Trends & Confroversies

Intelligent Systems for Tourism

"|s E-Commerce Dead, Past Its Prime,
or Just Resting?”

This is the title of a recent call for
papers for the Journal of IT Theory and
Application. The special issue aims to
discuss the problems of unfulfilled busi-
ness forecasts and related stock market
plunges. However, despite these prob-
lems, online transactions are increasing—
at least in some sectors, such as the travel
and tourism industry. In fact, tourism is
the leading application in the B2C (busi-
ness-to-consumer) arena. Although the
slow economy and current political devel-
opments have negatively influenced e-
commerce, it is still flourishing in the
tourism sector.

In the first quarter of 2002, travel and
tourism accounted for a total turnover of
approximately US$7 billion—an increase
of 87 percent from the same quarter in
2001 (see www.comscore.com/news/
online_travel_g1_041602.htm). Consumers
made 46.7 million hotel reservations
worldwide in 2001, netting US$12.9 bil-
lion in revenue, according to the Hotel
Electronic Distribution Network Associa-
tion (see www.hedna.org). In addition,
32 percent of US travelers this year have
used the Internet to book travel arrange-
ments (see www.nua.com/surveys/index.
cgi?f=VS&art_id=905357908&rel=true),
and further growth is expected.
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Tourism industry features

The tourism industry has specific fea-
tures that explain its importance for eco-
nomic (regional) development and its
inclination toward IT systems.!

Tourism is a leading industry world-
wide, representing approximately 11
percent of the worldwide GDP (accord-
ing to the World Travel & Tourism Coun-
cil's tourism satellite account method").
There will be approximately one billion
international arrivals in the year 2010
(according to the World Tourism Orga-
nization, www.world-tourism.org). Fur-
thermore, tourism represents a cross-
sector (umbrella) industry, including
many related economic sectors such as
culture, sports, and agriculture, where
over 30 different industrial components
have been identified that serve travelers.
In addition, tourism greatly influences
regional development, owing to its SME
(small- and medium-sized enterprises)
structure and relatively small entrance
barriers. For example, in the European
Union, the hotel and restaurant sector
accounts for more than 1.3 million enter-
prises. This is approximately 8.5 percent
of the total number of enterprises, and
95.5 percent of these enterprises are
small (with one to nine employees).?

Also, because tourism is based on
mobility, the supply and demand side
forms a worldwide network, where pro-
duction and distribution are based on
cooperation. In addition, it is an informa-
tion-based industry, so the tourism prod-
uct is a confidence good, where at the
moment of decision-making, only infor-
mation about the product—not the
product itself—is available.

The problem with these statistics is that
they refer to different meanings and
varying definitions of e-business and e-

commerce. Some definitions distinguish
between the two, while others view
them as the same, and all have their own
variables and measurement methods.3
Even more problematic is that the defini-
tions are all transaction- and business-
oriented. They ignore that the Web is
also a medium for creating communities,
learning new things, and having fun—
things that don’t always result in busi-
ness. The Web also encourages user inter-
action; users can build their own sites to
share their travel experiences. Thus,
another traveler—rather than hotel man-
agement or a travel agency—might pro-
vide the most valuable information about
a vacation resort.

So, where does Al come into play?

Whereas other industries have a
stronger hold on doing things tradition-
ally, the travel and tourism industry has
always been open to new technologies.
For example, back in the 1960s, airline
centralized reservation systems were
among the first worldwide computer
networks.

In addition, companies traditionally
outside the tourism field are entering
the sector, mainly from IT and media sec-
tors. Industry features (mainly that IT
and media are information-based busi-
nesses and are umbrella industries)
might explain this trend, or even the
change in consumer behavior. For exam-
ple, consumers use IT not only for infor-
mation gathering but also to order ser-
vices over the Internet. A new type of
user is emerging who doesn’t just try
one or two services but all kinds of travel
and leisure services. Such users don’t
mind becoming their own travel agents,
but given the extensive use of distri-
buted systems on the Internet, there
comes the urgent need to find, combine,
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and sift through the right pieces of
information intelligently.

Today, Al-based developments in
the field are at the forefront, such as
individualized pricing (priceline.com),
reversed multiattribute auctioning
(mytraveldream.com), recommenda-
tions in bundling products (as described
later), Semantic Web applications (Har-
monise.org), and mobile applications
(described later). In fact, IT develop-
ments and research have induced much
change in this industry. We can expect
this innovation to continue—at both
the business level (such as dynamic market
structures and prices) and the technol-
ogy level. In addition, the IT and tourism
field represents the nucleus of a new
industry that will produce new products,
skills, and jobs.

Challenges for intelligent
systems in tourism

The industry’s dominant features are
its heterogeneous and worldwide
distributed nature and its strong SME
base (especially SMEs in tourist destina-
tions). Another inherent characteristic is
mobility, where the entire tourist life
cycle is integrated with the respective
supplier processes (see Figure A).

Obviously, suppliers’ processes cross
company borders, leading to enhanced
B2BC (business-to-business and business-
to-consumer) applications, enforcing
cooperation between companies, and
supporting mobile communication with
the consumer. Given such a framework,
future systems should

¢ Be heterogeneous, distributed, and

cooperative

Enable full autonomy of the respective

participants

Support the entire consumer life cycle

and all business phases

Allow dynamic network configurations

Provide intelligence for customers and

suppliers (interfaces and tools) as well

as in the network (which would lead

to a set of different services)

Be scalable and open (with respect to

geographical and functional extension)

e Focus on mobile communication (and
the notion of ambient intelligence),
enabling multichannel distribution

Ambient intelligence, in which the sur-
roundings become the interface, is at the

Before On After
trip I::>site trip
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life cycle

Service delivery
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processes
Planning Sales  Relationship
community
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Figure A. The tourist life cycle and
suppliers’ processes.

focus of European research (see www.
cordis.lu). We can define it as the conver-
gence of ubiquitous computing and com-
munication and intelligent user-friendly
interfaces. Such systems should be
embedded, personalized, adaptive, and
anticipatory, and they should provide
access for everybody, anywhere, at any
time. Whereas today the dominant mode
of interaction is lean-forward (that is,
tense and concentrated interaction with
the computer), it will become laid-back
(relaxed and enjoyable). People should
enjoy computer interaction for travel
planning, and technology should move
to the background.

Opportunities for research

The e-tourism market’s dynamics and
the requirements of future systems
emphasize e-tourism’s importance and
raise several technical research issues:

¢ (Semantic) interoperability and medi-
ated architectures (where we can dis-
tinguish between system integration
and the semantics issue, related to the
problem of too much information)
E-business frameworks supporting
processes across organizations—
virtual organizations

Mobility and embedded intelligence
Natural multilingual interfaces (also
novel interface technologies)
Personalization and context-based
services

Information-to-knowledge transfor-
mations—data mining and knowl-
edge management

The tourism domain is also an excellent
example of the trend toward person-
alized services and a complex market
mechanism. It reflects users becoming a
part of product creation. So, researchers
must also study nontechnical issues
related to markets and users, such as

¢ Dynamic market and network structures

e Pricing and market design

e Design and experimenting business
models

e User decision modeling and usage
analysis

These research issues underline the
importance of an interdisciplinary
approach. Many different disciplines
should contribute, including computer
science, management science, economics,
law, statistics, sociology, and psychology.

