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Abstract. This chapter focuses on knowledge management for com-
plex application domains using Collaborative Multi-Expert-Systems. We
explain how different knowledge sources can be described and orga-
nized in order to be used in collaborative knowledge-based systems. We
present the docQuery system and the application domain travel medicine
to exemplify the knowledge modularization and how the distributed
knowledge sources can be dynamically accessed and finally reassembled.
Further on we present a set of properties for the classification of knowl-
edge sources and in which way these properties can be assessed.

1 Introduction

This chapter will give an introduction how Case-Based Reasoning (CBR) can be
used, among other methodologies from the field of Artificial Intelligence (AI), to
build a travel medical application. There are a high variety of Al methods and we
focus on how these methods can be combined, coordinated and further developed
to meet the requirements of an intelligent information system. We will use Infor-
mation Extraction techniques to analyze text, we have multi-agent technologies
to coordinate the different methods that are executing the retrieval and in the
following to combine the result sets. Further on we have to deal with rules and
constraints that insure correct results and since we are accessing different kinds
of knowledge sources we use XML and RDF as description languages. Within
our application CBR will be the main underlying methodology. We will explain
how travel medical case bases can be structured, how the required knowledge
can be acquired, formalized and provided, as well as how that knowledge can be
maintained.

The chapter will begin by describing Aamodt’s and Plaza’s 4R cycle [I] from
the travel medical point of view. Then it will explain how the CBR methodology
fits in the travel medical application domain. For this purpose we will present
an intelligent information system on travel medicine, called docQuery, which
is based on CBR and will serve as a running example throughout the whole
chapter.
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Following the definition and motivation of travel medicine as an application
domain, we will introduce a novel approach to CBR using a number of het-
erogeneous case bases of which each one will cover one individual field within
the general application domain. Each case base provides information that is re-
quired to compute a travel medical information leaflet and we will describe how
we manage the case bases and use them to compose such information leaflets
with regard to given constraints.

Moreover we will point out how we keep our case bases up-to-date using a
web-based community as source of information. We will further describe the
technologies we use to extract information, knowledge and experiences from the
community, formalize them and use a Case Factory for its maintenance. Addi-
tionally we describe how and in which way techniques from Machine Learning
and Information Extraction can be applied to extend a case base. The chapter
will close up with a discussion of related topics followed by a short summary and
future developments in this area.

2 Requirements of Travel Medicine as an Application
Domain

Today the World Wide Web is a widely accepted platform for communication
and the exchange of information. It does not matter where people live, to which
culture they belong or of which background they are - web communities can
be used from anywhere and by anyone. Especially in discussion forums a lot of
topics are reviewed and experiences are shared. Unfortunately, much information
gets lost in discussion boards or web pages caused by the quantity and variety
of different web communities. Hence it is hard to find detailed information, since
the topic of a discussion is often not clear and a wide range of expressions are
used. Furthermore the users do not know enough about the authors and their
background to ensure a high quality of information.

2.1 Motivation

Nowadays it is easier than ever to travel to different places, experience new
cultures and get to know new people. In preparation for a healthy journey it is
important to get a high quality and reliable answer on travel medicine issues.
Both layman and experts should get information they need and, in particular,
they understand. For that reason the idea of docQuery - a medical information
system for travelers - has been developed.

docQuery provides information for travelers and physicians (those who are
no experts in the field of travel medicine) by travel medicine experts and also
gives an opportunity to share information and ensures a high quality because it
is maintained by experts. Furthermore it will rise to the challenge of advancing
the community alongside their users. User can obtain detailed information for
their journey by providing the key data on their journey (like travel period,
destination, age(s) of traveler(s), activities, etc.) and the docQuery system will
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prepare an information leaflet the traveler can take to his general practitioner to
discuss the planned journey. The leaflet will contain all the information needed
to be prepared and provide detailed information if they are required. In the event
that docQuery cannot answer the traveler’s question, the request will be sent
to experts who will answer it. Further on, those information will not only be
provided to the user, it will also be included in the docQuery case base so it will
be available for future requests.

The information contained in docQuery will be processed using several meth-
ods from the field of artificial intelligence, especially CBR. Both existing knowl-
edge about countries, diseases, prevention, etc. and experiences of travelers and
physicians will be integrated and aid in further advancing docQuery’s knowledge
base. docQuery will provide information for travel medicine prevention work and
can be used by:

— Physicians, who are advising their patients
— Physicians, who provide their knowledge
— Travelers who plan a journey and look for information about their destination

Because of docQuery’s individual query processing and information leaflet
assembling, the system is able to adapt to different target audiences.

