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Abstract. We describe a new research effort for developing knowledge-based
systems using a combination of methods from Software Engineering and Artifi-
cial Intelligence: software product-lines, experience factory, case-based reason-
ing, multi-agent-systems, and semantic web technology. We motivate our ap-
proach, shortly describe three different application scenarios, and provide our
current ideas of how to implement our approach, which we call “collaborative
multi-expert-systems” (CoOMES).

1 Introduction

The notion of “Knowledge-Intensive Services” and especially “Knowledge Work” [1,
2] becomes a more and more important part of the service sector. Thereby, “Knowl-
edge-intensive work™ refers to activities that require intensive education and experi-
ence on a specific subject that has been accumulated over many years [3, 4]. “Knowl-
edge-intensive services” need the resource knowledge as their most important input
factor for delivering the respective service [6]. Problem solving strategies as part of
“Knowledge work™ activities must not be limited to use static knowledge acquired
once. Instead, they require frequent revision, improvement, and update of the knowl-
edge asset [3, 4]. Hence, experience represents the success-critical knowledge for
knowledge-intensive services and knowledge work [7].

Within this paper we suggest a methodology of how to develop intelligent infor-
mation systems for supporting knowledge work and knowledge-intensive services
with a specific focus on the use of experience [8, 9]. Our approach especially includes
computer-based knowledge work that is partially or fully enabled by software agents.
Besides its potential application to service economics (for a lot of success stories see
[10, 11]), our research also contributes to achieve ambitious goals as being formu-
lated by the European Union (e.g., the so-called ambient intelligence scenarios [12],
also [13, 40] or scenarios described in reports on “converging technologies” or simi-



lar [14], also [15]). Fully or partially automating knowledge work has the additional
advantage that the knowledge asset is not only accessible by the user but — with an
increasing degree of formality — also by the computer. This enables automated proc-
essing of knowledge and offers a unique added-value if compared with more tradi-
tional approaches.

Nowadays, software systems offering intelligent services require lots of knowledge
and have to fulfill many requirements making development and maintaining ex-
tremely expensive. In addition, usually many such systems are developed to meet the
various requirements. Our approach here is to organize such knowledge as a knowl-
edge-line. By “knowledge-line” we denote the systematic application of the software
product-line approach [16] to the knowledge of knowledge-based systems. This en-
ables the necessary “knowledge level modularization” for building potential variants
in the sense of software product-lines. This can be achieved by making use of multi-
agent systems [17, 18] as a basic approach for knowledge-based systems. An intelli-
gent agent — as a first approximation — is implemented as a case-based reasoning
(CBR) system [19], which, besides case-specific knowledge, can also include other
kinds of knowledge. Each CBR system agent is embedded in a case factory that is re-
sponsible for all necessary knowledge processes like knowledge inflow, knowledge
outflow as well as knowledge analysis.

A “case factory” (CF) [20] is an organizational unit that emulates the well-known
experience factory approach [21] from software engineering (SE). For each role
within an experience factory, software agents are introduced for modelling (carrying
out) those tasks that can be automated more and more. Like the CBR system agent(s),
the associated respective CF agents are expected to learn from experience. For exam-
ple, they could implement machine learning techniques for analyzing, evaluating, and
maintaining the case base of the CBR system agent!. In principle each software agent
has a human coach, namely the one being responsible for the role (in the sense of the
experience factory approach), jointly taking over the respective assigned tasks). The
human coach provides case-specific knowledge for the case base of her CF agent(s)
as well as feedback to suggested decisions. Her motivation for providing knowledge
is to make her CF agents as competent as possible to transfer more and more routine
tasks to these CF agents. Of course, overall responsibility and control remain with the
human decision maker.

Using the more general knowledge-line approach, a knowledge-based system can
be developed using different knowledge modules. The latter would be associated with
the respective variabilities and requirements they fulfil. One module could be realized
by one or more software agents. Developing knowledge-based systems would be
more flexible because of the various possibilities for combining these different soft-
ware agent groups and the learning abilities of the respective software agents.

We already mentioned (more or less directly) several approaches from SE (experi-
ence factory, software product-lines) and artificial intelligence (Al) (CBR, machine
learning, knowledge engineering, distributed Al, multi-agent systems) that support
our approach. Enabling software agents to make use of learning techniques effec-

1 CF agents could also be realized as hybrid systems including some CBR/Iearning subcompo-
nent.



tively requires dealing with knowledge in different degrees of formalization for ac-
quisition, transformation, and processing. For example, reasoning would require the
integration of empirical and causal rules, constraints, and analogies. Combining, inte-
grating, reusing the respective knowledge modules (agents) could be supported by
knowledge-based configuration approaches [22, 23]. Intelligent user interfaces [24]
as well as adaptivity and user modelling [25] could improve the communication be-
tween software agent and human coach. For deepening the understanding of learning,
research on cognitive architectures is also of interest [26, 27]. Considering the various
interfaces between human and software agents many commonalities and analogies
with the area of Web2.0/social software [28] can be identified. For example, both ap-
proaches have a solution that consists of a combination of some kind of collaborative
work involving experts and other users who make their contributions from different
locations — potentially distributed over the whole world — at different points of time.