In this issue

The following essays tackle some of
these thorny issues and stress the need to
provide a holistic approach. For instance,
recommender systems that simply pro-
pose itineraries without considering
the trust a user must invest will fail.
Francesco Ricci elaborates, arguing that
recommender systems should not only fil-
ter information but also offer completely
new suggestions. Analogously, Alexander
Zipf discusses how location-based services
for tourists must go beyond adding a
geographical parameter to some data-
base query. They must consider the per-
sonal context to provide an adequate
location-based adaptation to maps, itin-
eraries, or products. Furthermore, sup-
porting the user requires providing a
globally coherent view of tourism services
(Ulrike Gretzel and Daniel R. Fesenmaier
provide a general analysis of this topic,
and Cécile Paris offers a concrete pro-
posal). Finally, Craig Knoblock points out
that users want not only advanced plan-
ning but also a system that will take care
of their itineraries before, during, and
after their travels.

—Steffen Staab and Hannes Werthner
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Travel Recommender Systems
Francesco Ricci, eCommerce and Tourism
Research Laboratory

Recommender systems are commonly
defined as applications that e-commerce
sites exploit to suggest products and provide
consumers with information to facilitate
their decision-making processes.! They
implicitly assume that we can map user
needs and constraints, through appropriate
recommendation algorithms, and convert
them into product selections using knowl-
edge compiled into the intelligent recom-
mender. Knowledge is extracted from
either domain experts (content- or knowl-
edge-based approaches) or extensive logs
of previous purchases (collaborative-based
approaches). Furthermore, the interaction
process, which turns needs into products, is
presented to the user with a rationale that

(Proc. ECWEB-DEXA), Springer-Verlag,
New York, 2001.

Hannes Werthner is head of the eCommerce
and Tourism Research Lab at the IRST Research
Center, a professor at the University of Trento,
and founder of the eCommerce Competence
Center in Vienna. His research activities cover
decision support systems, simulation, artificial
intelligence, and Internet-based information

depends on the underlying recommenda-
tion technology and algorithms. For exam-
ple, if the system funnels the behavior of
other users in the recommendation, it
explicitly shows reviews of the selected
products or quotes from a similar user.

Recommender systems are now a popular
research area® and are increasingly used by
e-commerce sites.! For travel and tourism,’
the two most successful recommender
system technologies (see Figure 1) are
Triplehop’s TripMatcher (used by www.
ski-europe.com, among others) and Vaca-
tionCoach’s expert advice platform, Me-
Print (used by travelocity.com).

Both of these recommender systems try to
mimic the interactivity observed in traditional
counselling sessions with travel agents when
users search for advice on a possible holiday
destination. From a technical viewpoint, they
primarily use a content-based approach, in

systems, especially in the field of tourism. He
earned an MS and PhD in computer science
from the Technical University Vienna. He is a
member of the strategic advisory board for
the European research program IST, acts as the
editor in chief of the journal Information
Technology and Tourism, and is Honorary
President of the International Federation for
IT and Travel/Tourism (IFITT). Contact him at
werthner@itc.it.

which the user expresses needs, benefits,
and constraints using the offered language
(attributes). The system then matches the
user preferences with items in a catalog of
destinations (described with the same lang-
uage). VacationCoach exploits user profiling
by explicitly asking the user to classify him-
self or herself in one profile (for example, as
a “culture creature,” “beach bum,” or “trail
trekker”), which induces implicit needs that
the user doesn’t provide. The user can even
input precise profile information by complet-
ing the appropriate form.

TripleHop’s matching engine uses a
more sophisticated approach to reduce
user input. It guesses importance of attri-
butes that the user does not explicitly men-
tion. It then combines statistics on past user
queries with a prediction computed as a
weighted average of importance assigned
by similar users.*
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Figure 1. (a) Ski-Europe and (b) Travelocity destination recommendation tools.
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Caveats and limitations

Neither system supports the user in build-
ing a “user defined” trip, consisting of one
or more locations to visit, accommodations,
and plans to visit additional attractions (a
museum, the theater, and so forth). Although
travel planning is a complex decision process,
these systems support only the first stage—
deciding the destination.

Researchers have proposed several
choice models,” which identify two groups
of factors that influence destination choice:
personal features and travel features. The
first group contains both socioeconomic
factors (such as age, education, and income)
and psychological and cognitive ones
(experience, personality, involvement, and
so forth). The second group might list
travel purpose, travel-party size, length of
travel, distance, and transportation mode.
These various factors affect all stages of
the traveller’s decision-making process,
which is a complex constructive activity.

Another reason why these systems focus
on destination selection relates to the filter-
ing (content-based) approach. Even if we
could apply the same filtering technology to
other tourism objects, such as cruises, the
system would have to describe a catalog of
cruises—that is, build a catalog using a
selected set of features (decision variables).
The approach does not scale unless we pur-
sue a costly knowledge-engineering activity
for each product type. So, these systems
must have a particular catalog—in this case,
a catalog of destinations—which requires
extensive domain knowledge and must be
built for the particular application. Currently,
the focus is on destinations because they are
rather stable, reusable concepts (many rec-
ommender systems can exploit the same des-
tinations knowledge base).

Pure collaborative filtering approaches
do not suffer from this problem, but, unfor-
tunately, we cannot readily implement them
in the travel domain. The major issue is the
complexity of travel objects; we can’t sim-
plify a trip to the point where two travellers’
trips are the same. Surely two people have
bought the same book, but it is less likely
that two people have experienced the same
trip. This points to a basic requirement of
CF approaches: one user’s purchase history
must be comparable to that of another. Thus,
one user’s travel list must somehow overlap
that of another user. One approach could be
to simplify the travel description to a certain
point—for instance, representing just the

Recommendation path

Rationale

Suggestion path

Figure 2. Recommendation and
suggestion paths.

destination—but then we will discover that
the already visited destinations are insuffi-
cient to predict the next one. Additional con-
text information must be included, so we
must query the user about the content of his
or her trip. Hybrid approaches that combine
content- and collaborative-based approaches
will more likely succeed.®

Broadening the scope

Going back to the basic recommendation
process (moving from needs to products
with explanations), this apparently linear
process is far from being straightforward in
the real world.

