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Preface

The fields of planning, scheduling, configuration, and design have many features in
common and are often tackled by similar technologies. However, the communities do
not overlap and joint meetings are rather rare. The PuK-workshop (abbreviation of the
German GI special interest group „Planen/ Scheduling und Konfigurieren/
Entwerfen“) is such a joint meeting and provides the possibility for the exchange of
ideas, concepts, and problems between researchers from all the areas mentioned.

The workshop therefore aims in bringing together researchers as well as practitioners
in the areas of planning, scheduling and design for the presentation and discussion of
new problem areas, new problem solving approaches and new systems developed.

The general topics of interest of the PuK comunity include but are not limited to:

• applications and architectures
empirical studies of existing systems; new and prototypical systems;
modelling of planning/ scheduling/ design systems; user interfaces.

• knowledge representation and problem solving techniques
domain-specific techniques; heuristic techniques; distributed problem
solving; constraint-based techniques; iterative improvement; integrating
reaction and user-interaction.

• learning
learning in the context of planning, scheduling and design.

See the web pages of the PuK community for further information:
http://www-is.informatik.uni-oldenburg.de/~sauer/puk/

Similar to some earlier workshops we intend to focus on one area. This year, part of
the workshop will be specially focused on Scheduling. Within the focal part of the
workshop we anticipate several sessions dealing specifically with this year's focus. In
that context we solicit papers on topics such as

• combinations of planning and scheduling problems or scheduling and design
problems,

e.g. algorithms for hybrid planning and scheduling tasks
• new aproaches for representation and solution of scheduling problems
• development and evaluation of scheduling systems
• actual problem areas in scheduling

e.g. multi-agent scheduling, multi-site scheduling or transportation scheduling
• combination of AI and OR methods for solving scheduling problems
• classification of scheduling problems,

e.g. reactive versus predictive, hard versus easy.
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From the papers submitted the program committee has selected 9 for presentation
in the workshop. The papers provide a good mix of planning and scheduling as well
as design related topics. We hope that the ideas and approaches presented in the
papers and presentations together with the papers and presentations of the main
conference will lead to a fruitful discussion and will inspire research and development
in all of the participating research directions.

Wien, September 2001

Jürgen Sauer





Web-based Commerce of Complex Products and Services 
with Multiple Suppliers 

L. Ardissono1, A. Felfernig2, G. Friedrich2, A. Goy1,  
D. Jannach2, R. Schäfer3 and M. Zanker2 

Abstract. The sales of customisable products and services over the internet is a 
challenging task within the area of electronic commerce. In this chapter we will 
present a case study which shows how the offering and selling of complex 
products and services from the telecommunication industry is supported within 
a generic framework for customer-adaptive distributed online configuration. 
Following the paradigm of mass customisation, products and services are 
nowadays sold to customers in many variants according to specific customer 
requirements. In a Web-based environment special emphasis must be given to 
the customer interaction with the sales system. Therefore we sketch how a 
personalised Web-interaction may imitate a good salesperson that adapts his 
expert advice according to the customers interests and skills. The digital 
economy of the 21st century will be based on flexibly integrated webs of highly 
specialised solution providers. Regarding configuration technology itself, the 
joint configuration of organisationally and geographically distributed products 
and services must be supported. This requires the extension of current 
configuration technology to include distributed knowledge bases and co-
operative problem solving behaviour. The developed framework is designed 
generic enough to be also applicable to other industries with similar 
requirements for electronic commerce systems such as the areas of facility 
management equipment or building and construction industry. 

1. Introduction 

When commercialising complex products and services over the Web shortcomings 
of current technology become obvious. Configurators are employed to calculate 
product variants fulfilling customer requirements as well as technical and non-
technical constraints on product solutions. However, Web-based commerce poses 
additional requirements on the interaction with configuration systems: customers with 
different needs, skill level, or organisational background interact with the system. 
Therefore interfaces must be provided that dynamically adapt to the needs of their vis -
à-vis. 

Another shortcoming of current configuration technology concerns the co-
operation between separate configurators. As the application scenarios will show, 
there is no central point of knowledge and therefore a single configurator approach is 
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not appropriate. In addition to the distribution of the knowledge on product and 
service configuration, we have to accept the fact of heterogeneity among the 
employed knowledge representation formalisms.  

In this section we give our ideas on extending current configurator technology. 
First the guiding application scenarios are outlined, followed by a discussion on 
adaptive Web interaction and distributed product configuration. Then, the 
environment of the ongoing IST research project CAWICOMS4 is described. 

2. Application Scenarios 
The guiding application scenarios stem both from the domain of 

telecommunication: the configuration, ordering and provision of telecommunication 
switches (e.g. a TeCom) and of Internet Protocol – Virtual Private Networks (IP-
VPNs). 

Telephone switching systems consist of modules plugged into frames, that are 
mounted on racks. Cables connect the modules and frames, resulting in a network 
topology imposed on top of the hierarchical physical structure. In addition, several 
external hardware components and subsystems such as PCs or routers are connected 
to the switching node. Further the functionality of the system depends on a set of 
software applications that are installed on the hardware. The whole system can be 
decomposed into subsystems supplied by different organisational units or independent 
companies. 

An IP-VPN links a number of sites of a possibly multi-national organisation via an 
IP network. An integrator/reseller company contracts with the customer and leads a 
federation of partnering network and other service providers. According to the 
geographic location of the different sites and the qualitative requirements with regards 
to bandwidth, quality of service or cost limits the layout of the network service has to 
be determined. This task requires to access the knowledge on the characteristics and 
the availability of services offered by each involved provider.  

In both scenarios the business process is roughly structured into the following 
phases: 
?? Quotation phase: Elicitation of basic requirements of the customer to determine 

an estimate of the capabilities, the availability and the price of the system or 
service. This can be accomplished solely by the Web interface or together with a 
physical sales representative. 

?? Order generation phase: In this phase a technical engineer derives the bill of 
materials and the layout of the physical product or the structure of the service 
with the help of the configuration system. Here, decisions on implementation 
alternatives for specific required features are taken and the order for production 
or accomplishment of services is determined. 

?? Production phase: Support for this phase and the following phases is achieved 
through traditional systems (e.g., enterprise resource planning systems) and out 
of scope of this paper.  
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The requirements analysis done for both scenarios, brought up issues that are 
not addressed by current configuration technology. They can be grouped into 
system interaction and configuration technology issues: 

Requirements on system interaction: Due to the complexity of the application 
domains support to the user during the interaction is crucial. Therefore, the 
interaction has to be personalized according to the user's skills and needs. For 
example, during the parameter value elicitation phase, the system has to provide 
the user with reasonable default values and explanations of parameters. During the 
presentation and feedback phase, the output should be adapted to the user's 
interests. For example, information which is of particular importance for the user 
due to her/his characteristics should be highlighted. 

Requirements on configuration technology: The most innovative aspect of 
these scenarios is the distribution of configuration knowledge and problem solving 
capability. This requirement does not stem from efficiency considerations, but is 
implied by the setting of business entities along the value chain and the sales 
process itself. The offering of customized and extensive problem solutions requires 
the flexible cooperation of several product and service providers. Each of them 
locally owns and maintains the knowledge necessary to configure its contribution 
to the overall solution.  

3. Adaptive Web Interaction  
As noticed in Benyon (1993), the user interfaces of software systems suffer from a 

general problem: Due to the high variability in user requirements, no interface can be 
designed which suits everybody and there is a need for dynamic user interfaces 
tailoring the interaction style to the individual user. This issue is particularly relevant 
for configuration systems, used by people having different backgrounds and 
requirements on the products/services to be configured. Nowadays, configurators 
typically offer only a standard user interface and interaction style that cannot adapt to 
the customers' needs and skills. Thus, their interfaces are either simple, but cannot 
take advantage of all customisation possibilities; or they are too complex and cannot 
be used by inexperienced customers. We address this problem by customising the 
following aspects of the interaction: Adaptation to the device used by the customer, to 
support the interaction with standard browsers, GUI interfaces, and so forth. 
Adaptation of the configuration process itself aims at reducing the overhead on the 
customer during the generation of configuration solutions. A non-personalised 
configuration process relies on the user for setting almost all the configuration 
parameters, which may turn into a long list of questions before a result can be 
presented. One main personalisation goal is therefore to reduce the list of questions, 
enabling the system to take the initiative and set as many parameters as it can, without 
the user’s intervention. The user’s interests can be taken into account to anticipate the 
user’s decisions whenever possible. Moreover, in order to assist the user during a 
configuration session, his/her skills can be considered to avoid difficult questions 
whenever the system can safely set the needed value. The user’s expertise can also be 
considered when critical parameters must be set and they are too complex for him/her. 
In that case, an explanation of the alternative values can be provided to support 
his/her decision. Adaptation of the presentation of configuration solutions concerns 
the selection of the type of information most relevant to the user and the presentation 
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of such information at a technicality level suited to his/her domain expertise. This 
aspect is essential to support the user’s selection of the most suitable solution and the 
overall acceptability of the system’s proposals. 