2.2 Travel Medicine

Travel medicine is an interdisciplinary medical field that covers many medical
areas and combines them with further information about the destination, the
activities planned and additional conditions which also have to be considered
when giving medical advise to a traveler. Travel medicine starts when a person
moves from one place to another by any mode of transportation and stops after
returning home without diseases or infections. In case a traveler gets sick after a
journey a travel medicine consultation might also be required. A typical travel
medical application could be a German family who wants to spend their Easter
holidays diving in Alor to dive and afterward they will travel around Bali by
car. In case a traveler gets sick after a journey a travel medicine consultation
might also be required. First of all we will focus on prevention work, followed by
information provision during a journey and information for diseased returnees.
Since there are currently no sources on medical information on the World Wide
Web that are authorized by physicians and/or experts, we aim at filling this gap
by providing trustworthy travel medical information for everybody.

mediSco is a team of certified doctors of medicine from Furopean countries
with a strong background in tourism related medicine, e.g. tropical medicine,
and will support docQuery by providing travel medical information and assist-
ing the modeling of the information. It is self-supporting and independent, and
all information is scientifically proven and free of advertising. docQuery will pro-
vide all the information existing on mediScon and its sub domains. Hence the
community can be used to provide new information and give feedback on given

http://www.mediscon. com/


http://www.mediscon.com/

194 K. Bach, M. Reichle, and K.-D. Althoff

advices to ensure a high quality of information. Any information in docQuery is
maintained by experts so users can trust the system.

docQuery will aim at providing high quality travel medicine information on
demand. The system will not provide a huge amount of data that the traveler
has to go through - instead, it focuses on the information the traveler already
has and extend it with the required information required to travel healthily.
Furthermore we will integrate the users of docQuery in its development. On the
one hand, experts will take part in the community by exchanging and discussing
topics with colleagues, and on the other hand, the travelers will share their
experiences.

The research project is a collaborative multi-expert system (CoMES) using
subsymbolic learning algorithms and offering travel medicine prevention work for
any traveler. Each request will be processed individually, although the system
will not substitute consulting a general practitioner. The leaflet should inform
travelers and enable them to ask the right questions. Furthermore, the informa-
tion given should help them to travel healthily and enjoy their stay. In developing
docQuery the following requirements set our goal:

— Providing reliable, scientifically proven, up-to-date and understandable In-
formation

— Giving independent information (no affinity to any pharmaceutical com-
pany)

— Informing any travelers without charging them

— Intuitional usability of the Front-End (accessible with a common web browser
via WWW)

— Universally available

— Offering a communication platform for experts and travelers

— Enabling a multilingual and multicultural communication

— Applying new technologies and focusing on social problems to further their
solution

docQuery is support travelers giving trustworthy information based on key
data like destination, travel period, previous knowledge, planned activities and
language. The information on the leaflets will cover the following issues:

— Medical travel prevention: vaccination, clarification of threats, information
about medicaments

— Each information is tailored especially for the travelers and their needs - es-
pecially country-specific information as well as outbreaks or natural disasters
(e.g. hurricanes, tsunamis, earthquakes)

— Information about local hospitals at the destination - especially hospitals
where the native language of the traveler is spoken

— Outbreaks of diseases and regional epidemics

— Governmental travel advice

— General information and guidelines like “What to Do if...” in case of earth-
quakes, volcanic eruptions, flooding, etc.
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docQuery is the core application and supports establishing a community to ex-
change experiences. Furthermore the users are involved in advancing the knowl-
edge provided by docQuery and influence which issues are raised by sending
requests, giving feedback and sharing experiences. docQuery is supposed to be
a non-profit project and will provide travel medical information, prevention and
preparation free of charge.

3 4R Cycle from the Travel Medical Point of View

CBR is a methodology based on Schank’s theory [2] on the transfer of the func-
tion of human behavior onto computational intelligence. The main idea describes
how people’s experiences (or parts of the experiences) are remembered and later
reconsidered when facing new and similar problems, reusing or adapting the pre-
vious solution in order to solve new problems. In CBR a case is described as a
problem and its according solution.

In comparison to other methodologies like logical programming, CBR can deal
with incomplete information and the domain does not have to be completely
covered by a knowledge model before a system can be built. The integrated
learning process allows a CBR system to learn while it is used. Based on Schank’s
ideas Aamodt and Plaza [I] introduced the Retrieve-Reuse-Revise-Retain (4R)
process cycle that is until today the reference model for CBR applications.

Today there are three major types of CBR systems: Textual CBR systems [3]
that basically deals with textual cases and combine Natural Language Process-
ing Techniques with the CBR approach. Conversational CBR applications with
are characterized by subsequent retrieval steps that narrow down the possible
solution by iteratively setting attributes and the most often applied approach of
Structural CBR which features a strict case representation and various retrieval
techniques. Today many applications combine those approaches according to the
given system requirements. A more detailed description of the CBR approaches
and their application domains is discussed by Bergmann [4].