We call our approach “Collaborative Multi-Expert-Systems” (CoOMES), which de-
notes a new research approach that is both a continuation of the well-known expert
system approach? and a research direction basing on the ideas of case factory and
knowledge-line as mentioned above. Thus, not everything is new with CoMES; how-
ever, we believe that treating these issues altogether as one research issue is definitely
new. To make this clear, COMES are still more a vision, a set of ideas, and some just
started project activities. However, we also believe that not only one group can
achieve research progress on such a research topic all alone.

One basic feature of COMES is that they base on rather simple techniques looking
more intensively on the possibilities of how to combine such techniques. While many
early (and also modern) expert systems had the problem of acquiring and maintaining
its knowledge, the underlying idea in COMES is to develop “CoMES there where
knowledge is produced”: that is, into the knowledge communities already available in
the Web. CoMES not necessarily try to integrate knowledge from different sources/
experts but base on many experts. These experts are viewed like agents and can be
human and/or software agents. As a consequence, COMES do not have the immediate
goal to formally represent the whole knowledge necessary to solve problems associ-
ated with a given task. Instead they base on the idea of learning step by step based on
made experiences, or case-specific knowledge made available by cooperative authors.
Another idea is to keep the resulting learning scenarios/tasks as simple as possible.
Thus, having more agents and having each one learning in a rather simple way. Here
we are thinking of computer science techniques focusing on experience like case-
based reasoning, experience management, case factory, machine and human learning,
cognitive architectures, etc.

Summarizing the above arguments we currently associate with COMES (among
other issues) the following:

— Decomposing of an application into different learning scenarios for which
case-specific knowledge can be learnt (“experience be made”™).
o Research issues here include the identification of different types of experi-
ence and having different case bases that may be related.

2 We do not differentiate between the terms “expert system” and “knowledge-based system”
within this paper.



— Processes for filling, evaluating, and maintaining case bases
o These processes are necessary for each case base (learning scenario)
— Defining and analyzing a “knowledge culture”
o This addresses what can be learned from a practical point of view.
e This includes the learning of learning strategies by instantiating them
through (discovered) examples.

— Knowledge advancement

e Could be viewed as using multiple any-time algorithms in parallel.

e Using generic machine learning approaches of which the associated learning
strategy can be instantiated via examples.

e Introducing a goal-orientation by use of a learning strategy or the combina-
tion of different learning strategies.

In the following chapter we will describe some application scenarios we currently
work with to give the reader some more concrete ideas what we expect to achieve. In
chapter three we give a rough overview how we think to implement COMES. Finally
we finish with an outlook on future research activities.

2 Application scenarios

In the following section we describe several application scenarios we are currently
working on to instantiate our ideas of knowledge-lines and case factories. Of course,
these specific applications have their own context and requirements and reflect only
some aspects of the above mentioned concepts. In particular we explain our work on
an information system on free and open source software, a simulation model for ef-
fec-tive coping strategies within the simulation of cognitive processes, and on an in-
forma-tion system on travel medicine. All three intelligent information systems have
in common, that they utilize different kinds of knowledge sources, integrate distrib-
uted experts, and will be realized following a modular structure using software
agents.

2.1  Information system on free and open source software

Free/Libre and open source software (FLOSS) has produced a large and diverse range
of software that often offers numerous and high quality alternatives to almost all com-
mercial software applications. Popular FLOSS like Firefox®, Thunderbird*, OpenOf-
fice.org®, vict, or the GNU/Linux operating system are steadily gaining users both in
the private and commercial sector. However, the FLOSS community is a complex so-
cial and technical network that consists of tens of thousands of individual groups and
projects that produce software in all degrees of quality. Research [29, 30] shows ex-

3 http://www.mozilla-europe.org/en/products/firefox/

4 http://www.mozilla-europe.org/en/products/thunderbird/
5 http://www.openoffice.org/

6 http://www.videolan.org/vic



isting FLOSS directories are mostly used by expert users and FLOSS insiders, while
less experienced users prefer general search engines and the advice of friends when
choosing software. The success of choosing software in this way is limited though. A
general web search for software for a specific purpose will most likely yield the most
popular software (or rather that with the most popular website) but not necessarily the
one that is best suited for the given purpose. Asking friends or colleagues for soft-
ware advice is also of only limited use, since those usually have the same level of
knowledge as the seeking person and can thus not offer qualified advice.

