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ABSTRACT 
This paper proposes a semi-distributed approach for the develop-
ment of agent-based consultation systems. The key idea is: what 
can easily be done to enhance quality, and reduce redundancy is 
done centrally, while the mass of knowledge is acquired in a dis-
tributed way. 

Categories and Subject Descriptors 
I.2.1 Applications and Expert Systems, I.2.11 Distributed Artifi-
cial Intelligence, H.3.3 Information Search and Retrieval 

Keywords 
knowledge acquisition, collaborative development, agent-based 
consultation systems, large-scale knowledge-based systems 

1. INTRODUCTION 
An agent-based consultation system consists of a society of agents 
offering consulting services to the user. It emphasizes the active 
role of the user during the problem solving process, since the user 
can select which agents to consult. While each agent delivers a 
useful consultation service on its own, they are designed to com-
plement each other, so that they together may offer consultation 
services comparable to traditional monolithic consultation sys-
tems (MCS; see e.g. [1]). An example for a user-centered consul-
tation system (UCCS) for diagnosis is presented in [2]. It allows 
for distributed knowledge acquisition from volunteer contributors 
[3]. 
Both UCCS and MCS have advantages and problems concerning 
knowledge acquisition. MCS suffer from the bottleneck of cen-
tralized knowledge acquisition making it nearly impossible to 
develop large systems. However, in particular in medical do-
mains, where symptoms are usually highly ambiguous, large sys-
tems can provide a much higher benefit to the user than special-
ized systems. Large MCS suffer from the rigidity of the chosen 
knowledge representation, which usually does not fit all parts of 
the system equally well. A uniform knowledge representation also 
causes inflexibility concerning user interaction; adapting the 
knowledge for different user types further increases the already 
nearly prohibitive knowledge acquisition effort. UCCS on the 
other hand allow for a distributed development, since each agent 

has well defined interfaces to its environment (i.e. the other 
agents). There is a structured interaction in UCCS among the 
agents: For example, a symptom class agent suspects diagnoses 
based on entered symptoms, clarification agents validate a diag-
nosis suspected by symptom class agents or by the user and a 
therapeutic agent determines adequate therapies for a validated 
diagnosis. The agents may have knowledge representation suit-
able for their purposes. Another advantage of UCCS compared to 
MCS is that the system is already usable with only some agents 
available. However, the knowledge of the different agent types 
overlaps, because a single symptom-diagnosis relation is usually 
needed by a symptom class agent as well as by a clarification 
agent resulting in redundancy problems. In addition, the distrib-
uted development makes it difficult to ensure quality standards 
over all agents. Further on, some services of a MCS are difficult 
to achieve by a UCCS like systematic dialogue guidance enabling 
high quality documentation and subsequent data mining options. 
As a result a combination of centralized and distributed develop-
ment may help to overcome some of the weaknesses of the re-
spective approaches. The key idea is: what can easily be done to 
enhance quality, and reduce redundancy is done centrally, while 
the mass of knowledge is acquired in a distributed way. The 
“knowledge champion” initializes the consultation system by 
providing a basic list of necessary agents and may suggest or 
define the coarse structure of the agents. He or she is also respon-
sible for organizing quality control measures (e.g. based on peer 
review or feedback from users consulting the UCCS), initiating 
activities to overcome detected weaknesses and decide in contro-
versies resulting from the distributed process.  
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Figure 1. Development tasks and their effort.  
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agent exist. The development tasks accomplished in centralized 
and distributed development are presented in Figure 1. 