Although not all applications implement each process, most CBR systems
are based on this model. To describe the 4R cycle, we will again use the travel
medicine example presented in section and illustrate the 4R example in
Figure[dl

The current situation is a family plans that to spend their Easter holidays
in Alor and Bali. This is the problem description that has to be transfered in
the problem representation to initiate a retrieval request. Within this example
we are only looking for vaccination suggestions. To enable an efficient retrieval
different case base indexing structures have been developed and each of them
addresses special features of a CBR type. Before a retrieval can be executed the
problem has to be analyzed so an similarity-based retrieval within the case base
can be executed.

The case base or knowledge base contains previous cases as well as background
knowledge, this can be rules to either complete requests (enriched with tags) or
modify solutions, or similarity measures to compute the similarity between two
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Fig. 1. 4R Cycle from the Travel Medical Point of View

cases or vocabulary to recognize keywords. The so called knowledge containers
are described in more detail by Richter [5].

The background knowledge is required to find similar cases during the retrieval
process and if necessary adapt solutions. After the retrieval process has been ex-
ecuted a CBR system has an ordered set of possible solutions, which usually do
not match perfectly. Hence they need some modification and the reuse process
is initiated. Within this process the system uses background knowledge, mostly
adaptation rules, to change the solution in order to exactly (or as close as possi-
ble) fit to the problem description. In our example we can exchange the month
April through March because the background knowledge, i.e. a rule, says that
both months are in the rainy season and though can be handled equally. Also
we can substitute Flores through Alor and Bali because this are all Indonesian
islands with very similar properties (geographical location, climate, etc.).

Figure 2] exemplifies one type of knowledge representation for geographic re-
gions. Based on continents, regions and countries we have developed a taxonomy
that can be used to find similar countries. Knowledge models like taxonomies or
light ontologies provide different types of knowledge in terms of knowledge con-
tainers: the names of the nodes and leafs are representing vocabulary knowledge.
Since those terms are ordered in a taxonomy, similarities between countries, here
regarding their geographic position. Also adaptation knowledge can be acquired



V& Africa[05]
V- Midde_Africa [0.75]

& Republic_of_the_Congo
& Gabon
& Democratic_Republic_of_the_Congo
& chad
& cameroon
& S00_Tomo_and_Proncipe
& Equetoriel_Guinea

CBR in a Travel Medicine Application

V(& Europe [0.5]

V- Westen_Europe [0.75]

V-G Brtish_isles [0.85)
V- United_Kingdom [0.9]

& oreat_Briian
G Northern_reland
& rretand

¥ & Channel_slands [0.9]

& Guernsey

197

>3 Antarctica [0.5)
¥ & asia05)
V- Southeastern_Asia [0.75]

& Cambodia
& Brunei
& Christmas_Island
& Indonesia
G Laos
G Vietnam

& Central_African_Republic & Jersey & singapore
V-G North_Africa [0.75] G iske_Of_Man G Philippines
» (3 Western_Sshara & France & Malaysia
& Tunisia & Monaco & Myanmer_(Burma)
>3 suden V- Benelux [0.85] & Thaitand
& Morocco & Luxembourg & Timor-Leste
>3 Libya & Netherlands ¥ & Central_Asia [0.75]
& Egypt & Belgium & Turkmenistan
>3 Aigeria V- (& Central_Europe [0.75] & Kazakhstan
V- G5 West_Africa [0.75] G Hungary & Kyrgyzstan
o G Polend &> Tejkiston
& Gambia & slovakia & uzbekistan
G Nger G Czech_ Republic V-G Eastern_sia[075)
& Liberia V- & Alps [085) & south_Korea
& Guinea-Bissau & Germany & china
(& saint_Helena & Liechtenstein & Japan
(& Burkina_Faso & slovenia & Taiwan
& Guinea & switzertand & Mongolia
& Mauritania & Austria & Macau
& Cote_dvoire V- & Southern_Europe [0.75] & North_Korea
& senegal V- & ierian_Peninsula [0.85) & Hong_Kong
@ Nigeria G5 Giratar »C3 Northern_Asia [0.75]
& Sierra_Leone & Portugal » (3 Southern_Asia [0.75]
& maii & spain (3 Southwestern_asia [0.75]
& Togo & Andorra V- & Oceania [0.5]

& Benin >3 talien_f >0

Fig. 2. Knowledge model representing the geographical location of countries

from taxonomies, because countries that share a node also might have features
in common that can be applied completing incomplete case as described in Bach
et. al. [6]. Along with taxonomies, similarity measures for symbolic representa-
tions can also be realized using tables, ontologies or individually defined data
strucutres.