The aim of this project is to use the broad supply of already existing information
about FLOSS that is offered by conventional FLOSS directories and Linux distribu-
tions such as the Debian Project and use them for a more intelligent retrieval of
FLOSS. In order to achieve this we combine textual descriptions of software with
qualitative information like the software's popularity and vitality at different FLOSS
directories, meta information as provided by the Debian distribution and collabora-
tively maintained tags covering different aspects of software. The added value of the
combination of these different information sources and the advantages of CBR in
combination with the case factory approach and an industrial strength tool such as
e:1AS (cf. Section 3) promise considerably better retrieval results than the simple full
text search used by most conventional FLOSS directories or the website oriented gen-
eral web search. [29] has already developed a model to represent FLOSS as a case in
a CBR case hase and the planned system has been successfully presented at different
conferences.

2.2  Simulating cognitive processes: effective coping strategies’

Cognitive processes have been studied in the field of psychology. There already exist
many simulations used in order to support the developed theories in that area. The
main purpose of those simulations is to evaluate the behaviour of people when they
face different situations. Our simulation is also based on psychological research,
namely a theory developed by Werner Greve. Our goal is to analyse how human be-
ings act in critical situations by emphasizing which coping strategies they use.

An example would be to know how someone reacts after her/his boyfriend/girl-
friend dropped her/him. The idea here consists in representing each human being as a
hierarchically organized multi-agent system called "holon" (i.e., an agent that can
contain further (sub)agents). Though the social abilities (communication) of the hu-
man — simulated via an agent — plays a role, the design of the holons (respectively its
characteris-tics) as well as their interaction are even more important.

Fig. 1 shows an internal representation of a simulated person including the charac-
teristics and the possible strategies that can be applied in critical situations. More de-
tails can be found in [27]. We plan to implement each holon as a knowledge-based
system. Since we think that experience is an important factor (e.g. for the choice of
the adequate coping strategy), we will use case-based resoning as the main technique
for the knowledge-based systems.

" This project is a cooperation with Werner Greve (Institute of Psychology, University of Hil-
desheim).
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Fig. 1. SIMOCOSTS model

2.3 Information system on travel medicine®

It has never been easier than today traveling to different places, experience new cul-
tures and get to know new people. In preparation for a healthy journey it is important
to acquire high quality of reliable information about travel medicine prevention. Cur-
rently the World Wide Web offers many websites, discussion forums and services
where a traveler can gather information. Usually those websites do not contain all
medical information a traveler might need and the editors are mostly unknown. Fur-
thermore the information is spread over hundreds of websites and it is challenging
and time-consuming to find the appropriate one(s). Together with certified doctors of
medicine with a strong background of tourism related medicine we will use the
CoMES approach to provide travel information based on key data of their journey
(travel period, destination, age(s) of traveler(s), activities, etc.).

8 This project is a cooperation with Thomas Schmidt (mediScon).



The application will deal with a variety of knowledge sources (diseases, medica-
tions, outbreaks, guidelines, etc.) which are provided in different knowledge bases
(cf. Fig. 2). As described in [31] for each specific issue a knowledge base will be cre-
ated to ensure a high quality of information. To access and process data for each
knowledge base a domain model depending on the structure of information has to be
defined [32; 33]. Information for travelers should contain pre-travel advices, guide-
lines while abroad and past-travel advices. Medical advices are complex and we al-
ways have to consider contraindication and interdependences. In addition to the
medical description, we will provide different kinds of explanation ensuring travelers
understand the given advices.

Travelers who are using the CoMES will enter their key data and depending on the
input the application will proceed. The user will be asked for more information to
capture the entire circumstances. Based on the information given by the traveler soft-
ware agents will collaborate and determine answers from the knowledge base answer-
ing the request. Therefore we will use software agents following all kinds of tasks
like creating an appropriate question structure avoiding redundant questions or agents
extracting information given in the knowledge bases and creating responses. We aim
extending the set of agents step by step furthering the application logic and covering
more and more issues. The approach will be supervised by experts, although we will
integrate the experiences of travelers using the given advices to improve the quality
and identify new issues early and providing information about it.