Catching user needs and decision styles

Recommender systems struggle to catch
user needs, and companies have imple-
mented different approaches to tackle this
issue. Amazon.com, for instance, immedi-
ately recognizes the user’s identity and rec-
ommends a book, without asking for any
user input. In contrast (similar to the two
travel recommender systems mentioned
earlier), www.activebuyersguide.com in-
volves a user searching for a vacation in a
multistage interaction. First, the site asks
about the vacation’s general characteristics
(type of vacation, activities, accommoda-
tion, and so forth). Second, it asks for details
related to these characteristics, then for
tradeoffs between characteristics. Finally,
it recommends destinations. Both approaches
have drawbacks, but an adaptive approach,
where questions are fine-tuned as the
human-machine interaction unfolds, has
more potential.

Researchers have recently argued that
recommender systems should support mul-
tiple decision styles.’ The DieToRecs rec-

ommender (a case-based travel planning
system) supports these decision styles by
letting the user enter the system through
three main doors: iterative single-item
selection, complete travel selection, and
inspiration-driven selection.

Iterative single-item selection lets the
most experienced user efficiently navigate in
the potentially overwhelming information
space. The user can select whatever products
he or she likes and in the preferred order,
using the selections done up to a certain
point (and in the past) to personalize the next
stage. For example, if the user selects a par-
ticular destination, that destination is used to
recommend a particular accommodation.

Complete travel selection lets the user
select a personalized travel plan that bun-
dles items available in the catalog. The per-
sonalized plan is constructed “reusing” the
structure of travels built by other users in
similar sessions.

Inspiration-driven selection lets the user
choose a complete trip by means of a sim-
pler user interface (icon based) and an inter-
action that is as short as possible. The tech-
nology behind this approach is provided by
integrating case-based reasoning with inter-
active query refinement. Interactive query
refinement allows a more flexible dialogue
management—the system tackles failures
due to over- or underspecified user needs,
suggesting precise repair actions (constraint
relaxation or tightening, respectively). Case-
based reasoning provides the framework to
cast a recommendation session into a case-
and similarity-based ordering of both com-
plete trips and single products.®’

Generating recommendations

The mechanistic idea that from needs
(problems), the recommender’s intelligent
algorithm can deduce the right products
(solution) is far too simple. Marketers state
that needs can be created such that products
can be sold. This motivates the suggestion
path in Figure 2. Products shown on a Web
site can help create needs by offering exam-
ples to users who might not have enough
experience to formulate the query as the rec-
ommender system might require (see, for
example, www.activebuyersguide.com). In
other words, an effective travel recommender
system should not only notice the user’s main
needs or constraints in a top-down way but
also allow the exploration of the option space
and support the active construction of user
preferences (in a bottom-up way).
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Recent research has emphasized this
change of perspective, defining it as naviga-
tion by proposing 3 In this approach, the sys-
tem shows the user examples of products,
selected from those that the initial query
retrieved. The user can choose a product as
the current best choice, which updates the
initial query and lets the recommender iden-
tify a new set of suggestions. The relevance
feedback technique used in information
retrieval (for example, Rocchio’s method)
has influenced this approach, which basi-
cally injects new constraints or terms—
extracted from the selected item or a corre-
sponding cluster—into the original query. In
addition, the approach is conversational in
that it supports either a multistage interaction
or a dialog that interleaves needs elicitation
with products.® In multistage interaction,
example recommendations elicit user needs
by exploiting a dialog control component,
which poses only focused questions, deter-
mined by the previous interaction steps.

Speaking the right language

As I mentioned earlier, recommender sys-
tems must carefully manage the human—
machine dialogue such that even a naive user
can effectively use the system. Rephrasing a
user-centered design slogan: “Recommender
systems are about people, not machines.”
Thus, usability issues, such as choosing the
product description language, come to the
fore. For instance, asking if the user needs a
“hot shoe” or a “manual white balance” in a
digital camera could be a “hard to say” ques-
tion for a naive photographer.

A recommender system’s ultimate effective-
ness relies on its algorithms and their ability to
extract useful and novel products from the cata-
log.!” However, even if the recommendations
are useful, users will struggle if the help system
is poor, the item descriptions are too terse, or the
site navigation support is confusing. System
usability is such an important issue that even a
recommendation that is not useful but correct
(for example, a place already visited) can
increase a user’s trust in the system—a neces-
sary condition for recommendation acceptance.

Recommender systems could become
learning environments or simpler informa-
tion presentation tools, but we must design
them to support surplus learning and user
behavioral changes; again, usability comes
first. Furthermore, the interaction and inter-
face design can deeply affect the user’s
decision-making process. Different design
choices can induce distinct decision strate-

gies and influence the user’s affective state
(emotions, level of involvement, quality of
the flow experience) in peculiar ways.

Recommender systems emerged initially
as filtering tools, where the primary concern
was to discard, in a large database of prod-
ucts, items inappropriate to user needs.
Now, experiences with real recommender
systems and research prototypes show that
the user tasks and functions supported by
such systems are much more varied. We
thus should focus on new support functions
for expanding the user’s horizon.
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Adaptive context-aware
mobility support for tourists
Alexander Zipf, European Media
Laboratory

As mobile devices decrease in size,
weight, and price and increase in power,
storage, connectivity, and positioning capa-
bilities, tourists will increasingly use them
as electronic personal tour guides. However,
to make such mobile tourist services a suc-
cess, a range of factors must work together,
from technical issues (such as bandwidth,
positioning availability, and supported
interaction paradigms) to user interface and
security issues. We must also consider
issues such as the availability of accurate,
timely, and localized data, end-user costs
(business models), and trust.

Location awareness for mobile
users

Resolving these issues becomes more
urgent as time-to-market gains importance.
However, the danger exists of investing a lot
of money into solutions that tourists will
not accept. For example, many companies
have already started developing mobile city
information and navigation systems tar-
geted at tourists (in particular, during the
Universal Mobile Telecommunications Sys-
tem (UMTS) hype in Europe). These com-
panies often claim to provide personalized,
location-aware solutions, but using buzz
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words does not assure that the lessons about
personalization and context-awareness have
been thoroughly learned. Personalization
and localization are important prerequisites
for successful tourist applications, but we
must further combine them to better inte-
grate contextual information.

A common assumption is that a system
offering only the most relevant information in
a given situation (determined by place, time,
task, interests, and so forth) will be more suc-
cessful than a system offering only default
information. I argue not only that context-
aware information includes standard tourist
information (for example, on sights, hotels,
and restaurants) but also that supporting ser-
vices such as tour planning and dynamic
maps must profit from personalization and
context-awareness. So, we must develop
location-aware proactive tips or aggregated
services, such as personalized tour proposals,
that geographic information systems (GIS)
offer. This, in turn, will lead to new (user- and
context-) adaptive mobile GIS services for
tourists.

Mobile systems for tourists can strongly
benefit from the power of GIS. Information
interesting to tourists is location-dependent
by nature, and GIS can offer this datain a
location-aware way. The tourist’s position
then acts as a filter and parameter for sys-
tem queries.