These adaptation aspects rely on a user model representing the system’s beliefs on 
the user characteristics. In the following, we will describe the personalisation 
strategies for customising the interaction, focusing on the configuration process. The 
customisation of this  process is based on the use of personalisation rules, represented 
within a rule-based system (ILOG JRules5). As the user interface is dynamically 
generated during the interaction, the level of detail addressed can be adapted to the 
most recent hypotheses about his/her knowledge and interests. 

The configuration process is carried on, after the selection of the product/service 
needed by the customer, by asking him/her questions about configuration parameters 
and producing partial solutions, which may contain open parameters, to be specified 
at a later stage of the process. At each step, given a partial solution, the system 
identifies the parameters that have not yet been set. Then, it invokes the rule-based 
system to identify the appropriate strategy for filling in the parameters. The 
personalisation rules discriminate among various alternatives, which either provide 
values for setting the parameters without questioning the user, or suggest suitable 
questions to be asked, taking into account the user’s expertise. Each rule corresponds 
to an alternative way to proceed and specifies, in its antecedent, the conditions (on 
parameter to be filled and user’s interests and expertise status) determining their own 
applicability. The conditions specified in the antecedents of the rules are evaluated in 
order to determine which rule best corresponds to the current situation and represents 
the most promising strategy to carry on the interaction. For example, one rule 
suggests that, if an individual default is available in the user model to fill in the 
parameter, then the selected value(s) should be exploited to carry on the 
configuration. Another rule specifies that personalised defaults, based on user 
characteristics, can be exploited to set parameters. For instance, suppose that the 
instruction manuals for a product are available in English and in German. Then, a 
personalised default could specify that German is the appropriate value, if the 
customer is a German, while English is the appropriate one for all the other 
nationalities. Yet another rule suggests that the information about the user’s interests 
and the knowledge about the dependencies among such interests and the configuration 
parameters can be used to predict the user’s choices and set the parameters. For 
example, if the user is interested in reliability of a TeCom, the system should propose 
to use an additional power supply. Then, there are rules suggesting to ask the user a 
direct question about the parameter, or an indirect question concerning a more 
abstract concept, related to the parameter. These strategies are applied when the 
parameter is too critical to be autonomously set by the system, or the estimates in the 
user model are too uncertain to support the use of defaults. 

For supporting the described personalisation, the user modelling component has to 
maintain user characteristics such as preferred language.  

For estimating the user’s interest’s we ascribe Multi-Attribute-Utility Theory 
(MAUT)  (see Winterfeld & Edwards, 1986) as evaluation process to the user. 
According to MAUT, the configurable artifact can be evaluated as weighted addition 
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of the evaluation with respect to its relevant value dimensions. These are technical 
characteristics, such as reliability. The evaluation on such a dimension is defined as 
an evaluation of the attributes relevant for this dimension. 

For taking into account the uncertainty involved in the interpretation of the user’s 
behaviour, we use Bayesian networks (BNs) as a probabilistic inference mechanism 
(see Pearl, 1988). For each interaction type, there is a BN interpreting the user’s 
actions. 
a) The user gives a self-assessment regarding his/her interests (self 

characterisation). 
b) At the beginning and also during the configuration process, the user has the 

option to specify an up to now unspecified parameter. This means that this 
parameter will most probably have a big impact on the overall evaluation of the 
product. In addition, the user expects that the chosen value for the parameter will 
improve the product compared with the current configuration, i.e. that there will 
be a positive evaluation shift (parameter setting). 

c) When the system has configured a product, the product will be presented to the 
user, who has the choice to accept or reject it (judgement).  

d) The user changes a parameter value of a presented solution. This means that the 
user probably assumes that the configured product will be better than if the 
parameter is left unchanged (improvement). 

Information gained during interactions of these four types is used for estimating the 
user’s knowledgeability which extends the approach of Jameson (1990). We use BNs 
which interpret both actions which indicate that the user knows (resp. does not know) 
the implications of a parameter for the relevant dimensions, e.g. by selecting or 
changing a parameter value (resp. by using “help”). 

4. Distributed Configuration 
The application scenarios show that there does not exist a single business entity in 

the value chain of supplied goods and services that has complete pricing and product 
knowledge on the whole customer solution. Further this knowledge may only be 
partially shared among business partners for reasons of privacy and security. 
Therefore, we have to enable current configuration technology towards co-operative 
problem solving. Our proposed architecture relates to previous research projects such 
as TSIMMIS in Garcia-Molina et al. (1997) or Infomaster from Genesereth et al. 
(1997), where an integrated access to multiple distributed and heterogeneous 
information sources on the internet is provided. As Figure 1 depicts, in our approach 
not only information sources but problem-solving agents with local knowledge 
(Configuration KB) are integrated. The customer has the illusion of interacting with a 
centralised, homogenous configuration system. The value chain has a tree structure 
where each node is represented by a configuration agent that either represents the 
main vendor or one of the suppliers. Except for the leaves, all nodes of the tree 
possess mediating capabilities that allow them to decompose their configuration 
problem and assign subtasks to their supplying configuration systems. This is done by 
formulating requirements that must be met by the solutions that are then 
communicated back in response.  

In a realistic supply chain setting the involved configuration systems must be seen 
as legacy systems that have their proprietary knowledge representation mechanisms. 
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Therefore, we employ an ontological layer based on a logic theory of configuration 
described in Felfernig et al. (2000a) that enables communication by mapping the 
specific representations onto more general ontological concepts from the 
configuration domain (compare to Soininen et al. (1998)). 

 
Figure 1: Architectural sketch 

 
Problem solving itself can be compared to the work of Yokoo et al. (1992), where 

they describe how several agents can build major subassemblies on their own, but 
these subassemblies must “hook together” in a compatible way. As mechanism for 
problem representation they propose a distributed CSP and present several algorithms 
such as asynchronous backtracking. However, in contrast to distributed CSP solving, 
the cooperation among configuration agents has to take two major extensions into 
account: 
?? On the one hand, configuration tasks have a dynamic nature in the sense that the 

set of problem variables changes depending on the initial requirements and on the 
decisions taken during the problem solving process. 

?? On the other hand, different approaches towards configuring need to be 
supported. Several paradigms exist such as rule-based systems, various forms of 
constraint satisfaction (Fleischanderl et al. (1998)) or description logics 
(McGuiness and Wright (1998)).  

Each configuration agent comprises the local knowledge necessary to customise a 
specific product or service of the company behind. These products or services that are 
part of the distributedly configured overall solution may share resources and have 
defined connection points vs. each other. Agents that have to observe restrictions that 
reference on not locally configured components need to have a limited view on these 
parts of the overall configuration solution. This view is provided to it by an agent with 
mediating capabilities. Further these mediating agents are responsible for taking 
measures for resolution in case of conflict occurrence. For more detailed information 
on co-operation mechanisms refer to Felfernig et al. (2001). 

5. The CAWICOMS Environment 

The outcome of the CAWICOMS project is an integrated environment supporting 
development, execution, and maintenance of (distributed) Web-based configuration 
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applications. This environment consists of a set of components which entail a set of 
improvements concerning the applicability in real world settings. 

Knowledge Sharing Support: One of the major aims of CAWICOMS is the 
integration of heterogeneous configuration environments to support a distributed 
configuration process. A prerequisite for such a process is knowledge sharing 
between the engaged configuration systems. CAWICOMS provides a set of 
standardised XML Schema6 definitions forming an ontology for distributed 
configuration. This ontology can be seen as a standard interchange format for 
configuration knowledge bases, which significantly reduces efforts of knowledge 
interchange. 

Distributed Problem Solving: Beside an effective support for knowledge 
interchange between configuration environments supported by the knowledge 
acquisition component, CAWICOMS provides mechanisms for integrating those 
systems at the execution level. An ontological layer is imposed on each (remote) 
supplier configuration platform, which maps the generic configuration concepts onto 
the proprietary representation of the supplier system. Furthermore, a set of protocols 
implementing distributed problem solving algorithms is supported that allow co-
operative problem solving behaviour. 