After the adaptation process has been executed the new case has to be revised.
The revision can either be realized using again background knowledge or external
feedback. In our example we send our solution to an expert who revises the
case manually and gives feedback. Afterwards we have a new revised problem-
solution pair (case) that can be included in the case base. In this way the case
base and thus the whole CBR system is able to learn and to adapt to different
circumstances.

4 Underlying Architecture

docQuery will be an intelligent information system based on experts which are
distributed all over the world and use the platform giving information to travelers
and colleagues. The implementation will pursue an approach mainly based on
software agents and CBR. Both software agent and CBR have already been
used to implement experience based systems [7I4l§]. docQuery will use different
knowledge sources (diseases, medications, outbreaks, guidelines, etc.) which are
created in cooperation with experts, provided in databases and maintained by
the users of docQuery. However, medicine cannot deal with vague information
how they might occur in extractions of community knowledge. Therefore we also
integrated data bases as knowledge sources in case exact matches are required.

Collaborative Multi-Expert-Systems (CoMES) are a new approach presented
of Althoff et. al.[9] which presents a continuation of combining established
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techniques and the application of the product line concept (known from soft-
ware engineering) creating knowledge lines. Furthermore this concept describes
the collaboration of distributed knowledge sources which makes this approach
adequate for an application scenario like docQuery. The system will follow the
CoMES-architecture, called SEASALT (Sharing Experience using an Agent-
based System Architecture LayouT), as it can be seen in Figure 3] and is ex-
plained in detail in Reichle et. al.[I0].

The SEASALT architecture provides an application-independent architecture
that features knowledge acquisition from a web-community, knowledge mod-
ularization, and agent-based knowledge maintenance. It consists of five main
components which will be presented in the remaining of this section.

The SEASALT architecture is especially suited for the acquisition, handling
and provision of experiential knowledge as it is provided by communities of prac-
tice and represented within Web 2.0 platforms [II]. The Knowledge Provision
in SEASALT is based on the Knowledge Formalization that has been extracted
from WWW Knowledge Sources. Knowledge Sources can be wikis, blogs or web
forums in which users, in case of docQuery travel medicine experts, provide dif-
ferent kinds of information. They can for instance discuss topics in web forums
which are broadly established WWW communication medium and provide a
low entry barrier even to only occasional WWW users. Enabling an analysis of
the discussed topics, we enhanced the forum with agents for different purposes.
Additionally its contents can be easily accessed using the underlying data base.
The forum itself might serve as a communication and collaboration platform
for the travel medicine community, which consists of professionals such as scien-
tists and physicians who specialize in travel medicine and local experts from the
health sector and private persons such as frequent travelers and globetrotters.
The community uses the platform for sharing experiences, asking questions and
general networking. The forum is enhanced with agents that offer content-based
services such as the identification of experts, similar discussion topics, etc. and
communicate by posting relevant links directly into the respective threads [12].

The community platform is monitored by a second type of agents, the so
called Collector Agents. These agents are individually assigned to a specific Topic
Agent, their task is to collect all contributions that are relevant with regard to
their assigned Topic Agent’s topic. The Collector Agents pass these contributions
on to the Knowledge Engineer and can in return receive feedback on the delivered
contribution’s relevance. Our Collector Agents use information extraction tools,
like GATE [I3] or TextMarker [14] to judge the relevance of a contribution. The
Knowledge Engineer reviews each Collector Agent’s collected contributions and
realizes his or her feedback by directly adjusting the agents’ rule base.

The SEASALT architecture is also able to include external knowledge sources
by equipping individual Collector agents with data base or web service protocols
or HTML crawling capabilities. This allows us to include additional knowledge
sources such as the web pages of the Department of Foreign Affairs or the WHO.

In order for the collected knowledge to be easily usable within the Knowl-
edge Line the collected contributions have to be formalized from their textual
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Fig.3. SEASALT Architecture

representation into a more modular, structured representation. This task is
mainly carried out by the Knowledge Engineer. In the docQuery project the
role of the Knowledge Engineer is carried out by several human experts, who ex-
ecute the Knowledge Engineer’s tasks together. The Knowledge Engineer is the
link between the community and the Topic Agents. He or she receives posts from
the Collectors that are relevant with regard to one of the fields, represented by
the Topic Agents, and formalizes them for insertion in the Topic Agents’ knowl-
edge bases using the Intelligent Interface. In the future the Knowledge Engineer
will be additionally supported by the Apprentice Agent. The Intelligent Interface
serves as the Knowledge Engineer’s case authoring work bench for formalizing
textual knowledge into structured CBR cases. It has been developed analogous
to [I5] and offers a graphical user interface that presents options for searching,
browsing and editing cases and a controlled vocabulary.