In addition, location awareness is a key
factor for mobile commerce’s success,
because it can contribute to a system’s ease
of use in many ways. GIS can handle spatial
and topological queries, allowing navigation
and route finding. More advanced GIS data
models also let us store and retrieve histori-
cal information, which gives much more
power to possible queries regarding a region
or site’s development and history—knowl-
edge that an electronic tour guide should be
able to provide. Also, in many queries, the
system must handle fuzzy and user-specific
measures such as “interesting,” “ugly,” or
“within reach.”

Standard GIS functionality can imple-
ment personalization and context awareness
through adaptive map generation, personal-
ized tour proposals, or context-aware proac-
tive tips, as has been realized in several
research projects (such as Crumpet, Deep
Map, and others).

Adaptive map generation
When orienting yourself in a foreign area
or searching for some kind of business or

sight, maps are of great value. They can rep-
resent large amounts of information about
the area of interest in a single picture—in a
(potentially) easily comprehensible form.
However, to facilitate the correct reading and
understanding of a (sometimes confusing)
map, we must design it properly. This is still a
challenge for Al and smart systems, because
map design is a complex task involving cog-
nitive and psychological aspects.

‘We must properly design a map to many
factors, from technical conditions (screen
size, network bandwidth, and so forth), inter-
ests, socioeconomic parameters, and the
recipient’s cognitive abilities, to task and use
purpose (for example, if the user wants to
receive information on topographic, histori-
cal, or other thematic aspects or if the map is
solely used for navigation purposes). Obvi-

Personalizafion and localizafion
are important prerequisites for
successful fourist applications,

but we must further combine these
to better integrate contextual
informaion.

ous examples include map style, color, and
use of symbols. Furthermore, we should be
able to adapt the map’s scale, alignment, and
size according to the user’s current location,
travel method and velocity, or interests. First
attempts to model the requirements and
develop a framework for adaptive map pro-
duction are under way, but we need improve-
ments.! We have yet to formalize all parame-
ters or discover all psychological or cognitive
relationships, and known rules often contra-
dict each other. This includes contradictions
between maps needing to show the correct
geometry of objects and needing to general-
ize objects in specific scales and work with
limited displays. Oftentimes maps must
change the object’s position, change the
boundary’s appearance, and omit details.

Personalized tour proposals
A conventional tour planner computes a
path through a street network, given two or

more locations on the network. A tour pro-
posal component’s task is more complex. It
tries to suggest individual sight-seeing tours
according to the tourist. Recent develop-
ments find user-optimal tours that must
respect hard time constraints via different
heuristic approaches related to the prize-
collecting traveling salesman problem.?
Several possibilities exist for including
user interests in a tour-proposing algorithm.
First, we must identify the set of possible
attributes that could influence the choice for
a particular section of a route. Such attributes
include hard restrictions (or physically
given attributes) and dynamic and soft user-
specific parameters. Their weighting can
vary strongly from one person to another or
through time. Such parameters could include
aesthetic aspects, the area’s social milieu,
dislike of traffic, or a preference for nice
viewpoints. Such attributes are rarely avail-
able in street databases or GIS, nor are these
parameters’ dependencies modeled formally.

Context-aware proactive tips

A proactive spatial-context module gives
tips based on the user’s location and interests
regarding nearby objects of interest. Market-
ing quickly adopted this idea of pushing
location-dependent information (advertise-
ments) to users, who were not always happy
to receive this information. So, it is crucial
to integrate fine-grained user and context
models into such a service to raise accep-
tance and keep tourists from turning off
such a feature. The system must use more
than the user’s position and the location of
objects to deliver suggestions. Even resolv-
ing what “nearby” means to the user in the
current situation involves a wide range
of personal parameters and contextual
information. Parameters that might influ-
ence the definition of “nearby’” include

The user’s physical condition
Available transportation

The weather

The task

Travel speed

Familiarity with the region
The region’s structure
Terrain

In addition, we must draw the user’s atten-
tion to these nearby objects of interest non-
intrusively to help ensure acceptance. This
is a usability challenge, and we must test
and evaluate different possibilities.
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Geodata handling on mobile
devices

How do we get these services to run on
mobile devices? To move the described GIS
components from heavy servers to thin
clients, we must develop lightweight versions
of these components. The European Media
Laboratory has implemented a first prototype
providing geodata-handling-and-processing
capabilities such as topological queries (for
example, “Is it within ...?”" or “Does it inter-
sect...?”) on a PDA using a spatial access
method using an R-Tree.? Interoperability is
also important, because clients might need
to work together with different back-end
systems. So, the data model is based on an
open standard—the OpenGIS Consortium’s
Geography Markup Language. Through such
developments, we can realize future applica-
tions that might use client-side resources to
perform GIS services. This would also reduce
dependency on network availability. Next we
must consider intelligent prefetching and
caching strategies in combination with loca-
tion awareness and resource (network, CPU)
adaptivity. Further research on update and
synchronization strategies or optimized pro-
tocols for adaptive geodata transmission over
wireless networks would also be helpful.

To choose relevant information accord-
ing to interests and context, we need fine-
grained user and context models and inter-
action histories or the ability to analyze a
user’s movements. Only a few systems cur-
rently try to offer all this. We still need to
prove that the effort to collect and exploit
this information will pay off economically
and in terms of improved usability and
acceptance.

This leads to a remaining issue for adap-
tive mobile services: the availability (or lack
thereof) of appropriate (timely, correct) data
(also geodata) with appropriate semantic
metadata. Usable content is generally impor-
tant—the best adaptation techniques won’t
help much if the content is insufficient. We
can view the lack of semantic understanding
as a possible threat to the success of adap-
tive location-aware systems. Although the
Semantic Web initiative is developing the
necessary technologies,* it might still be a
while before semantically enriched data is
widespread. Incorporating context is impor-
tant, but so is further researching sensors and
context data.

Finally, we can’t neglect security and pri-
vacy. Spatial privacy is a major issue for
spatially enabled tourism services, because
users usually only provide their position in
exchange for some benefit. However, local-
ization techniques now let system providers
obtain information without much user
intervention, and some party in the value
chain will always be able to track the user’s
location. This has raised the awareness of
possible fraud and created the need for
legal and technical solutions.
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Building Narrative Logic into
Tourism Information Systems
Ulrike Gretzel and Daniel R. Fesenmaier,
University of lllinois at Urbana-Champaign

Tourism is one of the top e-commerce
categories and one of the most experiential
and complex products sold online. Neither
holistic sensory experience nor complexity
lends itself to prevailing Web site design
and its underlying computing structures.
Consequently, tourism experiences are
almost exclusively captured as pieces of
information that can be described in func-

tional terms and thus easily translated into
database structures.

