obstacles to a more widespread adoption of
such systems in particular with respect to small and medium-sized companies and e-Tourism
platforms. The goal of the ADVISOR SUITE project discussed in this paper is thus to provide
an off-the-shelf framework and development environment that allows us to build intelligent and
easy-to-maintain advisory applications in a cost-efficient way: The main pillars of the presented
system are therefore an integrated graphical modelling-environment, the provision of different
domain-independent recommendation algorithms, as well as model-based mechanisms to fully
generate functional web applications based on declarative definitions in a central knowledge
repository. The paper discusses the core concepts and main functionalities of the system by
means of an example of an interactive travel advisor developed for an Austrian spa resort.
Keywords: Recommendation system, interactive travel advisory, consumer decision support
systems.

1 Introduction
According to a variety of recent studies (e.g. European Travel Commission – ETC) at
least in Western countries the Web is the primary source of information for people
when searching for suitable travel destinations or planning a trip. In addition, these

studies show that also the share of people that actually book their arrangements via
the online channel is constantly taking up. In parallel, the number and variety of
information offerings on the Web is also growing, which increases consumer
confusion. Thus, it is becoming increasingly important for platform providers to
differentiate among each other and come up with value-adding (electronic) services to
turn lookers into bookers. Recommender systems can be seen as one of these services
as they have proven to be a valuable means to help online customers to overcome
information overload and to support them in the decision-making process. Thus, such
systems are supposed to play a vital role in current and future e-tourism (see, e.g.
Werthner, 2003; Ricci & del Missier, 2004).
However, developing recommender applications and fielding them successfully is a
challenging task, in particular w.r.t. small and medium-sized companies and platform
providers: On the one hand, established collaborative-filtering based approaches can
be quickly deployed but require the existence of a relatively large user community
and suffer from cold-start problems. Conversational and knowledge-based approaches
on the other hand typically help us to overcome and minimize these ramp-up
problems as they base their recommendations - at least partially - on general domain
knowledge. However, the development of such a knowledge-based system may
induce significant costs for initial knowledge acquisition as well as for application
maintenance. Furthermore, the development of a conversational user interface
(Bridge, 2004; Carenini et al., 2003; Thompson et al., 2004) that aims at simulating
the behaviour of an experienced sales agent or travel assistant by leading a
personalized dialog with the customer is a cost-intensive task.
The ADVISOR SUITE system discussed in this paper has been designed with the goal of
providing an off-the-shelf software system for the cost-efficient development of such
advanced, conversational recommender systems. The key contributions lie in the
provisioning of a graphical modelling environment for such knowledge-intensive
applications, mechanisms for the automated generation of functional web
applications, as well as in establishing a more comprehensive approach to product
recommendation ('advisory'): The task of virtual advisor built with the system shall
thus not be limited to retrieving a suitable set of products for a given set of customer
requirements, it shall for instance also be able to elicit the real customer requirements
in a personalized way, be capable of explaining the proposal, finding alternatives,
explaining differences and similarities between products, or providing additional help
and guidance depending on the user's background.
In the paper we will first give an overview of a deployed application in the e-tourism
domain (a virtual advisor developed for an Austrian spa resort) and will subsequently
discuss on the system's architecture and the design rationale behind selected

components. The paper finishes with a discussion of experiences gained from several
projects and gives an outlook on future work.

2 VIBE – The virtual spa advisor
The Warmbad-Villach resort is one of Austria’s most renowned spas offering a
variety of different tourism products that ranges from hotel accommodation in four
and five-star categories, a variety of recreational and sporting facilities to health and
beauty therapies. Being part of the resort's Web portal, the goal of the virtual advisor
VIBE (signifying the name of an ancient goddess of fonts) in that context is to
welcome online visitors and provide them a single point of contact for multi-lingual
guidance and preference elicitation.