Integration with existing Platforms: The CAWICOMS environment supports 
seamless integration into existing e-commerce application platforms. Typical 
frameworks provide services like product catalogue management, shopping cart, 
customer management, procurement, purchase orders, payment transactions, and 
pricing. The CAWICOMS architecture relies on these services provided by the 
underlying layer. By providing a standardised schema for representing complex 
product structures and by integrating this schema in industrial standard Business 
Communication Languages (e.g. cXML7), CAWICOMS supports the extension of 
basic framework functionalities with additional support for distributed and 
personalised configuration. 

Improved Knowledge Acquisition: Due to the increasing size and complexity of 
configuration knowledge bases an effective design and maintenance support for 
configuration knowledge bases is required. In order to offer a more user-oriented 
knowledge acquisition process, the configuration knowledge is represented in UML 
(Unified Modeling Language) – the corresponding constraints are represented in OCL 
(Object Constraint Language). The major advantage of applying those languages in 
the configuration context is that they are comprehensible for a large community of 
potential users and are adopted in established industrial software development 
processes. As a consequence of the approach of Felfernig et al. (2000b) the 
application of configuration systems is no more restricted to specialists with 
corresponding knowledge in the area of formal description languages (basic 
representation languages of the underlying configuration systems). 

Standard Components: For the implementation of the CAWICOMS prototype 
state-of-the-art Internet technologies are applied (Servlets, Java Server Pages, 
Enterprise JavaBeans). All components of the prototype are implemented within a 
three-tier architecture conformant to J2EE (Java 2 Enterprise Edition). 

                                                                 
6 See the World Wide Web Consortium (www.w3c.org) for reference. 
7 See Commerce XML Resources (www.cxml.org) for reference. 
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6. Conclusions  
CAWICOMS aims at the next generation of electronic commerce solutions for 

customisable products and services. Techniques are developed for enabling 
integration and collaboration of distributed Web based configurators, and for 
providing adaptation and personalisation of user interaction with configurators. 

In this way, CAWICOMS will have benefits both for customers and suppliers: 
Personalisation will help consumers to better specify their needs and to select the 
most appropriate solution when buying complex goods and services over the Web. 
CAWICOMS also enables flexibly integrated webs of suppliers to co-operate along 
the supply chain by addressing the interoperability of product configuration systems.  

For further information see www.cawicoms.org . 
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3rd Generation Mobile Communication
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Germany
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Abstract. In the context of UMTS mobile applications require the consistency
of information, and the configuration of interfaces and applications. These
requirements can be depicted by subtle problem fields as they are described in
this paper. In the mid 90th multi-agent systems (MAS) have been invented into
the field of mobile applications. The desired alleviation of the problem fields
can be achieved by the expansion of MAS by planning. Preliminary first ideas
of these methods are discussed for mobile applications. A simple prototypical
scenario for the configuration of mobile interfaces demonstrates the promising
combination of MAS and planning.

1 Introduction

In mobile communication systems exist a heterogeneous landscape of architectures
and technologies. Despite the standardization efforts for network and application
technologies, namely the 3rd generation mobile communication standard UMTS for
the mobilization of the internet [1] and CAMEL, the connecting technology for
mobile communication networks2, the endeavors resulting from the different
architectures and technologies are standing. Applications are embedded in varying
environments due to hand-overs, roaming, etc. These environments, like the virtual
home environment (VHE) of users, can be described by parameters, e.g. signalling is
activated or roaming is enabled. Another important challenge emerges from the four
Quality of Service (QoS) classes of UMTS: conversation, streaming, interactive, and
background class. These QoS classes enable one to implement a variety of mobile
applications and thus lead to a huge number of services satisfying all user necessities.

Mobile communication applications synthesize the compatibility of different
architectures and technologies, and additionally, the handling of a huge number of
different services for users. Both challenges can be characterized as follows: First, the
compatibility of different technologies depends on the system capability to adapt
configurations of applications and interfaces onto each other. Note, in general users

1 Please contact the first author
2 Customized Applications for Mobile Network Enhanced Logics [1]
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cannot assist in the configuration process due to the complexity of technical details.
Thus, this procedure has to be performed automatically without any user assistance.
Second, due to a broad offer of services users may apply to several applications in
parallel. Therefore, the management of several applications on the same bearer must
be possible with regard to resources like the network capacity.

In the mid 90th multi-agent systems (MAS) have been invented into mobile
communication in order to enable a flexible execution of mobile applications [3]. The
abilities of MAS can be described briefly by the following statements [4]: “…gives
you just what you need, works while you don’t, works where you aren’t…”. In this
sense agents are mobile, cooperative, able to negotiate, and unbounded, to name a few
important properties resulting in action competence, capability to handle different
resources as they occur in the telecommunication and different service ontologies, and
finally, the prevention of problems by acting pro-active versus reactive.

How to alleviate the above depicted challenges? The core thesis depicted in this
paper is based on the assumption that planning methods known from the field of
Artificial Intelligence can be integrated into the execution of mobile applications
based on MAS. Hence, planning facilitates the solution of conflicts like ambiguities.
In the following a brief introduction into the UMTS standard is given with focus onto
MAS, and the four UMTS QoS classes are described (Sect. 2). Then, two subtle
problem fields of 3rd generation mobile communication systems are described
resulting from the heterogeneous architectures and technologies within mobile
communication (Sect. 3): the configuration of interfaces and applications, and the
execution of mobile applications with inconsistent information like distributed
calendars. Planners are briefly depicted in the subsequent Sect. 4 with a simple
example of mobile applications (when familiar with planners readers may skip this
section). In Sect. 5 first ideas for the examination of the problem fields are described.
A preliminary prototypical solution based on the STRIPS planner Blackbox [9] for
the problem field concerning the configuration of applications and interfaces is
provided. We conclude in Sect. 6 and discuss related work for MAS.

2 UMTS Standard and Quality of Service Classes

In this section a brief introduction into UMTS (universal mobile telecommunication
standard) is given3. UMTS is known for its higher bit rates (packet-switched up to 2
Mbps) compared to GMS. Higher bit rates facilitate new services like video telephony
and quick downloading of data. Furthermore, UMTS allows a negotiation of the
properties of a radio bearer. The properties are characteristics of the data transfer like
throughput, transfer delay, etc. At the start of the UMTS era the overriding traffic will
be voice, but later the share of data will increase. Often the requested information is
available on the internet, which demands for effective handling of TCP/IP in the
UMTS network.

3 A comprehensive description of UMTS is out of the scope of this paper and can be read in [1,
17, 18], where the latter reference contains also the specification for applications and
services.
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For the development of mobile applications exist several platforms and de facto
standards like GRASSHOPPER [13] or the Open Service Architecture (OSA)4. For a
moment we will focus on OSA which specifies the application programer interfaces
(API) for 3rd generation mobile applications: The technical infrastructure of networks
is today non-standardized resulting in several implementations of an application for
different networks. This obstacle leads to a slow-down in the application development
process. To overcome this hinderance the telecommunication industry has begun to
standardize the intelligent network (IN) platform [19]: Services like prepaid and
conditional call forwarding are realized on this platform. However, the development
of applications on the IN platform requires knowledge about the telecommunication
infrastructure and the used protocols. Alleviation is brought by OSA which
standardizes APIs for call control, location information, etc. Additionally, OSA
provides a specification for a network interface that provides information about
network capabilities and services5.

Fig. 1. Layer model for agents.

Applications

Abst ract Architecture

Agent
Communicat ion

Agent
Management

Agent
Informat ion
Transport

In the telecommunication world applications and data are distributed in general
[6]. An example is a calendar which exists in several mobile devices and additionally,
in the mobile network where the data are collected. Due to the above described
heterogeneous network infrastructure specific requirements to agents are emerging
(Fig. 1): on top the (mobile) applications, in the middle the abstract architecture, and
at the bottom the agent communication, management, and information transport [20].
In the following we will focus on the agent information transport which contains
complex communication of agents like negotiation and monitoring.
The UMTS standard provides no specification about agents. But the platform
GRASSHOPPER [13] contains an API for the bottom layer of Fig. 1 which makes the
management of the Virtual Home Environment (VHE) parameters of mobile users

4 3GPP TS 23.127 [18]
5 Services are network functions provided to users and developers, e.g. location information.
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possible. The VHE concept for UMTS was introduced in the standardization process
for the provision and delivery of personalized services across network and terminal
boundaries with the same look and feel for users.

Unfortunately, GRASSHOPPER assumes that agents know network properties
like throughput, etc. These characteristics require a global view of agents which in
general is not present. This shortcoming can be eased through the invention of a so-
called Meta Agent (MeA). The MeA knows the network properties and has the
information about all agents (status, type, etc.).