You would assume that the interface’s role
would be to reintegrate these information
fragments into consistent wholes; however,
online encounters of tourism information are
currently restricted to interactions with inter-
faces that more or less directly mirror the
ontology of the database systems to which
they are connected. The database principle’s
dominance in tourism information system
design becomes apparent when you look at
the search options and result displays that
these systems offer. Users typically must
express their information needs about travel
destinations (accommodation, transportation,
attractions, activities, and so forth) as highly
structured queries or choices among search
options that more or less reflect the rows and
columns in which the data is stored. Even
when systems support natural language
query, database logic still largely drives the
output’s structure. The resulting display of
bits and pieces of data in the form of item
lists or collections of hyperlinks can only
meet specific, functional information needs.
It thus fails to reflect the complexity of
tourism information’s role.

We intend to challenge the database
approach’s dominance in tourism interface
design by reflecting on its limitations in terms
of effectively conveying relevant information
about holistic vacation experiences. We sug-
gest exploring narratives as a means to orga-
nize and display tourist information in a way
that can communicate the different aspects
of tourism experiences, including sensory
and emotional components. Integrating
narrative principles should lead to tourism
information systems that can better meet a
multitude of informational needs, provide
information that more closely matches
human memory, and support tourism deci-
sion-making throughout its various stages.

Searching for tourism
experiences

It has long been recognized that experi-
ences form the tourism industry’s founda-
tion. However, experience’s role in con-
sumption (including before, during, and
after a purchase) is only now being consid-
ered for building effective marketing strate-
gies. Travel activities such as skiing, hiking,
shopping, and so forth provide the founda-
tion for travel experiences, while the tourism
industry acts as an experience facilitator. In
addition, the setting in which activities occur
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Figure 3. The sequence of travel experience.

contributes substantially to the nature of
the experience (see Figure 3). Some have
suggested that the memories stored as a
result of travel experiences are key to attract-
ing and retaining visitors. Furthermore,
researchers have argued that stories—the
prominent mechanism for communicating
experiences—provide the path through
which the tourism industry can build and
extend markets.

Marketing and tourism scholars have
argued that consumers often evaluate prod-
ucts more on experiential aspects than on
objective features such as price and avail-
ability.! So, experiential information is not
only entertaining and stimulating but also
essential to the travel decision-making
process, because it lets consumers under-
stand and evaluate aspects of the travel
product that cannot be easily described in
functional terms or expressed as monetary
values. Consequently, experiential infor-
mation responds to the need for a holistic
understanding of the specific travel experi-
ence to be evaluated.

Despite the travel decision-making
process’s sequential nature, whereby trav-
elers move step by step through a series of
hierarchically organized decision compo-
nents, the information assimilated to serve
as the basis for the various subdecisions
must eventually make sense as a whole.?
Information presented as unrelated items in
a list or under separate categories makes it
difficult for consumers to construct this
cohesive picture of a travel experience.
Furthermore, narrative situations—such as
querying family and friends or consulting a
travel agent—dominate traditional travel-
information search. These human travel
information providers typically supply con-
textual information and emphasize particu-
lar experiential aspects in a way that lets the
information seeker establish mental con-
nections among the various trip elements.

Whereas existing tourism information systems
appear to successfully provide functional
information for specific components of travel
decisions, they fail to address the need for
holistic, experiential, and conversational
ways of communicating travel information.

Database thinking in tourism
information systems

The database logic’s appeal lies in its
clarity and suitability for computational
purposes. Lev Manovich defines the data-
base as a conceptual way to represent the
world as a list of items.? Interacting with a
database is a linear experience that differs
considerably from viewing films or playing
computer games. Database records are often
displayed in arbitrary order or according to
their relevance with regard to a certain search
topic. Furthermore, interfaces following
database logics essentially communicate
information in fragmentary pieces. Although
users can make mental connections between
items that are displayed in a list, it requires
additional cognitive effort. And if the user
fails to establish connections, the number
of items that he or she can successfully
remember is rather limited. Whether these
connections are made and how they are inter-
preted remain outside the tourism informa-
tion system’s control.

A lack of interpretation of the relation-
ship between items is less problematic for
unidimensional search concepts—for exam-
ple, a search for room rates in a specific
hotel. However, tourism experiences are
typically multifaceted, and cognitively sep-
arating vacation aspects without losing
coherence and meaning is often impossible.
Searches for information on entire vacation
trips are problematic from a database per-
spective because they are open-ended,
vague, ill-defined, multidimensional, and
unconstrained. Interfaces that simply provide
access to databases, and that feature queries

and information displays modeled after
database structures, fail to acknowledge the
complexity of tourism experiences.

The issue is to create an interface that can
add relevance to the information it displays
by supporting users in their efforts to imag-
ine coherent experiences. A growing stream
of research in psychology and Al suggests
that narratives might connect seemingly
unrelated items.* Narrative interfaces can
translate the underlying database into a dif-
ferent kind of user experience that is not
only more entertaining but also more infor-
mative, because it helps the user derive con-
textual information necessary to interpret
coherent experiences.

Narrative concepts as
organizing principles

We can describe narratives as event
sequences that create a cause-and-effect
trajectory of seemingly unordered items.>-
They not only allow for meaningful con-
nections between pieces of information but
also simultaneously afford the addition of
emotional content and sensory details.
Thus, they can convey great quantities of
information, especially of experiential
nature, in a format that users can quickly
and easily assimilate.’

Recognizing the importance of narratives
for communicating tourism information is
not an issue of believing that narrative is
the only organizing principle in human
memory. Rather, it acknowledges the expe-
riential nature and complexity of vacations
and the importance of narratives as a means
of communicating tourism experiences.
Human beings can organize experience
into narratives that help them make sense
of the world.® The focus of narratives is on
meaning and relevance, not on precision.
Furthermore, narratives support mental
imagery more successfully than other text
genres.” Thus, narratives provide guidance
in terms of interpreting search results but
leave room for imagination.

Given the narrative framework’s inclu-
sive nature, the significance of restructuring
Web site visits into narrative experiences
becomes apparent from both a human—
computer interaction and a marketing per-
spective. If narratives are a closer match to
human knowledge and communication
structures in the travel domain, then they
should more effectively educate people
about fuzzy or complex travel-related situ-
ations. Also, because narratives can link

4
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items into logical and consistent wholes,
they can better represent bundles of infor-
mation in contrast to single-item concepts.
Furthermore, the inherent entertainment
value of narratives promises to engage Web
site visitors at a much higher level than
interfaces that are direct representations of
database structures. Finally, by providing a
sequential path, plot, or storyline, narrative
approaches can potentially facilitate naviga-
tion through unknown knowledge territory.

We should view the narrative concept
as an integral part of the tourism experience,
which begins with the information search
process. Thus it should be understood as an
underlying process for travel information
search rather than an imposed design princi-
ple. Its integration into Web sites in general,
and tourism information systems in particu-
lar, goes beyond adding yet another story.
The importance of narratives lies in applying
the narrative concept to both information dis-
plays and navigational space to provide
users with destination information that
affords immediate comprehension, sense-
making, and ultimately high personal rele-
vance.