2. ASPECTS OF SEMI-DISTRIBUTED 
DEVELOPMENT 
There are several important issues concerning semi-distributed 
development of a UCCS being described in the following: 
The knowledge representation of the UCCS agents has to be suit-
able for distributed development. In general, set-covering models 
and Bayesian Nets seem to be appropriate here due to the inde-
pendency of the knowledge concerning different diagnoses. Heu-
ristic rules on the other hand are more problematic for distributed 
development because the collaboration of the different rules con-
cerning several diagnoses is a very sensitive process. For the for-
mal agents of the PRS, for example, we chose set-covering 
knowledge, because the specification of set-covering relations 
between pubs and pub characteristics is a relatively simple proc-
ess. 
Avoiding redundancy of symptom class and diagnosis clarifica-
tion agents: As stated in the introduction, the knowledge of the 
different agent types overlaps, because the same symptom-
diagnosis relation is usually needed by a symptom class agent as 
well as by a clarification agent. The general idea to avoid redun-
dancy is to generate the knowledge of symptom class agents from 
the knowledge of diagnosis clarification agents. This requires 
using the same terminology for both agent types.  We achieve this 
in the PRS by predefining a centralized terminology (see Fig. 1; a 
task of the knowledge champion). Thus different developers add 
knowledge only for diagnosis clarification agents in a distributed 
but coordinated way. 
Omitting terminology alignments between different agents is a 
further advantage of using a centralized terminology for all 
agents. Otherwise, due to the requirement that the agents should 
able to exchange meaningful data between each other, alignments 
between the different terminologies of different agents would be 
necessary and this normally includes problems concerning a loss 
of precision. 
Modifications of the centralized terminology might affect all 
agents in the system. Removing a symptom involves removing the 
knowledge of all agents concerning this symptom. Adding a new 
symptom requires the insertion of default knowledge for this 
symptom to all agents. With respect to the PRS, this implies in-
serting zero set-covering relations concerning the different pubs 
and the new symptom, which means that the new symptom nei-
ther counts for nor against a pub. In addition, an alerting system is 
provided, which informs the agents’ developers about such modi-
fications. 
Knowledge acquisition with the help of flexible templates can be 
applied to reduce inconsistencies of the distributedly entered 
knowledge and to simplify the knowledge acquisition process [4]. 
Concerning the PRS, for example, the developers can put in the 
characteristics of a new pub with the help of web-templates auto-
matically generated from the centralized terminology. Thus, more 
people can be motivated to contribute to the system. Furthermore, 
wrong or inconsistent inputs can be avoided, which benefits the 
quality of the whole system. 
Multiple opinions of the agents’ developers are a typical problem 
in distibutedly developed systems. There are mainly three alterna-

tives, how to handle this problem: First, the strict way would be to 
allow only one agent for every entry (i.e. symptom class or diag-
nosis), which cannot be modified by other developers than its 
author. Developers of other opinions only have the possibility to 
add comments for the agent. Second, in addition to the first alter-
native, every developer could be allowed to modify an agent. This 
might lead to faster development but might also yield unproduc-
tive controversies as they can sometimes be observed in 
www.wikipedia.org. Third, in addition to the first and second 
alternative, the developers could be allowed to add a new agent 
for the same entry in parallel stating a different opinion, which 
means that inconsistencies between agents for the same entry are 
explicitly tolerated. Currently, we experiment with all three alter-
natives in the PRS. 
Feedback management is important to improve the quality of the 
different agents and therefore the whole system. The users have 
the possibility to give explicit feedback by rating an agent with a 
grade or writing a comment. This feedback is visible to all users 
and in particular to the authors of the respective agents, who 
might change the agents accordingly. In this way, an iterative 
development cycle emerges. 

3. DISCUSSION 
The proposed work can be viewed as a special realization of the 
semantic web idea. Instead of developing HTML- or Wiki-pages 
for pub recommendation directly, such pages are generated with a 
specific underlying semantic via knowledge templates and prede-
fined terminologies in a distributed process with volunteer contri-
bution. This knowledge is used by an inference engine and for 
generating a user-friendly search interface to increase precision 
and recall in comparison to standard search engines. We plan, if 
parts of the knowledge are already available in the Web (e.g. 
prices for beverages in the PRS), the knowledge base should be 
updated automatically by information extraction agents. Since the 
areas of application for UCCS reach from medical and legal ad-
vice via product selection to most diagnostic and classification 
domains, we also started other applications (e.g. MediSuggest for 
medical advise; www.medicoconsult.de; in German). 
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