Fig. 1: Virtual advisor screenshot1
Fig. 1 depicts an exemplary screenshot of the application and gives an impression of
the basic question/answer communication style of ADVISOR SUITE: Rather than
allowing free-text interaction or using static fill-out forms, the virtual advisor guides
the online user through a personalized series of questions in which the customer
preferences are incrementally elicited; depending on the current situation, the advisor
will also provide additional explanations or give situation-dependent hints and tips.
At the end of the dialog or when the user decides to have provided enough details,
VIBE comes up with suitable recommendations (Fig. 2) which also include a
personalized list of supplementary add-on packages as well as additional information
and explanations which are again based on the customer's preferences.
1

The virtual advisor can be reached via http://www.warmbad.at.

Fig. 2: VIBE's personalized recommendation

3 Application development with ADVISOR SUITE
In order to build an interactive, personalized advisory service like VIBE, background
knowledge has to be elicited from domain experts and formalized in the system.
Moreover, the development of a highly-adaptive and maintainable user interface,
which reflects the underlying personalization knowledge, can also be a challenging
task due to the typically strong interdependencies between recommendation-,
personalization-, and presentation logic. ADVISOR SUITE's model-driven development
process thus aims at minimizing the costs associated with the construction of such
applications (Fig. 1): All of the required knowledge, i.e., both the recommendationand personalization knowledge can be modeled and maintained with the help of a
user-oriented, graphical modeling environment and are stored in a central, declarative
knowledge base. A novel template-mechanism and a GUI-generation module are
subsequently used to compile a working web application from these definitions;
layout changes can be done by a Web developer whose typical task is to adapt the
appearance of the application to be coherent with the layout of the e-Tourism
platform2. At run-time, an intelligent domain-independent personalization agent
evaluates the content of the knowledge base and manages the interaction with the
individual users accordingly. Personalization itself is implemented based on a rulebased approach as described for instance in (Ardissono et al., 2003); however, the
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For technical details of the implementation and underlying methodology and
framework, see for instance (Jannach & Kreutler, 2004) and (Felfernig et al., 2006).

scope of personalization is much broader here and allows for personalization in
various dimensions: content, dialog, and presentation (Jannach & Kreutler, 2005).
Within the application-modelling phase, the following different pieces of knowledge
(models) have to be designed: The product model, which is developed in the first
phase, comprises the characteristics of the offered products and services. In the
tourism domain, the product model typically comprises a service identifier, prices,
availability dates, and so forth. Note that this initial phase is in most cases straight
forward, as data about products and services already exists in some electronic form.
Developing a customer model in the next phase is not that easy anymore, as the
domain expert already has to bear in mind, which customer characteristics are of
relevance for computation of recommendations and, in addition, which questions need
to be posed in order to elicit these potentially latent preferences. The recommendation
model, in which the logic for generating actual proposals is represented, consists of
two separate sub-models: In the preference-and-filter model the relationship between
customer properties and desired product features can be expressed in terms of if-thenstyle recommendation rules like "If the customer is interested in a family vacation
with children, prefer packages that include a childcare service or a petting zoo". It is
important to note that with the help of these rules we can also devise a more
customer-oriented interaction style, i.e., the virtual advisor will rather ask the
customer about preferences and desires rather than on product or service features.
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At run-time, the system will then – based on a new matching and relaxation procedure
(Jannach, 2006) – determine those offerings that fulfil as many of the requirements as
possible; this particular techniques are also used to derive human-readable
explanations that can be presented to the user. In the utility model, finally, one can
define the rules, according to which the remaining products shall be ranked: In
ADVISOR SUITE, the ranking of products is also personalized, i.e., it depends on the
user's preferences and is based on the Multi-Attribute-Utility Theory (for more
details, see e.g., Felfernig et al., 2006).
One of the major differences between the ADVISOR SUITE system and other contentand knowledge-based approaches to product recommendation lies in the existence of
a dialog and preference-elicitation model. In this particular modelling view, the
domain expert can define how the conversation between the system and the customer
shall proceed: Here, the expert can for instance define which questions should be
asked in which order or under which circumstances additional hints and explanations
should be given to the customer. Like all other modelling views implemented by the
system, the dialog is designed on a graphical level, in that case with the help of a sort
of flowgraph-based representation. Compared with a natural-language interaction
style, the number of conversational paths is of course more restricted. On the other
hand, this restriction allows us to keep the modelling complexity at a level, which is
still manageable by a domain expert. Furthermore, this rather simple approach of
dialog modelling allows us to develop interactive recommenders whose functionality
goes far beyond what is available in current web-based recommender applications on
the Web.