Researchers have proposed alternative
strategies for integrating narrative design
concepts into tourism information systems
through the means of story matching or nar-
rative cues provided through an interactive
display.® Other domains have already used
narrative design; online gaming and social
agent development, for instance, have suc-
cessfully integrated narrative principles into
their designs. Tourism information systems
could greatly benefit from adopting the nar-
rative approaches developed in these areas.
The ultimate goal of tourism information
system design is to provide an electronic
environment that can meet all travel-related
information needs, including searches for
the purpose of satisfying hedonic needs and
the need for coherence.
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Information Delivery for
Tourism

Cécile Paris, Commonweath Scientific and
Industrial Research Organization,
Mathematical and Information Sciences,
Australia

Tourism has not escaped the information-
overload trend, and we see an increasing
number of tourism portals providing infor-
mation filtered by users’ specific requests
and preferences. The information provided
is diverse—including travel planning, route
descriptions, and advice on sites to visit—
and the filtering mechanisms often require
sophisticated strategies.

Unfortunately, this is only half of the
problem. Once collected, to facilitate under-
standing and use, the information must be
presented in a manner that is appropriate and
natural, tailored to the unique context. This
context might include the fact that users are
restricted either in their real estate (for exam-
ple, the size of their handheld devices) or
medium (for example, a phone only allows
speech). In addition, to gather information on
a topic, users typically must issue numerous
queries (about hotels, the weather, possible
activities, history, and so forth), with the best
results achieved when they know about rele-
vant Web sites and their structure.

Here, I argue that filtering is not enough
and that tailored delivery includes deliver-
ing appropriate and relevant information in
a coherent and meaningful way. Delivering
a coherent document is an effective way to
give users information they can reason
about and act on, thus potentially turning
information retrieval systems into more
powerful communication tools.

I begin by examining two approaches to
information delivery: information filtering
and natural language generation. Most
systems in the tourism domain use IF, but I
argue that coupling it with NLG will pro-
duce more coherent and relevant output.

Filtering vs. language
generation

The most common way to deliver informa-
tion responsive to users’ needs is based on
information retrieval (IR) techniques that
have an added filter. On the Web, we typi-
cally obtain a user’s information by asking
him or her to complete a form. A system then
adapts the content of the pages presented to
the user. (Similarly, when delivering infor-
mation to a user on the go, the user profile is
stored, and filtering happens given the addi-
tional location information that a GPS pro-
vides.) This type of system employs informa-
tion-filtering techniques and appends the
retrieved answers into a fixed document
structure. This approach is fairly rigid, often
does not produce a document that is coherent
as a whole, and requires the user to issue
numerous queries to satisfy his or her infor-
mation needs.

The other approach uses NLG and user-
modeling techniques to form a text by follow-
ing typical rules of discourse answering a
general-information need. These rules ensure
that the system includes and coherently orga-
nizes all relevant information. This approach
is flexible and ensures that the resulting docu-
ment is coherent and akin to a naturally occur-
ring document. Furthermore, this approach
avoids having the user issue numerous spe-
cific individual queries. However, the data
sources are often restricted to those con-
structed for the system.

In the tourism domain, where large data-
bases and documents already exist, the sec-
ond approach is unrealistic, if it requires
manually reengineering the data sources.
Thus, the IR approach is typically the one
adopted. However, delivery would be more
useful if the resulting output were organized
coherently. In the tourism domain, such a
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document could be a travel guide. Indeed,
simply providing a list of items (for exam-
ple, as the output of a retrieval engine), in
no natural order—or at least, not in an order
that makes sense to a user—and requiring
the user to issue a number of queries, is not
enough. This is true even if items have been
filtered to consider a user’s profile.

Achieving coherence

In our work at CSIRO, we have followed
this approach, coupling NGL techniques
with IR. Given a discourse goal that repre-
sents a desired effect on the user’s mental
state and knowledge (such as to familiarize
the user with his or her travel location), our
system—the Virtual Document Planner
(VDP)! and Tiddler, its application to the
tourism domain?>—explicitly plans a text.
Tiddler obtains relevant information from
heterogeneous data sources, on the basis of
its discourse rules and constrained by the
user model. Tiddler also organizes the
retrieved information as a coherent whole,
potentially synthesizing it when required.

The system achieves coherence by exploit-
ing coherence relations representing how sec-
tions of text relate to each other. We use
Rhetorical Structure Theory, which lends
itself to computational planning and has been
used in many generation and multimedia sys-
tems.>~7 Our text planner uses a library of dis-
course plans, indicating how to achieve a dis-
course (or communicative) goal.’ Such a
planner selects, synthesizes, and assembles
only relevant content for the user and coher-
ently presents the information. Typical of
this approach, 330 the discourse plans are
designed on the basis of a corpus analysis
and, in this domain, represent a travel guide’s
prototypical structure and contain the infor-
mation typically included in a travel guide.
Documents produced by following these
plans thus resemble a travel guide, with tai-
lored information based on the user model.

Complementary to discourse planning is
the problem of pulling out bits of informa-
tion from various sources and combining
them to form a valid document. Instead of
manually building the knowledge base, as
generation-based approaches often do,>> or
automatically building the knowledge
bases from other sources,® we use IR tech-
niques to retrieve information from hetero-
geneous databases and Web pages. In par-
ticular, we use Norfolk, a scripting language
developed for synthesizing virtual docu-
ments from databases and existing Web

pages.”!? Norfolk constitutes the interface
between the discourse planner and the data
sources, retrieving the information the dis-
course component requests and pulling it
together, forming XML fragments.

Coupling an NLG approach to an IR sys-
tem has several advantages. First, the out-
put’s overall organization and content is
coherent, reflecting naturally occurring
documents and discourse. This output is
thus more natural to the reader. Indeed,
Tiddler produces a (tailored) travel guide
that looks like traditional guides and that
users can take along or use as a starting
point to get additional information. This
provides more effective output than merely
filtering information.

Second, our architecture is such that the

Coupling an NLG approach to an IR
system has several advanages.
First, the oufput's overall

organization and content is
coherent, reflecting naturally
occurring documents and discourse.

tailored guide’s overall organization and
content is constant regardless of the deliv-
ery medium. We achieve this by decou-
pling the content and organization planning
from the presentation planning, the stage at
which the medium is considered. It ensures
that, should users choose a different medium
as they move from one setting to another
(such as from a desktop to a handheld
device), the information is still accessible
and easy to browse.'!

Third, the system can participate in a
meaningful and natural interaction (or dia-
log) with the user, because it understands
what it produces and can reason about the
user’s further requests, in the context of the
current discourse. It achieves this by keeping a
discourse tree at the end of the planning
process. This intermediate structure repre-
sents the document content and contains the
intermediate discourse goals and the coher-
ence relations that hold among them.