200 K. Bach, M. Reichle, and K.-D. Althoff

The Apprentice Agent is meant to support the Knowledge Engineer in for-
malizing relevant posts for insertion in the Topic Agents’ knowledge bases. It
is trained by the Knowledge Engineer with community posts and their formal-
izations. The apprentice agent is currently being developed using GATE [13]
and RapidMiner [16]. We use a combined classification/extraction approach that
first classifies the contributions with regard to the knowledge available within
the individual contributions using term-doc-matrix representations of the con-
tributions and RapidMiner then attempts to extract the included entities and
their exact relations using GATE. Considering docQuery’s sensitive medical ap-
plication domain we only use the Apprentice Agent for preprocessing. All its
formalizations will have to be reviewed by the Knowledge Engineer, but we still
expect a significantly reduced workload for the Knowledge engineer(s).

Although CoMES is a very new approach, the used techniques, like the Ex-
perience Factory[7], Case-Based Reasoning or Software Agents are well known.
docQuery will integrate those techniques in a web community and creating an
intelligent information system which is based on the knowledge of experts, experi-
ences discussed on discussion boards and novelties presented by travel medicines
that are a part of the community. Sharing knowledge at this level furthers the
web 2.0 approach and allows us to develop new techniques.

5 Combination of Heterogeneous Knowledge Sources

When dealing with complex application domains it is easier to maintain a number
of heterogeneous knowledge sources than one monolithic knowledge source. The
knowledge modularization within SEASALT is organized in the Knowledge Line
that is based on the principle of product lines as it is known from software
engineering [I7] and we apply it to the knowledge in knowledge-based systems,
thus splitting rather complex knowledge in smaller, reusable units (knowledge
sources). Moreover, the knowledge sources contain different kinds of information
as well as there can also be multiple knowledge sources for the same purpose.
Therefore each source has to be described in order to be integrated in a retrieval
process which uses a various number of knowledge sources (see the third layer
(Knowledge Line) in Figure B).

The approach presented in this work does not aim at distributing knowledge
for performance reasons, instead we are planning to specifically extract infor-
mation for the respective knowledge sources from WWW communities or to
have experts maintaining one knowledge base. Hence, we are creating knowledge
sources, especially CBR systems, that are accessed dynamically according to the
utility and accessibility to answer a given question. Each retrieval result of a
query is a part of the combined information as it is described in the CoMES
approach [18].

For each specific issue a case or data base will be created to ensure a high
quality of knowledge. The data structure of each issue is different and so is the
case format and domain model. Creating high quality “local knowledge bases”
will guarantee the high quality of the systems knowledge.
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5.1 Knowledge Sources

Considering knowledge sources, different characteristics, and aspects on which
to assess knowledge source properties come to mind. The possible properties can
refer to content (e.g. quality or topicality) as well as meta-information (e.g. an-
swer speed or access limits). These properties do not only describe the individual
sources but are also used for optimizing the query path. When working with dis-
tributed and — most importantly — external sources it is of high importance to be
able to assess, store and utilize their characteristics in order to achieve optimal
retrieval results. In detail we have identified the meta and content properties
for knowledge sources (see Table[Il a more detailed description can be found in
Reichle et. al. [19]).

Table 1. Knowledge source properties

Meta Property  Content Property

Access Limits Content
Answer Speed Expiry
Economic Cost Up-to-dateness
Syntax Coverage
Format Completeness
Structure

Cardinality

Trust or Provenance

Not all of the properties identified are fully unrelated. Properties like syntax,
format, structure and cardinality for instance are partially related which allows
for some basic sanity checks of their assigned values; also some of the proper-
ties such as answer speed, language or structure can be automatically assessed.
Apart from these possibilities for automation the knowledge source properties
currently have to be assessed and maintained manually by a Knowledge Engi-
neer who assigns values to the properties and keeps them up to date. Adapting
the properties’ values based on feedback is only partially possible since feedback
is mostly given on the final, combined result and it is thus difficult to propagate
back to the respective knowledge sources. Also the more differentiated feedback
is needed (in order to be mapped to the respective properties) the less feedback
is given, so a good balance has to be found in this regard. Despite these dif-
ficulties the inclusion of feedback should not be ruled out completely. Even if
good knowledge sources are affected by bad general feedback and the other way
around the mean feedback should still provide a basic assessment of a knowledge
source’s content and can for instance be included in a combined quality mea-
sure. Depending on the respective properties we have defined possible values.
Although there are not all properties usable for routing optimization, there are
some properties like format, syntax, structure or content that cannot be used in
the routing process since no valency can be assigned to them, that is one pos-
sible value cannot be judged as better or worse as the other. The computation
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of the routes with regard to defined properties is carried as described in Reichle
et. al. [19)].

docQuery will initially consist of the several heterogeneous knowledge sources
and each type of knowledge source will cover on specific topic. Each knowledge
source is accessible by the application and will be used to process the requests
given by the user. Furthermore the knowledge sources will be able to be extended
by more knowledge bases in future as well as maintenance processes can be
defined for each knowledge base.