Finally, we finish these considerations with a description of the four UMTS QoS
classes: conversational, streaming, interactive, and background class. The main factor
distinguishing these classes is how delay-sensitive the traffic is: the conversational
class is meant for very delay-sensitive, while the background class is the most delay-
insensitive. Real-time conversation is characterized by a low end-to-end delay (less
than 400ms). Streaming is a technique for transferring data in such way that it can be
processed as a steady and continuous stream. In the interactive class either a human or
a machine requests on line data from remote equipment. Finally, in the background
class data are delivered generally with delay, since for these data no immediate action
is required.

3 Subtle Problem Fields of Mobile Communication Systems

UMTS leads to a huge variety of mobile applications. The use of these applications
will be accompanied by two subtle problem fields resulting from the heterogeneous
architectures and technologies within mobile communication: the configuration of
interfaces and applications, and the execution of applications with unknown interface
configurations. In the following both problem fields are depicted schematically in an
own section continuing with a description, an example, and a brief discussion.
Finally, each problem field is related to the four UMTS QoS classes [1].

3.1 Incompatible Configuration of User Interface Agents

The execution of applications in mobile devices requires a data exchange with the
network via an over-the-air (OTA) interface. Both, the network and the mobile device
need the user interface agent (UIA) which performs the data exchange and the
communication with each other. Often the situation arises where the configuration of
both UIAs is incompatible. To solve this problem the agents have to be configured, or
more precisely the network UIA must be adapted to the configuration of the UIA in
the mobile device. This can be done by choosing an UIA in the network with a
configuration compatible to the one in the mobile device.

In general agents do not know anything about each other [5]. Hence, an agent is
needed which knows the features of all other agents in the network. This agent will be
called meta agent (MeA). The MeA in the network enables UIAs to ask for an UIA
with specific features, i.e. in this case for an UIA with a compatible configuration.
The example in Fig. 2 depicts this situation: Suppose the user adds a date to the local
calendar of the mobile device. Afterwards the calendar application activates an UIA
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for the subsequent synchronization process (1). Yet, the UIA is incompatible to the
one in the network (2). Thus, in step 3 the MeA is demanded to provide a compatible
UIA. The MeA selects a corresponding UIA (4) and activates it in step 5. If necessary
the new UIA must be equipped with additional information (6), e.g. parameters about
the UMTS network like throughput, and finally, is sent to the interface of the network
in order to correspond with the UIA of the mobile application.

Fig. 2. Incompatible configuration of user interface agents.

Note, the configuration of the agent must be performed during the execution of the
application without any assistance of the user. The configuration process is complex,
since the resources can be distributed within the network. This motivates the use of
planning in order to ease and stabilize the execution. However, agents have in general
only a local view of their environment, i.e. they totally lack interrelated knowledge.
The MeA solves this problem, when the status of each agent is registered in a
database of agents.

The configuration of interfaces and applications is fundamental for all four UMTS
QoS classes: conversation, streaming, interactive, and background.

3.2 Inconsistent Information

Mobile telecommunication systems are distributed systems [6]. In general they
contain in general various databases, which may lead to inconsistencies, e.g. data in
an user calendar are distributed to a central calendar in the network and local
calendars in mobile devices. An example is depicted in Fig. 3: Suppose a date is
added to several mobile devices, e.g. a mobile phone and a PDA6, at different points
of time. For the synchronization both calendar applications send information agents to
the central calendar in the mobile network (1,2). The inconsistency due to the
overlapping points of time must be analyzed and solved: After a negotiation of the
information agents with the display agents of the calendar applications in the mobile

6 Personal digital assistant

1
2

3

4

7
6

5
U IA

In fo r m a tio n
a b o u t a ge nts

M o b ile ne t w o rk

J Sauer
13



devices (the latter may involve the user) one date will be rejected and the
corresponding calendar must be updated, or both calendars are marked with an
inconsistent date.

Fig. 3. Inconsistent data due to distributed calendars in several mobile devices.

Note, the synchronization of both calendar applications can also be done at
different points of time. In this situation the central calendar in the mobile network
must log source parameters of the dates, e.g. mobile device and time of adding.
Furthermore, inconsistencies can be due to time and semantics. The latter requires for
its solution a huge data modeling and inferencing effort [7].

Calendar systems demand that inconsistencies should be solved as soon as
possible. However, in mobile applications to achieving this goal can be difficult since
network resources are limited, e.g. the network can be overloaded during the
activation time for the synchronization.

Inconsistent data may occur in two important UMTS QoS classes: Conversation
and interactive. The streaming and background classes may also transport inconsistent
data. But, both classes incorporate no interaction with the user.

4 Planning to Diminish the Problem Fields

Planning in the area of mobile communication applications has several motivations:
First, resources often are distributed and thus the aggregation of data requires several
actions. Second, inconsistent data lead to negotiation and the coordination of several
parties. Finally, bearer have a limited number of channels, which can require the
execution of several actions via one channel. These problems need planning of
actions, resp. scheduling of actions. In the following the planner Graphplan [4], and
its data representation are described. An example is given for agents transporting
information.

Graphplan is a compiling planner based on STRIPS like domains [8]. Data are
represented as a graph and a plan is computed by propagating constraints through the
graph. The graphs can be computed in polynomial time. However, STRIPS planning

1
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Cale n d ar
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is PSPACE hard. Fortunately, there is empirical evidence for planning problems
providing a promising perspective [4].

As an example agents with limited resources are considered. There are three
operators: agent LOADs information, agent TRANSFERs information, agent
UNLOADs information. Furthermore, an agent can only transfer information, when
resources are still available, and the transfer decreases its resource. The operator
TRANSFER can then be expressed as

(define (operator transfer)
:parameters ((agent ?a) (loc ?start) (loc ?goal))
:precondition ((:neq ?start ?goal)(resource ?a))
:effect((reached ?a ?goal) (:not (resource ?a))))

A typical planning task for this domain has several agents and several data items at
the starting point. The data have to be transferred to the goal. Recall the
synchronization example in Sect. 3.2 for which we assume that there is only one
channel available: starting point is the central calendar in the mobile network, data
items are inconsistent dates, which are to be represented on mobile devices, and the
goal are different mobile devices to which the transfer of the inconsistencies must be
performed.

Many actions are possible for mobile applications: Some important actions for
agents are the request for compatible configurations, the transfer of information, the
status modification of applications / agents (wait, active, …), negotiation with users /
agents, and the monitoring of actions. These actions can be part of plans which must
be computed during the execution of the mobile application with regard to distributed
resources, the availability of agents, etc. In Sect. 5 some open questions for the
described planning framework and their examination are discussed.

5 How to Examine and Solve the Problem Fields

In this section planning is described for the examination and solving of the above
depicted problem fields for mobile communication applications: planning
compilation, an exemplary scenario, and open questions for this planning problem are
considered

Graphplan [4] was the first compiling planner. However, due to performance
reasons BlackBox [9] compiles onto a SAT representation and then uses a fast SAT
solver. This planner gives empirical evidence for real problems as well as Graphplan
does [4]. In the following the problem field described in Sect. 3.1 - incompatible
configuration of user interface agents - is applied to BlackBox. The task is to find a
plan, where one or more of the following situations can occur:
1. The UIA of the mobile application and of the mobile network are both

incompatible. Thus, the MeA must be asked for a new UIA which has to be sent to
the mobile application.

2. None UIA can be transferred within the mobile network. This situation evolves due
to limited network resources.

3. Both former conditions are not given and hence, no new UIA is required.
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4. Suppose an user starts n applications with n incompatible UIA. Consequently, n
new UIA are required. If only n-1 UIA are available, then one application cannot
be executed immediately.

The latter problem has several solutions. The principle first come first serve can be
applied, or more sophistically, the execution of applications can be priorized. For
reasons of demonstration the first case is assumed. The domain has seven actions,
which look as follows (compare with the plan below):

(:action conf-incompatible
:parameters (?a ?a_f)
:precondition (and (activation-checked ?a)

(activation-checked ?a_f)
(not (= ?a ?a_f)))

:effect (not (compatible ?a ?a_f))

)...