Fourth, the system pulls together infor-

mation addressing the user’s information
need, as opposed to answering specific
queries. This alleviates the need for the
user to issue numerous queries.

Although the results of our initial evalua-
tions were not statistically significant owing
to a lack of participants, they indicated that,
as a whole, users prefer tailored documents.?
‘We have had difficulty, however, proving that
tailoring is a more effective communication
tool using quantitative measures reflecting
actions (for example, did the users use the
information?) as opposed to qualitative mea-
sures reflecting user judgment (did the users
find the output relevant?). Effectiveness is
much harder to test than, for example, preci-
sion, recall, or readability, because it requires
atask’s context. In turn, the tourism domain
(and many others) requires that we track
numerous participants over an extended time
period. These conditions are difficult (and
costly) to satisfy.

We also must acknowledge concerns
about systems that tailor (or filter) informa-
tion. First, can someone hijack the technol-
ogy and turn it into a marketing trick? There
is a delicate balance between providing rel-
evant information and pushing a company’s
product. Similarly, the goals of providing
the user with useful information and appro-
priately highlighting a product or service
provide conflicting constraints for system
implementation. Having the latter override
the former will likely annoy users and push
them to stop using the system.

A similar concern can be raised regard-
ing coherence and the discourse strategies I
discussed: a discourse goal might be to
convince the user of something, thus influ-
encing the user’s opinion. Furthermore, tai-
loring information to a user model might
be too prescriptive and restrictive, prevent-
ing serendipity. It is still possible, however,
to develop mechanisms that allow for an
element of surprise or that let users bypass
the tailored information. Finally, user pri-
vacy is an important issue, with systems
storing user information.
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Agents for Gathering,
Integrating, and Monitoring
Information for Travel
Planning

Craig Knoblock, University of Southern
California

The standard approach to planning busi-
ness trips is to select the flights, reserve a
hotel, and possibly reserve a car. Choosing
the airports, deciding whether to park at the
airport or take a taxi, and deciding whether
to rent a car are often ad hoc decisions based
on past experience. The time and effort re-
quired to make more informed decisions
usually outweighs the cost. Similarly, once
we’ve planned a trip, many of us forget
about it until a few hours before the flight.
We might check the status of our flights or
use a service that automatically sends up-
dated flight information, but other than
that, most of us cope with problems as they
arise. Beyond flight delays and cancel-
lations, there are a variety of possible events
that travelers would like to anticipate, but
again, the cost and effort required to moni-
tor these events are not usually deemed
worth the trouble. Schedules can change,
prices can decrease after purchasing a
ticket (if a ticket price goes down, many
tickets can be returned and repurchased for
a small fee), flight delays can result in
missed connections, and hotel rooms and
rental cars can be given away because a
traveler arrives late.

To address these issues, at USC we
developed the Travel Assistant,! an inte-
grated travel planning and monitoring sys-
tem. This system provides an interactive
approach to making travel plans where all
the information required to make informed
choices is available to the user. For exam-
ple, if the user is deciding whether to park
at the airport or take a taxi, the system com-
pares the cost of parking and the cost of a
taxi given the choice of airport, the selected
parking lot, and the traveler’s starting loca-
tion. Likewise, when the user is deciding
which airport to fly into, the system not
only provides the cost of the flights but also
determines the cost of ground transporta-
tion at the destination. Once a traveler has
planned a trip, the system monitors various
aspects of the trip using a set of infor-
mation agents that can attend to details for
which it would be impractical for a human
assistant to monitor. For example, beyond
simply notifying a traveler of flight delays,

an agent also sends faxes to the hotel and
car rental agencies to notify them of a
delay and ensure that the room and car will
be available. Likewise, when a traveler
arrives in a city for a connecting flight, an
agent notifies the traveler of any earlier
connecting flights and provides the flights’
arrival and departure gates.

These innovations in travel planning
and monitoring are made possible by two
underlying Al technologies. The first is the
Heracles interactive constraint-based plan-
ner,” which captures the interrelationships
of the data and user choices using a set of
constraint rules. Using Heracles, we can
easily define a system for interactively
planning a trip. The second is the Theseus
information-agent execution system,>*
which facilitates the rapid creation of effi-
cient information gathering and monitoring
agents. These agents provide data to Hera-
cles and keep track of information changes
relevant to the travel plans. On the basis of
these technologies, we have developed a
complete end-to-end travel planning and
monitoring system that is in use today.

Should I drive or take a taxi?
Heracles integrates a wide variety of
travel-related data from Web sources to
provide the data that users need to plan
their trips. It uses information agents
(described later) to provide real-time
access to any of the online sources related
to travel. The system starts by checking a
traveler’s calendar to identify upcoming
trips. The user then selects a trip, and the
system interactively helps the user plan the
trip, providing the choices of flights, hotels,
ground transportation and so forth. For
each decision, the system makes a recom-
mendation that the user then selects or
overrides. Relationships about the different
choices are made explicit using constraints
such that choices in one part of a plan are
immediately reflected in other parts. For
example, if the traveler decides to depart
from Long Beach Airport instead of Los
Angeles International Airport, then the sys-
tem would immediately retrieve new direc-
tions to the airport and update when the
traveler should leave his or her house on
the basis of both the distance and updated
flight time. Figure 4 shows the initial infor-
mation about driving to the airport and the
result of changing to a different airport.
The propagation of updates occurs automa-
tically as part of the constraint network.
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Figure 4. Choices are propagated during the planning process.

Consider the choice of parking your car
at the airport or taking a taxi. The appropri-
ate choice depends on a variety of factors,
and most people make suboptimal decisions

’ Round Trip Flights
S e ]
Wl T [
@_ Tﬂxi Dueparts Los .Anleles. LA n! il
e R e ‘525 Taxi
o wnsl UL foulles, |
. Sy, Sl
L. 700 Uni ily Park L1
Hrice From - e
S s o o aw O m
rivimy  Tu o sy 102 neiving Tn s Ayl
iLy
il Airlira Flight 4
: rllnht I il [,
Suauested - - - E o 3 - @ I
TeburiLl Ay faar Diepart fimye BRERE mrinkh frRar
::;i:lmd |"" | |:"" | |2"'“2 | |1":55P" | Predicted |.l|lr | |m | |zonz | ||:|:|:5n pM |
Arrival
fanth Ly ezn i) i Murih Dury Yar Tl
Tazi tae N "
Tt pive (127 E C [z Totl Drive 3 v .
Dasfat i His Mirie. Pl Hre.d 18
aﬂoh T . Tl Gl Pk [Fascor, rgameol
VW shinggan. =
4 i -
Santaus ik Jare | &
9{','-'”“" Linicher [ “dage
1]
; | = -z
‘%ﬁ 'E };ﬁ Lot Park| I :‘
e ,,.g_l i Pk »
& PO e L 3 d;
Maps i 1EEE bl Maps
[* ) Hrde P e e iy = 'F" Qcmnw 5
- B
o | g =
o £3.,8) :—.“"z:;; £
£z S vt
o i | WV Cenliky Bl F4
BT, e
by E HEE
Al ] 5 [ Wimpcril Hey ! !vmn!mm.
2002 Yahol e 1052 Havigatien Tacansisas (TR -] |M12002 Yahoo! e D003 Navigmion Tochnsis

based on simple heuristics. Figure 5 shows
an example constraint network for making
these types of decisions, where the system
calculates the total cost of parking your car,