Region: For any country specific information consisting of “Before the journey”,
“During the journey” and “After the journey” will be provided. The country
information includes required vaccinations and guides for a healthy journey.
Further on this case base contains information on how to behave in various
situations, which are explained to the users if necessary.

Disease: This knowledge base holds more than 100 diseases considered in travel
medicine. They are described in detail and linked to medicaments, region, etc.
It focuses on diseases that might affect a traveler on a journey, for instance
Malaria, Avian Influenza, or Dengue. A disease in this case base is characterized
by general information on the disease, how to avoid the disease, how to behave
if one has had the disease before, and how to protect oneself.

Medicament: Details about medicaments and its area of application (diseases,
vaccinations, age, etc.) used in the system are contained in this knowledge base.
Basically it contains information about active pharmaceutical ingredients, effec-
tiveness, therapeutic field, contraindication and interdependences.

Dates/Seasons: For each country we will cover dates and seasons. This infor-
mation is used to assign the season to a request and subsequently only retrieve
information that is necessary.

Vaccinations: If there are vaccinations recommended this database contains
vaccination periods and types of vaccines. Further on it lists contraindications
of each vaccination and experiences of users with the vaccinations in similar
situations.

Activity: This case base will contain safety advice for intended activities when
planning a journey. For travelers, activities are the major part of their journey,
but they may involve certain risks for which safety advice is needed and further-
more when asked for their plans travelers will usually describe their activities
which we can use to provide better guidance. Examples of such activities are
diving, hill-climbing or even swimming.

Health Risk: This knowledge base contains information about health risks that
might occur at a certain place under certain previously defined circumstances
including medical details on prevention, symptoms and consequences. Further
on it contains safety advice and the type of person who might be affected.
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Description: Any information given in the system can be described in different
ways. This knowledge base contains different descriptions which can be given to
the user: there will be a specific and detailed description (e.g. for physicians),
detailed descriptions for travelers (who are no physicians) and brief information
(for experienced travelers as reminders, etc.).

Guidelines: This knowledge source will contain the ”How to”-descriptions to
help travelers to put the given information in practice. This case base is especially
for travelers.

Experience: According to the motivation we will integrate the users experience
to the system. This knowledge base will contain experiences and feedback given
by travelers.

Template: This database contains templates to display the result created dur-
ing the processing of the request. The templates will be used to ensure a struc-
tured and printable output.

Profile: This database contains user profiles of experts who edit data, admin-
isters or regular users who want to create a profile to get faster access to their
required information.

5.2 Combination of Information Retrieved from Knowledge Sources

The flexible knowledge provision based on distributed, heterogeneous knowledge
sources can be accessed in different ways. We combine retrieval results of several
CBR systems embedded in a multi-agent system. The novelty of our approach
is the use of heterogeneous case bases for representing a modularized complex
knowledge domain. There have been other approaches using partitioned and/or
distributed case bases, but still differ from our approach. In SEASALT the knowl-
edge provision task is carried out by a so called Knowledge Line that contains a
Coordination Agent and a number of Topic Agents that each covers one homoge-
neous area of expertise. In terms of SEASALT we use the modularization aspect
to combine knowledge based on numerous different and homogeneous knowl-
edge sources implemented as CBR software agents. The Coordination Agent is
the center of the Knowledge Line and orchestrates the Topic Agents to enable
the combination of the retrieval results. The implementation of the Coordina-
tion Agent followed a set of requirements that were derived from the SEASALT
architecture description itself and from the implementation and testing of the
Topic Agents.

During the design phase of the Coordination Agent the following requirements
were identified:

— The case representations of the Topic Agents differ from each other as well
as the agents’ respective location might vary. This requires flexible access
methods that are able to deal with distributed locations, different kinds of
result sets and possibly also different access protocols.
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— Some Topic Agents require another Topic Agent’s output as their input and
thus need to be queried successively, others can be queried at any time. In
order for the Coordination Agent to be able to obey these dependencies they
need to be indicated in the Knowledge Map in an easily comprehensible way.

— Based on the dependencies denoted in the Knowledge Map the agent needs
to be able to develop a request strategy on demand. This request strategy
should also be improvable with regard to different criteria such as the Topic
Agents’ response speed, the quality of their information, the possible eco-
nomic cost of a request to a commercial information source and also possible
access limits.