(:action inform-user
:parameters (?a ?a_f)
:precondition (and (not (compatible ?a ?a f))

(sent-to-user ?a) (set-agent-wait ?a))
:effect (user-informed ?a)))

The first action checks whether two agents carry compatible configurations, with the
precondition that the agents are activated. Note, the effect includes the closed world
assumption. The second action states that the user must be informed for a delay in the
execution, when the configurations are incompatible and thus a new UIA must be
selected. The used facts look as follows:

(:init (sent-candidate agent-user)
(wait-candidate agent-user)
(activated agent-user)
(activated agent-network)
(uia-exist agent-user agent-by-meta)

... )

For example, the first fact states that the agent agent-user can be sent to a mobile
device. The goal can then be formulated as

(:goal (execute-application-with-agent agent-user))

which leads to the following plan

(set-agent-status-to-wait agent-user)
(set-message-to-user agent-user)
(check-activation agent-user)
(check-activation agent-network)
(conf-incompatible agent-user agent-network)
(inform-user agent-user agent-network)
(request-meta-agent agent-user agent-by-meta)
(sent-agent-to-mobile agent-by-meta agent-user)
(execute-application agent-by-meta)
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As this simple example demonstrates, the generated plan is short. However, in mobile
communications millions (approximately 40-60) users are expected with the need to
generate plans. Positive, this prototypical example gives evidence for the applicability
of planners to the described problem field. However, several core questions remain:

1. Real-time: Can planning be applied to the configuration during the execution of
mobile applications for UMTS? In general users are only waiting a couple of
seconds for an answer, and most of this time is required for the execution of
network operations.

2. Interactivity: Can agents negotiate with users in order to acquire more information
before/ during the planning process [15]? A comprehensive example for the
performance planning of elevators is given in [21].

3. Scaling: How many entities may be contained in a planning process (see above)?
4. Solvability: Are planning domains of mobile applications solvable? Due to reasons

of usability users must be served within a specific time limit.
5. Scratch planning: Exist identical subsequences of actions in different plans which

enable one to build a library of partial plans [16] or is planning from scratch
without a library more appropriate for the execution of mobile applications?

6 Related Work and Conclusion

A large number of multi-agent systems exists [5]. First applications from the mid 90th

are e-mail filters and entertainment recommendations [12]. The former agents have
the task to priorize, to delete, to forward, and to archive e-mails based on a technique
similar to memory-based reasoning. Whereas in the latter application agents select
cinema films, books, etc. from different users. The core idea is that users preferring
similar books also prefer similar videos (correlation). MAS have also been applied to
telecommunication applications with distributed resources [2]. Unfortunately, the
above described challenges (Sect. 2) cannot be solved with existing MAS since they
do not incorporate adaptivity of e.g. interfaces to the varying environment of mobile
applications. Adaptivity of AI systems can be reached e.g. by planning.
However, to the authors’ knowledge no planner exists today for mobile applications
that incorporates capabilities of agents like negotiation into the planning process.
Current examination is the extendibility of planners by MAS for the solution of
conflicts like inconsistent information. Subtle problem fields for these tasks have been
identified, related to the four UMTS QoS classes and described with examples. These
challenges will be applied to planning with MAS. A simple example with the STRIPS
planner BlackBox has been shown. In a next step, this domain will be converted to
ADL (PDDL+) and applied to a modern planner like FF or Talplanner. Additionally,
this example must be refined by CAMEL and IN technology in order to migrate
mobile applications from 2.5G to 3G (for a brief introduction to MAS and the
migration we refer to [13]). The open questions depicted in Sect. 5 are in the main
focus of our current research.
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Abstract. Urban design is a creative task that demands the balancing of issues
from multiple domains such as architecture, zoning laws, traffic planning, and
others. As such, classic design models based on the assumption of the designer
wandering through a monolithic design space guided by largely predetermined
requirements turn out not to hold here, instead the designer constantly alters his
point of view and will frequently re-evaluate his precepts to arrive at better or
even simply innovative solutions. We are working on a formalization of this state
of affairs. Instead of a global design space, the design is described in terms of
perspectives between which the designer shifts during work. Design knowledge
is incorporated both in the description of the perspectives and the translations that
occur between them.

1 Introduction

A design can be described as a mapping process from a set of specifications to a set
of object descriptions [18]. This comes from the fact that in order to be a useful tool, a
computer has to yield predictable and therefore deterministic results. Creative design on
the other hand not only involves unpredictable results but very often involves the adapta-
tion of domain models during the design [7, 19]. Moreover, the choice of representation
for a design problem to a large degree determines the set of possible solutions [14].
Therefore, computer support for design should provide for heterogeneous representa-
tion of design problems and admit modifications of any implicit assumptions at any
stage of the design process. This paper aims at modelling the relationship between the
open and flexible aspects of a design on one hand, and the deterministic aspects on the
other, by explicitly representing the design in terms of the designer’s perspectives. In-
stead of a view of the design process as a rigid sequence of design steps with infrequent
revisions of the design goals, we gain a view that is characterized by interleaving of
design object and design constraint changes (where the constraints may include restric-
tions that were originally phrased as design goals, a property relevant for innovative or
creative design processes [16]).

While the interchange between the different perspectives is treated on a very simple
level in this paper, more powerful mechanisms and representations can be imagined.
Multi agent systems have been shown to be valuable tools for understanding design
processes [9, 15]. In order to support design processes, artificial agents could take the
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responsibility for certain aspects of the design, leaving the human designer(s) with less
cognitive load and therefore more freedom in the design process [13]. Human designers
can be considered natural agents in such a co-operative distributed problem solving
setup.

In the next section, we present an example of a creative design process that exhibits
the properties which we wish to see incorporated in design representations. In Section 2,
we present a formalization that captures the intent of the perspective-based view. We
close with discussion and outlook.

1.1 An Urban Design Example

We now examine a designer’s behavior in the context of a task that incorporates multi-
ple, shifting sets of criteria and design parameters. The example design task is to create
an urban design for a limited site, shown in Figure 1. At the time of the design, there are
no roads, no technical infrastructure and no buildings on the site, but a railway forms
the western and an existing road the eastern border of the area.

Fig. 1. Boundary conditions

Let us assume the external priorities of achieving a mixed residential and commer-
cial use with maximum density and a good integration with the surrounding sub-urban
area. Residential use means houses for private use, living and commercial activities that
do not generate pollution and noise. Commercial use on the other hand is understood
to encompass office buildings, factories, and storage compounds. The density measure
can be expressed as the ratio of usable developed space to used surface area, and Inte-
gration describes the number and quality of connections to the surrounding street and
public transport network, as well as compatibility of new building types to be erected
on the site with existing types in the area or its surroundings.
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Figure 2 shows initial attempts to arrive at a basic partitioning of the site according
to usage types (residential, commercial).

Upon closer examination, it turns out that the proximity of the railway on the west-
ern border is an obstacle for residential development due to increased noise and the
isolating effect of the railroad. On the other hand, a rail connection can be an advantage
for commercial use. Therefore, the designer decides to designate the south-eastern part
to residential development and the rest of the site to commercial use.

Fig. 2. Resulting partitioning of site (simplified)

The limits of the residential and commercial sub-sites are implicitly considered to
be streets of some kind. Now the designer concentrates on the residential area. In order
to come to an understanding of the possible density, an initial typology must be chosen.
Since the area is adjacent to a less developed suburban area, typologies relying on high
buildings, such as the high-rise building typology, are not taken into consideration. The
initial decision is to fill the area with only single family houses (similar to those shown
in Figure 3). This typology is very popular but also requires more space than other
typologies.

Taking the minimum distance for single family houses into account, a regular recti-
linear pattern with strict east/west roads might be the initial result for building arrange-
ment, and could be used to give a first estimate of the possible density for this type.

This pattern is the result of constraints and the goal of maximizing urban density, but
the pattern itself is of course too monotonous. But the designer takes this first approach
as the basis for some experimentation with street layouts, such as a wave-like form.
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Fig. 3. Single family home

Figure 4 shows the a sketch which the initial waveform sketch and individual houses
having been subsequently sketched in.

When density turns out to be lower than desired, a wave-like pattern is examined
since it would allow for higher density without becoming unpleasantly monotonous, but
the increase in density turns out to be insufficient. The required density could instead
be achieved by the use of a less popular typology such as the row houses shown in
Figure 5.

The introduction of row houses would solve the density requirement but will again
lead to a dull and less creative outcome. The existing assumptions on typologies, re-
quired density and lighting and the shape of the residential area are limiting the possible
allocation of buildings and streets to a point that only leaves very uninspired and bor-
ing designs. The designer could now reconsider the choices made the beginning of the
design process like the shape of residential development. But he wants to experiment
with possible variations of shapes and their impact on the resulting density. He chooses
to ignore the limitations of existing typologies, lighting and accessibility for the time
being and moves individual rooms, introduces a 90 degree turn of first floors in the un-
derlying row house. He remembers the original idea of a wave-like form and applies it
only to the first floor of buildings, as shown in Figure 6.