4 Experiences & further directions
Experiences: Up to now, we have developed more than two dozen commercial
advisory applications for different domains with the now-commercialized ADVISOR
SUITE system. The broad spectrum of application domains besides e-tourism (from
consumer electronics over financial services to fine wine and cigars) indicates that on
the one hand our overall system design and the implemented algorithms are domainindependent and sufficiently general; on the other hand, the framework has also
proven to be flexible and extensible enough such that domain-specific extensions and
characteristics can be easily taken into account. From the perspective of time and
costs required for developing a virtual advisor and keeping it up to date, the benefits
of using the presented off-the-shelf system as opposed to creating a new solution from
scratch have also met our expectations: Quite interestingly, in most cases, the initial
sketch of the knowledge base including product data, questions, basic
recommendation rules, and a first dialog model can be already drafted already within
a first full-day workshop assuming lively participation of stakeholders. In this first

project phase, the ability to quickly generate functional prototype applications proved
to be specifically advantageous: This feature helped us on the one hand to establish a
common understanding of the projected project outcomes in the early project phases;
on the other hand, it also increased the stakeholders' involvement as they see their
suggestions and ideas to be immediately taken into account. In addition, we noticed
that the number of core recommendation rules in most domains (and also in the
travelling domain) remains at a manageable size of a few dozens; the overall costs are
mainly determined by the amount of additional information to be provided by the
system, the fine-tuning of the different personalization rules, as well as the amount of
development times required for setting up the layout or integrating external data
sources.
The design of ADVISOR SUITE's user-oriented conceptualisations and graphical
modelling tools is driven by the idea that the domain expert herself shall be able to
formalize her expert knowledge into the system. However, in most projects up to
now, the help of a knowledge engineer was required at least in the early phases or for
designing more complex business rules. After that initial phase, however, many of the
domain experts were – supported by a comprehensive test and debugging
environment (Felfernig et al., 2006) – capable to modify and update the system's
knowledge base by themselves. Although these experiences are basically
encouraging, further improvements in that direction are required and are part of our
future work.
In detail, this specific e-tourism application is characterized as follows: About thirty
possible questions have been modelled, out of which always only a personalized
subset is asked in order to keep dialog lengths at a size which is acceptable by end
users. About the same number of rules has been designed, which – together with a
specific relaxation rule for searching for suitable arrival and departure dates – were
sufficient to generate personalized recommendations. Overall, one particularity of the
domain lies in the limited number of available 'products': In the consumer electronics
domain, for instance, sometimes hundreds of different products are available, whereas
typical in this domain only a smaller number of packages is available. These
limitations could be overcome by using the relaxation mechanism described above
('near matches') together with a possibility to propose 'bundles' consisting of a basic
package and a personalized set of add-on activities and side-offers. However, a
detailed evaluation of the interaction data of currently several thousands of online
users having successfully completed the advisory dialogues has not been done yet; an
analysis in the line of (Zanker et al., 2006) is part of our current work.
Future directions: In the particular context of e-tourism applications, we see the
following extensions to our system to be highly relevant for future applications:

a) Intelligent bundling: In the current implementation of VIBE, the products to be
recommended are already bundled packages consisting of hotel accommodation, a set
of therapies and so forth. In addition to each package, VIBE also proposes a suitable
set of individual add-on services (Fig. 2), whose selection is based on rather simple
business rules. However, current trends suggest that in the future the demand for
individualized touristic arrangements will be further increasing. Thus, we are
currently implementing mechanisms that shall allow us to 'configure' and ensure the
validity of such individual combinations (Zanker et al., 2006b). As a basic mechanism
we employ a constraint-based configuration approach (see, e.g., Mailharro, 1998),
which supports more complex dependencies and bundling rules.
b) Mobile applications: VIBE is a pre-trip information and decision support tool.
However, travel advisory and recommendation could also be an added value for the
customer during and even after his or her journey: The etPlanner project (Höpken et
al., 2006), which is partially based on the ADVISOR SUITE technology, is an approach
towards more comprehensive electronic service support, which addresses issues of
'context' in the recommendation process as well as content adaptation for mobile
devices. Integration of geographical information systems will thus greatly improve the
perceived utility und quality of recommendations.
c) Data analysis: The ADVISOR SUITE system comprises a built-in logging component
which can be configured to record the full history of interactions of each individual
user, which means that ADVISOR SUITE's interaction logs are much more detailed and
structured than standard Web server logs. Thus, from such logs important types of
information about the customer and his preferences can be obtained. One can, for
instance, analyse whether there are typical customer profiles or combinations of
services which are requested by customers but are not part of any package. This
additional knowledge could be subsequently used to adapt the range of offered
services accordingly. A second type of information contained in the logs is related to
the advisory service itself and pertains to the effectiveness of the application: Typical
questions in that context are, e.g., whether the virtual advisor is a) accepted and used
by customers and b) whether the system is actually capable of influencing the buying
behaviour, which is of particular importance for determining the business value of
providing such an add-on service. Although ADVISOR SUITE in its current state
already comprises a 'statistics' module which documents the distribution of user
answers to specific questions or the ratio of successfully completed user sessions,
both further engineering as well as research are still required and part of our current
work: On the engineering side, we currently aim at integrating a data mining
component with which we can for instance detect hidden correlations between user
preferences. On the research side, we are both interested in new metrics that allow us
to, e.g., measure changes in actual sales when using such a system and on the other
hand on finding basic concepts and guiding principles that are capable of allowing

recommender systems to become an even more persuasive type of technology (Zanker
et al., 2006).
d) Self-adaptation and learning: One shortcoming of the described system compared
with other approaches to recommendation lies in the static nature of the system's
behaviour: While for instance in systems based on collaborative filtering or casebased reasoning recommendations continuously improve over time, there is up to now
no means in our system that resembles such a learning behaviour. In the context of
our system, such an improvement has to be based on advanced analysis capabilities as
described above. Currently, we work on extending our framework to accommodate
such learning behaviour by taking community ratings into account when generating
proposals. The question of how such hybrid system can be fine-tuned (e.g., balancing
the weight of a community rating vs. an expert opinion) is still in the scope of further
research.

5 Conclusions
The cost-efficient development of an interactive travel recommendation service can
be a challenging task, in particular for small and medium-sized e-tourism platforms or
service providers as standard collaborative approaches do not work well when there is
no broad user-community and on the other hand the costs and complexity of building
conversational, knowledge-based systems are comparably high. The ADVISOR SUITE
presented in this paper is thus an approach to providing an off-the-shelf software
framework for the rapid and cost-efficient development of an online pre-trip travel
advisory service, the main novelties being the model-driven development approach
and the support for the automatic generation of functional web applications. By using
an example of a commercially deployed travel advisory application for an Austrian
spa resort, we have shown how the development process is supported by the tool and
how the typical knowledge-acquisition bottleneck of knowledge-based approaches
can be overcome, when adequate modelling environments and user-oriented
conceptualisations are provided.
Our further work primarily aims at developing general methods and algorithms, with
which the information in the detailed interaction logs can be further exploited, both
for learning more about the customers as well as for improving the effectiveness of
the advisory application itself.
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