— In order to guarantee the quality of the final result of the incremental re-
trieval process there needs to be a possibility to control what portion of the
result set is passed on to the subsequent Topic Agent. This portion should
be describable based on different criteria such as the number of cases or their
similarity.

— In order to allow for higher flexibility and a seamless inclusion in the
SEASALT architecture the functionalities need to be implemented in an
agent framework.

Firstly, in order for the Coordination Agent to be able to navigate the different
knowledge sources a format for the Knowledge Map had to be designed and
implemented. Since the dependencies between Topic Agents can take any form,
we decided to implement the Knowledge Map as a graph where each Topic Agent
is represented by a node and directed edges denote the dependencies. The case
attributes that serve as the next Topic Agent’s input are associated with the
respective edges. The optimization criteria are indicated by a number between 0
(worst) and 100 (best) and are represented as node weights. In order to be able to
limit the portion of the result that is passed on to the next node we implemented
four possible thresholds, namely the total number of cases to be passed on, the
relative percentage of cases to be passed on, the minimum similarity of cases to
be passed on, the placement with regard to similarity of the cases to be passed
on (For instance the best and second best cases). An example graph from the
docQuery application can be seen in Fig. [l

According to our example introduced in the beginning of this chapter the
region agent would return a case including the information that Alor and Bali
are Indonesian islands. Based on this information (i.e. Country = Indonesia)
queries for general safety information about this country, diseases that can be
contracted in the country, and certified (international standard) hospitals at
the destination are initiated. In this example there are two agents offering that
information: a free ondd with information of lesser quality and a commercial
ond] with information of higher quality. The retrieved diseases (Malaria, Yellow
Fever, Diphtheria, Tetanus, Hepatitis A, Typhoid Fever, etc.) are then subse-
quently used to query the medicaments agent for recommendable vaccinations

2 The cost 100 denotes a minimal price, that is 0,-.
3 The price is medium high, thus the cost value is 50, an agent with a higher cost
would have an even lower cost value.
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Fig. 4. Example graph based on the docQuery application

and medicaments that can be taken at the location. This query returns an initial
list of recommendable medicament candidates. Further on, the information given
by the user (Activities = “diving” and “road trip”) is used to request informa-
tion from the activity agent defining constraints for medicament recommenda-
tions (e.g. Activity = “Diving” = Associated_factors = “high sun exposure”)
which are then again used to query the medicaments agent. In this example a
query for Counter_Indication = “high sun exposure” would return, among others,
the Malaria prophylaxis Doxycyclin Monohydrat, which would then be removed
from the initial list of recommended medicaments. Also, if specified, the influ-
ences of chronic illnesses on recommended medicaments and planned activities
are queried. The combined information from all Topic Agents is compiled into an
information leaflet using ready prepared templates. (“When traveling to Indone-
sia, please consider the following general information: ... Certified hospitals can
be found in the following places: ... A journey to Indonesia carries the following
risks: ... We recommend the following medicaments: ... These medicaments are
not recommended because of the following reasons ...”) The Knowledge Map
itself is stored as an XML document. We use RDF as the wrapper format and
describe the individual nodes with a name space of our own. Based on the knowl-
edge map we then use a modified Dijkstra algorithm [20] to determine an optimal
route over the graph. The algorithm is modified in such a way that it optimizes
its route by trying to maximize the arithmetic mean of all queried nodes. In
the case of a tie between two possible routes the one with the lesser variance
is chosen.

5.3 Maintenance of Knowledge Sources

docQuery deals with different kinds of data and each kind has to be maintained
differently. We will define maintaining processes for each source focusing on
exact, up-to-date and reliable data. Furthermore each source will have its own
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maintainer in case old or erroneous data has to be removed or corrected. To
follow this goal the maintenance processes has to be created along with the data
models regarding the interfaces and the applications built upon them.

To ensure up-to-date data the system has to be checked by experts regularly,
and by integrating a web community new topics will have to be identified and
new cases will have to be entered in the knowledge sources. For that purpose
processes for updating (inserting, maintaining, deleting, extending, etc.) have
to be implemented and established. For instance, we assume that a group of
experts takes care of new entries in docQuery: In this case we are assigning
topics with the expert’s field of expertise to each of them and if there is a new
discussion in the respective area detected, this is e-mailed to the expert so he
oder she can follow this discussion. Further on, when the system extracted and
processed information the complete set which should be inserted is sent to the
expert and has to be approved before it can be inserted in the according case
base. This proceeding is not for any application domain necessary, but since we
deal with medical information we have to make sure that correct information
are provided, although we are only giving information that do not substitute a
medical consultation.