The result is that the designer has created a new type of residential house, and
the new typology is used as the general design guideline for the residential area. The
original set of constraints describing possible designs has been altered. Figure 7 shows
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Fig. 4. Initial thoughts on partitioning the site (original sketch)

Fig. 5. Row houses
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Fig. 6. Creative Alteration of Underlying Typology
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a representative of the class of possible designs that can be produced as a result (by
instantiating building sizes and distances). The urban design itself consists of the new
constraints as well as the set of examples that exhibit the application of the constraints.

Fig. 7. Final Design

2 A Perspective Based Design Model

2.1 Perspective in Architectural Design

Architecture and urban design have evolved out of classical building professions by
means of abstraction: The geometrical perspective and the use of scales enabled the
architect to concentrate on geometric properties of objects independently of materials
used or the building process itself [2]. Perspective can be translated as ”view”, since it is
the image one receives of a building if seen from a certain viewpoint. But the geometric
perspective as developed in Italy in the Renaissance is not the only way to describe
the image an individual perceives at a given point and time. It is one possible form of
abstraction based on certain assumption on the nature of human eyes, the behavior of
light in our environment and the geometry around us [8]. In a more general sense, the
word perspective can be used to describe a view of a situation. Perspective as a term
is also used to describe views on data sets or simply different ways to look at things.
The term distributed perspectives is introduced to describe the concept of incomplete
and possibly inconsistent design information distributed over different representations,
stages, design teams or computers.
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2.2 Modeling Perspectives

In order to support a view of the design process that results in the creation (or shaping)
of an appropriate set of design solutions rather than the selection of a single design
solution, our formalization takes the view that the design process takes place in a set of
multiple design spaces, with the focus shifting between the different spaces in a flexible
manner. We refer to these different design spaces as perspectives.

Formally, we describe a perspective by a pair
�
O,S � , where O, the object description,

a set of ground facts, and S, the specification, is a set of formulas typically referring to
the the predicates occurring in O. Note that the definition of O is equivalent to the
definition of a design object description in [3].

In general, multiple perspectives will exist for a given design task. We refer to a
particular perspective

�
O,S � as internally consistent if O satisfies S (or, if O � S is

consistent).
Example: In the urban design example, perspectives would include: typology (re-

ferring to the type of house and its relation to the ground it is built on), 2D technical
(referring to the street grid), area (referring to the geometrical properties), building den-
sity, lighting, and others.

Perspective typology is:
predicates: type, � (”preference”)
object description:

type(single family)
specification:

single family � row house � .... � high rise

Perspective 2D-tech is:
predicates: street grid
object description:

street grid(regular)
specification:

Perspective area is:
predicates: corner,side,...
object description:

corner(c1,123,30),border segment(line1,c1,c2)...
specification:

Perspective 3D is:
predicates: ”geometric predicates”
object description: ”in terms of spatial coordinates”
specification:

2 objects cannot be in the same place
streets must be positioned on the ground
houses must be positioned on the ground
...
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Perspective lighting:
predicates: ”arithmetic comparison”
object description:
specification: lighting(House,Angle) � Angle � 45

Perspective density:
predicates: ”arithmetic comparison”
object description:

specification: density(X) �� X � 2

Figure 8 shows the interplay (translations) between the various perspectives in the
example.

3D

density

2D techtypology

lighting

Fig. 8. Perspectives in Urban Design Example

2.3 Translations

During the design task, there are two kinds of individual design steps performed by
the designer. For now, we only consider the first kind; it could involve the addition,
removal, and alteration of facts from the object descriptions, as well as the addition and
removal of specification constraints within a particular perspective. An example for the
first category would be the actual insertion of houses into the design. An example of the
second would be a changed specification of how many streets in the internal grid of the
2D-tech perspective would have to connect to streets external to a given area. (Note that
by specifications we mean restrictions specified on the design object by the designer,
not restrictions that are given to the designer as part of the problem description. The
latter we refer to as requirements.
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However, alterations in one perspective, either of design objects or constraints, will
often also imply alterations concerning a different perspective, such as the shift to a
different typology resulting in different numerical house dimensions in the 3D model.
These dependencies between perspectives are specified in terms of translation func-

tions. A translation A �� B is a mapping from specifications in perspective A to re-
quirements in perspective B. In particular, evaluations of design objects according to
different criteria such as lighting or building density could be expressed in terms of
translations to the appropriate lighting or density perspective. Typical translations in
our example would be:

typology �� 3D

2D-tech �� 3D

3D �� density

3D �� lighting

Given a set of perspectives
�
Oi,Si � and translations between those perspectives,

we say that perspective B is consistent with A (or consistent in relation to translation
function ���

���� ), if the translation function ���
���� exists, �	� is the specification of

perspective � , �	
 is the specification of perspective 
 , and � � �������
 ��� is consistent

with ��
 .
A consistent design is a design such that (a) all perspectives are internally consistent,

and (b) for each pair � , 
 of perspectives, � is consistent with 
 if a translation from

 to � exists.

The second kind of design step referred to above would now consist of alterations
to the definition of the design translations themselves, e.g., using different default prop-
erties for the spatial arrangement of houses in a given typology.

The distinction between specifications and requirements is a major distinguishing
element from design approaches such as the DESIRE system [3]. The relaxations of
design constraints that occur as part of creative design processes as described in the
introduction are reflected by according different priorities to requirements (external to
perspectives) and specifications (internal) when checking consistency. Inter-perspective
consistency violations can be tracked as envisioned in [9].

2.4 Related Work

In [6], a centralized repository for design information is proposed that can be accessed
by multiple tools involved in the design process. Hardcoded ”filter” processes map in-
formation to the central repository and back.

An approach that expresses multiple viewpoints for a design was described in [4],
specifically aimed at the representation of software designs. There is no global con-
sistency check, instead viewpoint-internal and pairwise inter-viewpoint consistency
checks are assumed to be triggered at appropriate points determined by the particu-
lar software development method used. When an inconsistency is determined, a set of
potential resolution actions defined by the method designer can be applied. In [17], per-
spectives are considered as the main mechanism for modularizing a design process, and
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”viewpoints” are introduced as subdivisions inside perspectives. For structural descrip-
tions, the information content of descriptions in different viewpoints can be compared.

3 Implementation

The distributed perspectives prototype has been implemented on the basis of a multi-
agent system. Agent-based programming was applied more in the sense of software
engineering [10] than as an implementation of the belief-desire-intention theory [12].
The human designer performs changes in some of the available perspectives and agents
are used for translating between perspectives. Therefore, there is no control structure
for designing (the human designer is free to choose among possible design steps).

Fig. 9 shows the software architecture chosen on the example of a translation func-
tion from the 2D layout perspective to the 3D layout perspective. The 2D layout per-
spective is implemented as an extension of the commercial CAD software, Microsta-
tion. Design support is provided through one or many design agents implemented in
the JESS [5]. Communication between perspectives and translation functions is imple-
mented through the JADE agent framework [1].

Translation of the 2D layout specifications into 3D layout requirements is provided
in the following fashion: If a new or updated grid is selected in the 2D layout perspec-
tive, the JADE agent sends a message to all relevant translation functions containing the
updated specifications. The JESS system implementing the translation function from the
2D layout to 3D layout receives this message, translates the 2D grid specifications to 3D
layout requirements and adds rules for achieving these requirements. Then the transla-
tion function JESS system sends a message to any relevant perspectives containing new
rules for the 3D layout through a JADE agent. The 3D layout perspective receives this
message through a JADE agent and a design support agent incorporates the new rules
into its rule base. Depending on the kind of translation performed, the new rules can be
used for design automation or design critique.

4 Conclusion and Outlook

The design model presented in this paper can be used as the basis for distributed com-
puter supported co-operative design support systems. The perspective based approach
provides the ability to separate knowledge sources about individual aspects of the prob-
lem domain. The perspective-based consistency definitions facilitates the shift to a cre-
ative design model where design requirements can be subject to re-evaluation depend-
ing on design decisions made in different perspectives, one of the defining properties
in creative design. Design solutions created with such a system are potentially more
flexible in that variations of a given design can be generated easily by using translation
functions. Complete sets of previous design perspectives with their respective trans-
lation functions offer the opportunity of re-living the design space used to generate
a specific design solution. In this fashion, design rationale is implicitly conserved for
future use.
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Abstract. The work described in this paper presents an approach on scheduling 
in a virtual enterprise in the tourism sector. This scheduling scenario has to rec-
oncile customers’ and service providers’ interests. That is, the customer’s tem-
poral constraints on when to consume the service, and the service provider’s 
preferences on when to accept a booking. An algorithm is being developed for 
this situation, that incorporates both sides’ interests by first taking the custom-
ers restrictions, and then finding the highest preferred solution for the service 
provider within these limits. This is not done in a setting of competing agents 
each solving his local problem [1], but in a single composite problem that is 
solved by the virtual enterprise using the algorithm presented in this paper. 
The research described in this paper is part of the MOVE (Management and 
Optimization of Business Processes in Virtual Enterprises) Project of the Elec-
tronic Commerce Competence Center in Austria, whose ultimate goal is to de-
velop a reference implementation of a virtual enterprise in the tourism sector, 
where the field of tourism is just one scenario where we want to try and prove 
our ideas and findings for the more general field of virtual enterprises in the 
service sector. 