Mar 15,2001
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Mar 18,2001
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\

computeDuration

Duration

multiply

ParkingTotal

DestinationAddress

OriginAddress

FindClosestAirport

DepartureAirport

getParkingRate

ParkingRate

selectModeToAirport

ModeToAirport

getDistance

Distance

getTaxiFare

TaxiFare

$16.00/day

Figure 5. The constraint network for comparing taking a taxi versus driving.

based on the selected parking lot and the
number of days you will be gone, and com-
pares this to the cost of taking a taxi, which
depends on the distance and taxi rate.
Instead of simply guessing about these
types of choices, the system can carefully
evaluate them and make a recommendation,
which the user can still override.

Besides integrating the data to help users
evaluate tradeoffs, the system also makes
more information available directly to the
user. For example, instead of simply choos-
ing arbitrarily between two flights, the sys-
tem can tell the user the types of plane, how
the seats are configured, and the flight’s on-
time performance. If the system has access to
the user’s frequent flier accounts, it can even
tell the user which airline to fly to accumu-
late enough miles to qualify for a free ticket.
All of this information is organized into the
constraint network to give users the informa-
tion they need to make informed decisions to
plan their trips.

You gave away my room but
charged my card?
The Travel Assistant uses information
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Table 1. Actual messages monitoring agents send.

Agent Message type

Flight status Flight delayed

Flight status Flight cancelled

Flight status Fax to a hotel

Airfare Airfare dropped

Earlier flight Earlier flights

agents to support both planning and moni-
toring. Although information agents are sim-
ilar to other types of software agents, their
plans are distinguished by a focus on gather-
ing, integrating, and monitoring data from
distributed and remote sources. To efficiently
perform these tasks, we use Theseus.

Theseus provides a framework for the
efficiently executing these agents. The sys-
tem is based on a streaming dataflow
model, which means it executes the agent’s
operations as information streams into the
system. This is critical in a networked envi-
ronment, where the main delay in execut-
ing an agent is waiting for information
from remote sources. A dataflow system
maximizes the operations’ parallelism by
executing as many of the actions as possi-
ble in parallel. A streaming dataflow
system sends results from one action (for
the next action to process) even before the
first action has completed. By exploiting
these two types of parallelism, the system
issues information requests as early as pos-
sible to minimize the execution time.

There are two types of agents written in
Theseus: information agents and monitor-
ing agents. Information agents provide all
the data needed in Heracles. Each informa-
tion agent extracts information from a spe-
cific Web site. These agents take a particu-
lar information request and navigate to the
appropriate page on a Web site, locate the
required information, and return it as an
XML document for processing by another
agent or application. We build agents for
extracting data from Web sites using
machine-learning techniques to train an
agent by example on which information to
extract from a given Web site.>0

The monitoring agents are built on top of

Message text

Your United Airlines flight 190 has been delayed. It was originally scheduled to
depart at 11:45 AM and is now scheduled to depart at 12:30 PM. The new arrival

time is 7:59 PM.

Your Delta Air Lines flight 200 has been cancelled.

Attention: Registration Desk. | am sending this message on behalf of David
Pynadath, who has a reservation at your hotel. David Pynadath is on United
Airlines 190, which is now scheduled to arrive at IAD at 7:59 PM. Since the flight
will be arriving late, | would like to request that you indicate this in the reservation

so that the room is not given away.

The airfare for your American Airlines itinerary (IAD - LAX) dropped to $281.

The status of your currently scheduled flight is: # 190 LAX (11:45 AM)-IAD
(7:29 PM) 45 minutes late. The following United Airlines flight arrives earlier
than your flight: # 946 LAX (8:31 AM)-IAD (3:35 PM) 11 minutes late.

the information agents and perform their
tasks at regular intervals. Table 1 shows a set
of example messages from the monitoring
agents in the Travel Assistant. These agents
often must maintain state to keep track of
previously returned results. For example, to
track prices or schedule changes, the agents
must know about previous prices and sched-
ules. The monitoring agents also need to
communicate with people, so they support
the ability to send email, text messages, or
faxes. For example, as Table 1 shows, when
a flight is delayed or will arrive after 5 pm,
an agent sends a fax to a hotel to ensure it
doesn’t give away the hotel room.

Isn’t this being done
commercially?

Most commercial systems for travel plan-
ning take the traditional approach of provid-
ing tools for selecting flights, hotels, and car
rentals in separate steps. There are two inte-
grated approaches to this problem. The first
is a system called MyTrip from XTRA On-
line. On the basis of personal calendar infor-
mation, the system automatically produces a
complete plan that includes the flights, hotel,
and car rental. Once it has produced a plan,
the user can then edit the system’s individual
selections. Unlike with the Travel Assistant,
the user cannot interactively modify the plan,
such as constraining the airlines or departure
airports. Also, MyTrip is limited to only the
selection of flights, hotels, and car rentals.

The second approach, which i:FAO
Switzerland is commercially developing,
uses constraint satisfaction to find a complete
itinerary.” However, this system assumes
that all the relevant data has already been
retrieved before the constraint satisfaction
process and does not address how to inter-

leave information gathering with constraint
satisfaction to handle the enormous amount
of potentially relevant information.

For monitoring a trip, some commercial
systems (such as the one run by United Air-
lines) provide basic flight status and notifica-
tion. However, these systems do not actually
track changes in the flight status (they merely
notify passengers a fixed number of hours
before flights), and they do not notify hotels
about flight delays or suggest earlier flights or
better connections when unexpected events
occur (such as bad weather).

While the Travel Assistant provides

a useful set of functionalities, we could
improve it in many ways. First, a natural
extension would be to more tightly integrate
the monitoring and planning capabilities, so
that when a flight is cancelled or delayed
the system would automatically provide an
alternate travel plan. Another limitation is
that the set of monitoring tasks are fixed by
the system builders. We are working on the
Agent Wizard, which is a user interface that
would let an end user specify his or her own
agents. For example, a user might want to
specify an agent that monitors the FAA site
and sends notification whenever there is
more than a 30-minute flight delay in the
user’s connecting city so that he or she
could consider alternate routes. Or another
user might want to define an agent that
records real-time flight data every five min-
utes for a user’s flight to build a detailed
map of the actual flight path. With the huge
amount of information available on the
Web, there is no end to the set of monitor-
ing agents that users could specify. &
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