Client Laver; GUI, Webbrowser

Fig. 2. docQuery architecture



Figure 2 shows the architecture of docQuery which is based on three layers. The Data
Layer (bottom) contains all the knowledge sources docQuery will need to provide in-
formation. It contains a knowledge source for each topic what makes it easy to follow
a modularized structure and enables defining maintenance processes for the contained
information. According to the well-known three tier architecture the middle tier will
process questions answered of users passed through the client layer. The Logic Layer
will use CBR techniques to retrieve cases, has rules and templates to creates answers
and is possesses information, derived from workflows, how to solve conflicts creating
answers and forward unanswerable questions to experts. The client layer contains
forms which will be used of travels to ask questions and interact with docQuery.

3 Implementation Details

The technical implementation of COMES is being done in cooperation with empolis®.
We base on the empolis information access suite (e:1AS) [34; see also Section 3.1] for
realizing CBR systems as well as knowledge-based systems that include some CBR
component. For realizing a COMES we (plan to) use many e:IAS instances in parallel
as necessary. Depending on the size of the respective knowledge base there could run
several e:1AS instances on separate virtual machines on one computer. The communi-
cation of the respective instances would be in a similar way when integrating e:l1AS
within certain business processes of some organization, namely via web services. The
organization of the respective e:lAS instances (“agents”) would be in some sense
similar to the electronic air freight market scenario described by Bodendorf [35]: sev-
eral tasks would be explicitly coordinated by a responsible e:1AS instance. However,
since every instance has in principle the same capabilities also direct communication
between e:1AS instances would be possible.

Thus, our approach can be viewed conceptually somehow between the multi-agent
system approach in the narrow sense on one side and the distributed problem solving
approach e.g. [36, 37] on the other side.

Our approach has several advantages. We can use known methods for building one
e:1AS application e.g. [11] with (hopefully) slight modifications. In principle each in-
stance can grow to a very large knowledge-based system. Also the integration into
certain business environments can be done as usual (with e:IAS).

The collaboration aspect of COMES is realized with the normal user interaction
processes of e:lAS. For example, the text mining and textual CBR capabilities of
e:1AS allow even textual input to be reasonably processed by an e:lAS instance, as-
sumed this instance has enough knowledge to react.

A short description of e:IAS is given in the next section.

° http:/iwww.empolis.com



3.1  Empolis Information Access Suite (e:1AS)

e:1AS is an information and knowledge management suite developed by empolis, a
subsidiary of Bertelsmann arvato. e:lAS consists of several different components for
information and knowledge processing and management. Among these is a rules en-
gine, that can be used to model and apply rules and conditions, for example, for busi-
ness rules or classification and a text miner that can be used for analyzing documents
as well as free text user queries and can further be combined with a downstream pat-
tern matching component. Apart from these, e:I1AS also includes a powerful CBR en-
gine and the so called creator module, which is based on the free IDE eclipse.

The creator is used to model the cases for the CBR engine. A case is modeled as an
aggregate of attributes. The creator is used to model the required attributes, their do-
mains and also underlying concepts and taxonomies and the respective attributes'
similarity functions. The model is stored using RDF respectively OWL, all further in-
formation is stored in an XML format.

Rich Client Web Client Cartridges

i
-

Reguest Broker / Web Services / APl / Application Server
;I XML / RMI/ COM
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Fig. 4. empolis Information Access Suite architecture

Figure 4 shows the general setup of an e:l1AS knowledge management system. The
case models can be filled with imported data from a multitude of sources. The data
import and their further processing is done using a modular pipeline system in which
the different functionalities can be freely combined using individual pipelets. These
pipelets offer, for example, the import from simple text files, documents, data bases,
or websites using an integrated crawler, and their subsequent processing such as
breaking the input data into single values and assigning them to their respective at-

10 http://www.eclipse.org



tributes, analyzing texts with a text miner or spell checker or stripping input of html
or xml elements. Once the data are imported and processed the system's knowledge
base is ready and can be used by the e:1AS knowledge server.

Pipelines are, however, not only used for importing data, but also for integrating
the aforementioned functionalities and making them available to the Knowledge
Server. e:lAS offers pipelets for text mining, the creation and application of rule sets,
searching, automated classification and the generation of dialogs. Additionally the
Knowledge Server is able to use external knowledge sources such as already existing
dictionaries. Different types of clients including simple web clients but also rich cli-
ents or Java Bean applications can be used to access the Knowledge Server. Commu-
nication between the server and its clients can be implemented using various lan-
guages such as XML, COM, or RMI.

4 Outlook

We currently work on the integration of the various requirements from the different
application scenarios — as well as further ones — to come up with a kernel architecture
and implementation of collaborative multi-expert-systems (CoMES). While we base
on a cooperation with empolis and base our realization efforts on the empolis Infor-
mation Access Suite (e:IAS), we, in addition, work on the integration of intelligent
services in the Semantic Web [38, 39], with the goal of also integrating these research
efforts.
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