1   Introduction 

The work presented here is part of the development of a virtual enterprise system in 
the tourism sector [3]. As a whole system, the virtual enterprise shall enable the dis-
tributed community of service providers in the tourism sector to jointly achieve higher 
sales by using internet technology. Therefore, the disperse scheduling that happens at 
every service provider locally for bookings that are received via traditional means like 
phone and fax is integrated into the virtual enterprise system to support ad hoc infor-
mation about available services and booking for the customer. The virtual enterprise 
will support the customer in assembling his individual holiday package by offering 
advice and suggesting services, based on the customer’s profile and previous book-
ings, as well as helping him to find the best and cheapest offer. The work presented in 
this paper logically follows this process of holiday package definition, taking those 
decision as given, and suggesting a scheduling algorithm that reconciles these cus-
tomer wishes with the preferences of the service providers with respect to their current 
booking situation. 
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All together, the presented algorithm that is used in the virtual enterprise is part of 
the automated scheduler, that enables the system to offer the customer the swift replies 
needed in the e-marketplace. On the other hand, this algorithm plays a central role in 
supporting the service providers to assert their preferences. 

2 Problem description 

This paper will examine the scheduling problem in a virtual enterprise in the tourism 
sector. The basic functionality of the virtual enterprise to the customer shall be to offer 
a one-face-to-the-customer service. That is, the customer can browse through a collec-
tion of all the offered services of a large set of service providers that participate in the 
virtual enterprise. Above that, the virtual enterprise will support the customer in find-
ing the best and cheapest offers. 

To the service provider, the virtual enterprise offers a matching and sales function-
ality, e.g. the virtual enterprise routes customers’ service requests to the appropriate 
service providers. Furthermore, the virtual enterprise actively endorses service provid-
ers’ interests and preferences, e.g. preferred booking times, preferred customers, etc. 
and supplies the service providers with aggregate information of customers’ demands. 

So, the virtual enterprise takes a reconciliation function between the interests of 
customers and service providers. This has to be incorporated into the scheduling algo-
rithms. 

3 Scheduling in a Virtual Enterprise 

3.1 Basic scheduling procedure in the Virtual Enterprise 

As outlined above, the Virtual Enterprise in our tourism scenario shall offer a one-
face-to-the-customer approach that enables the customer to assemble a complete holi-
day package. That is, an arbitrary composition of different kinds of services will be 
assembled by the customer. The overall problem will break down into two layers of 
scheduling problems. On the upper layer, the scheduler will have to find a sequence of 
the selected services that is feasible and meets the customer’s requirements. On the 
lower layer, that is concerned with the individual schedules of the service providers, 
the services have to be scheduled into these individual schedules. Obviously, those 
two scheduling layers cannot be considered independently, but have to be resolved 
hand in hand to result in a global, feasible, and customer-satisfying schedule. 
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Figure 1 Two-layer scheduling problem 

Take a look at the upper part of Figure 1. In this example of an upper level schedule, 
the customer has chosen an outward flight O and a return flight R, which mark the 
timeframe for his holiday stay. Between those two operations, the customer wishes to 
attend three different kinds of leisure activities L1, L2 and L3 in an arbitrary se-
quence. All three of them shall be carried out in the same timeframe, sometime be-
tween arrival and departure, and must not overlap. All three activities have a prede-
fined duration. But while L2 and L3 can start any time, L1 can only be carried out 
within some predefined timeslots. In the figure above, the timeslots where activity L1 
can be carried out are the solid lines between the vertical lines (plus the slot where L1 
is temporarily scheduled), while the time spans where the service is not offered are 
represented by the dashed lines. The scheduler now has to find feasible sequences, i.e. 
a schedule for those operations within the given constraints. A feasible solution is 
already shown in Figure 1. 

Now the scheduler can check with the service providers’ schedules on whether 
there still is available space for the respective services at these times. As an example, 
the lower part of Figure 1 shows the lower level schedule of a service provider for 
activity L2. As can be seen, this service provider offers two resources R1 and R2 for 
this service, on which bookings are accepted. The boxes labeled x1 through x8 are 
other customers’ reservations that were done previously. In this case, the desired 
booking of L2 is still possible on R1. 

For every operation in the upper level schedule (i.e. O, R, L1, L2, L3), the sched-
uler has to check with the respective lower level schedule for booking possibility. 
Only then, the upper level schedule is valid in the way that besides fulfilling all cus-
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tomer wishes and restrictions, it could actually also be booked in that way with the 
service providers. 

 
The idea now is to get all the relevant lower-level schedule information first, and 

integrate it into one composite scheduling problem, rather then first generating a fea-
sible upper level schedule and then querying the lower level schedules on whether 
they still offer available space for that times. To do that, we suggest the following 
procedure that are based on the assumption of real-time interoperability, i.e. a perma-
nent data connectivity between the virtual enterprise system and service providers, as 
done in other work like [2]: 

 

Figure 2 Sequence of a smart two-level scheduler 

 
The integration of lower-level information into the upper-level scheduling problem 
yields the following, integrated scheduling problem: 
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time

 
Figure 3 Composed single scheduling problem 

The gray areas show the timeframes within which the respective operations can still be 
scheduled in the lower-level schedules. On the search for feasible solutions, the upper-
level scheduler can move the respective operations back or forth within those gray 
areas. Until now we have assumed that service providers are indifferent about when to 
accept a booking, as long as scheduling takes place within the gray areas, i.e. the still 
available timeslots.  

Proceeding one step further from here, we can now incorporate service providers’ 
preferences. The desired result is to replace the plain gray areas with preference func-
tions that assigns a preference value to each point of time of the available timeslots, 
representing the service providers’ desire to receive a booking for that point of time. 

1 receive to-be-scheduled operations O, R, L1, L2, L3
2 fetch needed parts of lower-level schedules
3 merge schedules
4 generate a feasible schedule
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3.2 Preferences 

We assume the service provider’s desired goal to be a full utilization of his resources. 
Therefore we link the preference function to the booking status, i.e. the number of still 
available resources at a given point in time. So the first step is to generate a function 
that represents this availability over the lapse of time. 

With respect to this, we can distinguish two kinds of services. Those where indi-
vidual bookings are done for points in time and do not overlap in time; and those 
where bookings can be done anytime, maybe even for an arbitrary duration, and hence 
potentially overlap in time on the different resources.  

An example for the first case would be theater seats. It is easy to generate the avail-
ability function for this case. For each of the bookable points in time, the number of 
still available resources is added up, thus generating a discrete availability function 
over the lapse of time, as depicted in Figure 4: 
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Figure 4 Discrete availability function 

Let us say we are now at time zero in the figure above. A customer wishes to consume 
this service provider’s service. He is indifferent about when to consume it, as long as 
it is sometime between time five and sixty. The exemplary service provider could 
prefer to schedule this customer in a slot at time forty over scheduling him in the last 
remaining slot at time fifty. The reason for that being, that if the customer was booked 
for the last spot at time fifty, and later another customer wishes to consume the ser-
vice, but restricts his whish to only the slot at time fifty, the service provider would 
lose this second customer. If he had booked the first customer into a slot at time forty, 
he could have also served the second customer by booking him for the slot at time 
fifty, without penalizing the first customer. 

To sum it up, the service provider could prefer booking customers into less booked 
times, over times where there already are plenty of reservations. Therefore, we could 
deduce a preference-function from Figure 4 that would basically look exactly like the 
availability function. Each possible timeslot t in the schedule for service S is given a 
preference value V. The preference-function then looks like this: 

 
VtpS =)(  

 
In the example above, given 
 

}50,40,30,20,10{=t  
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the functional values are 
 

}1,3,0,2,1{=V  
 

 
The second category of services are those where services on different resources over-
lap in time. Such services generate continuous availability functions. We will now 
focus on this tougher situation of overlapping bookings and present our algorithm for 
solving that problem. 

 
Our solution is a dynamic approach. To find the available timeslots for every point in 
time, we have to take the already scheduled operations from their assigned resources 
and reassign them – that is, we potentially shift them to other resources, but don’t 
move them back or forth on the time axis. By doing so, we want to maximize the 
available gaps between already scheduled services. 