Even if we have different kinds of Topic Agents and their according Case Fac-
tories, the behavior of some Case Factory agents (like the new case inserter) can
be reused in other Case Factories of the same Knowledge Line. We differentiate
between agents that handle general aspects and are contained in any Case Fac-
tory and agents that are topic-specific and have to be implemented individually.
General Case Factory agents usually focus on the performance or regular tasks
like insertion, deletion, merging of cases. Topic specific Case Factory agents are
for example agents that transfer knowledge between the knowledge containers [5]
or define certain constraints and usually they have to be implemented for an in-
dividual topic considering its specifications or fulfilling domain dependent tasks.
The Knowledge Line retrieves its information, which is formalized by a Knowl-
edge Engineer and/or machine learning algorithms, from knowledge sources like
databases, web services, RSS-feeds, or other kinds of community services and
provides the information as a web service, in an information portal, or as a part
of a business work flow. The flexible structure of the knowledge line allows de-
signing applications incrementally by starting out with one or two Topic Agents
and enlarging the knowledge line, for example with more detailed or additional
topics, as soon as they are available or accessible.

6 Related Work

The approach of distributed sources has been a research topic in Information
Retrieval since the mid-nineties. An example is the Carrot IT project [21], which
also uses a multi-agent-system to co-ordinate the document sources. However,
most of our knowledge sources are CBR-systems, which is the reason why we
concentrate on CBR-approaches. The issue of differentiating case bases in order
to be more suitable for its application domain has been discussed before. Weber
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et al. [22] introduce the horizontal case representation, a two case base approach
in which one contains the problem and the other one the solutions. They motivate
splitting up the case bases for a more precise case representation, vocabulary and
a simplified knowledge acquisition.

Retrieval strategies have been discussed in the context of Multi-Case-Base
Reasoning in [23]. Leake and Sooriamurthi explain how distributed cases can be
retrieved, ranked and adapted. Although they are dealing with the same type
of case representations of the distributed case bases, both approaches have to
determine whether a solution or part of solution is selected or not. The strategy
of Multi-Case-Base Reasoning is to either dispatch cases if a case-base cannot
provide a suitable solution or to use cases of more than one case base and initiate
an adaptation process in order to create one solution.

Collaborating case bases have been introduced by Ontafién and Plaza [24]
who use a multi-agent system to provide a reliable solution. The multi-agent
system focuses on learning which case base provides the best results, but they
do not combine or adapt solutions of different case bases. Instead their approach
focuses on the automatic detection of the best knowledge source for a certain
question.

Combining parts of cases in order to adapt given solutions to a new problem
has been introduced by Redmond in [25] in which he describes how snippets of
different cases can be retrieved and merged into other cases, but in comparison to
our approach, Redmond uses similar case representations from which he extracts
parts of cases in order to combine them. His approach and the knowledge pro-
vision in SEASALT have in common that both deal with information snippets
and put them together in order to have a valid solution. Further on, Redmond
mostly concentrates on adaptation while we combine information based on a
retrieval and routing strategy.

Our notion of knowledge source properties is comparable to and thus benefits
from advances in the respective field in CBR like the recent work of Briggs
and Smyth [26], who also assign properties, but to individual cases. On the
other hand the graph-like representation of the knowledge sources and its use in
the composition of the final results do not have a direct equivalent in CBR. It
depends on the cases’ separation by topic and a clear dependency structure of the
topics (e.g. the country determines the possible diseases, the diseases determine
the respective vaccinations and precautions, etc.) which is not necessarily given
in traditional CBR.

7 Conclusion and Final Remarks

The SEASALT architecture offers several features, namely knowledge acquisition
from web 2.0 communities, modularized knowledge storage and processing and
agent-based knowledge maintenance. SEASALT’s first application within the
docQuery project yielded very satisfactory results, however, in order to further
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develop the architecture we are planning to improve it in several areas. One
of these are the Collector Agents working on the community platform, which
we plan to advance from a rule-based approach to a classification method that
is able to learn from feedback, so more workload is taken off the Knowledge
Engineer.

docQuery is the first instantiation of SEASALT and has a strong focus on the
knowledge modularization and reassembly with the goal to provide an informa-
tion leaflet for a traveler. Moreover, docQuery shows how various Al method-
ologies can be used to realize an intelligent information system that provides
complete and reliable information for individual journeys considering all aspects
a travel medicine physician would do. We also introduced how various hetero-
geneous knowledge sources can be queried as well as we provided a web-based
maintenance strategy that enables an intelligent system to use Web 2.0 platforms
like web forums to extend its case base.

Travel medicine is for sure a specific application domain that cannot compared
to any other application because the information we deal with are health related
and we have to make sure that only correct and understandable are produced.
We are confident that the techniques along with the SEASALT architecture can
be used within different application domains that cover a combination of topics.
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