The rules for this algorithm are the following: 
 

0a put all operations into the repository
0b consecutively number the resources, starting with number 1

1 take the operation from the repository with the earliest start time
2 put the operation on the resource with the lowest possible number
3 renumber the resources:
3a     all resources with numbers up to the number of the resource the last operation has been put onto
3b     the resource with the operation with the latest finish time gets number one, etc.
4 go to step #1  
Figure 5 Rules of the dynamic approach 

 
Let us go through that procedure by means of a new example and a couple of figures. 
Before the procedure starts, all operations are taken out of the schedule and put into a 
repository with no order (step #0b in Figure 5). 
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Figure 6 Reassigning the consecutive numbering (step #3 of the rules) 

At the top of Figure 6 we can see the repository with the operations initially placed in 
it. We have taken them off the resources, but kept their position in time. The opera-
tions are numbered consecutively according to their starting times. That is, x1 has the 
earliest starting time, all the way through to x16 with the latest starting time. 

We have chosen an example with operations of standardized durations. But the 
considerations are also fully valid for operations with variable durations. 

According to step #0b, we consecutively number the resources. As can be seen in 
Figure 6, each resource, R1 through R4, has two horizontal lines. The upper line will 
be the line to place the operations on. On the lower line we will place balls with num-
bers in them, that show this consecutive ordering of the resources that is needed for 
the algorithm. 

Following step #1 from the rules, we first take the operation with the earliest start-
ing time from the repository – that is x1. Step #2 tells us to put that operation on the 
first available resource, starting with the lowest resource number. Since all resources 
are still completely free, we place operation x1 on resource R1. 

Steps #3a and 3b only really have an effect if we had to place an operation on an-
other resource but the one with the lowest number. So lets skip those steps for now. 
That brings us to step #4, which basically just tells us to loop back to step #1. 

Figure 6 actually shows the situation of our example for the second loop. We have 
taken operation x2 from the repository, and had to put it on R2, because it overlapped 
with x1 on R1. So let’s now examine step #3 of the rules. According to step #3a, we 
have to consider renumbering all resources with numbers lower or equal to the one we 
have put the last operation on. The last operation, x2, was put on R2, which has the 
number 2. So we will regard resources with numbers 1 and 2, which are resources R1 
and R2. 
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Step #3b instructs us to find that one resource among the considered ones, that 
holds the operation with the latest finish time, and assign it the new number 1 – that is 
resource R2. Still in step #3b, we continue looking for the resource with the operation 
with the second latest finish time – that is resource R1, to which we assign the new 
number 2. Now we are done, and loop back to step #1. If we proceed following these 
rules, we complete our procedure with the result as seen in Figure 7. The upper part 
shows the final schedule that maximized the free time gaps. The lower part depicts the 
time gaps that are bigger than the to-be-scheduled operation. 
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Figure 7 The schedule completion 

 

3.3 The preference function 

For a continuous preference function, we want to convert the availability function. We 
do that by evaluating every point in time of the availability function with respect to the 
quality of this position for being the starting time of the to-be-scheduled operation. 
This evaluation follows the single rule, that the quality of a position is determined by 
the minimum available resources within the time span of the operation. To illustrate 
this procedure, the following figures show the process of creating the preference func-
tion: 
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Figure 8 Step one 
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Figure 9 Step two 
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Figure 10 Step three 
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Figure 11 Step four 

 
Starting with Figure 8, the to-be-scheduled operation is moved along the time axis. 
Following the mentioned rule, this procedure generates the preference function. Fig-
ures 8 through 11 show the to-be-scheduled operation at transition points of the avail-
ability function that affect the preference value. E.g. in Figure 9, there is a transition 
from two to one available resource at the end of the to-be-scheduled operation in its 
current position. According to the rule, this results in a preference value of one, start-
ing at the time point at the beginning of the to-be-scheduled operation. In Figure 10, 
the to-be-scheduled operation again only spans parts of the available resource function 
with two available resources. Thus, the preference value skips back to a value of two.  

 
The final preference function can then be seen in Figure 12. 

 

J Sauer
40



 

 

av
ai
la
bl
e

re
so
ur
ce
s

0

1

2
3

4

10 20 30

time

40 50 600

pr
ef
er
en
ce

va
lu
e

0

1

2
3

4

10 20 30

time

40 50 600

 
Figure 12 Final preference function 

To sum up, for each point in time t, the function represents the quality of the position 
of the to-be-scheduled operation with starting time equal to t. The ranges of the pref-
erence function with value zero denote ranges where the service cannot be scheduled. 

4 Conclusion and outlook 

Feeding the preference functions into the upper-level scheduler, it can now try to find 
a schedule that maximizes the overall total of preference-values of all involved service 
providers. Let S be the involved services that are to be scheduled, n the number of 
involved services, t the scheduled time of a service, and p the preference-function of a 
service, then we can formalize the goal of the upper-level scheduler to be: 
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1
∑
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i
iS tp
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The result of all the concepts we have presented so far is one integrated scheduling 
problem that is solved to maximize the overall service providers’ preferences. The 
customer defines his desired set of services with some restrictions with respect to 
ordering and times. The scheduler fetches the preference function for the considered 
timeframe from each service provider, upon which he then generates the optimal 
schedule. 

Herewith, we have presented the basics for solving a scheduling problem in a vir-
tual enterprise in the service sector with it’s specific requirements to satisfy the service 
providers’ interests with respect to their occupancy situation. An algorithm has been 
presented that returns a preference value based on a given schedule and a to-be-
scheduled operation. 

The next step will be to find the best algorithm, that uses the preference values to 
generate a schedule that maximizes the sum of the service providers’ preference val-
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ues. In future research, we will also elaborate on different kinds of service provider 
preferences, as well as concepts for easing up the tight restriction of not being allowed 
to move previously scheduled services back and forth in time. 

Later, the concepts will be integrated in our touristic virtual enterprise system, that 
is being developed here in the EC3 MOVE (Management and Optimization of Busi-
ness Processes in Virtual Enterprises) project as a scenario to try and prove our ideas 
and findings for the general field of virtual enterprises. 
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Kurzfassung. Während bestehende Methoden zum wissensbasierten Konfigu-
rieren in erster Linie auf Wissen über strukturelle Zusammenhänge basieren,
kann es von Vorteil sein, auch Wissen über das Verhalten der Konfigurations-
objekte bzw. des zu konfigurierenden Systems für die Problemlösung zu
nutzen. Das vorliegende Papier zeigt Möglichkeiten auf, wie Ansätze zum
regel-, struktur-, constraint-, ressourcen- und fallbasierten Konfigurieren so er-
weitert werden können, dass vorliegendes Verhaltenswissen zur Problemlösung
beiträgt und bewertet die Konfigurationsmethoden hinsichtlich ihrer Eignung
für ein verhaltensbasiertes Konfigurieren.

1 Einleitung

Für die wissensbasierte Konfigurierung technischer Systeme existiert eine Reihe von
Methoden, deren Problemlösungsmechanismen in erster Linie auf Wissen über
strukturelle Zusammenhänge, jedoch kaum auf Wissen über das Verhalten des zu
konfigurierenden Systems basieren. Dagegen kann die Berücksichtigung des System-
verhaltens bei der Konfigurierung eine große Rolle spielen, insbesondere bei Anwen-
dungen, bei denen dem Benutzer das Verhalten des konfigurierten Systems wichtiger
ist als sein struktureller Aufbau. Dieses kann z.B. bei der Konfigurierung softwareba-
sierter Systeme aus vorgefertigten Softwarebausteinen der Fall sein (vgl. [21], [22]).
Mit der Einbindung von verhaltensbasierten Methoden in bestehende Konfigurations-
methoden verfolgen wir das Ziel einer tieferen Modellierung und damit einer mög-
lichst weitgehenden Unterstützung des Konfigurierungsprozesses durch das Verhal-
tenswissen. Dieses setzt voraus, dass
• neben dem Wissen über die Struktur des zu konfigurierenden Systems bzw. seiner

Komponenten auch Wissen über dessen bzw. deren dynamisches Verhalten
adäquat modelliert werden kann.

• das Verhaltenswissen (ebenso wie das Strukturwissen) Konfigurationsentschei-
dungen ermöglicht, also Schlussfolgerungen auf die Struktur der Konfiguration
zulässt.
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Das vorliegende Papier zeigt Möglichkeiten auf, wie verschiedene bestehende
Konfigurierungsmethoden um verhaltensbasierte Ansätze erweitert werden können,
und stellt einen Vergleich der Konfigurationsmethoden im Hinblick auf die Eignung
für solche Erweiterungen an. Verhalten kann in unterschiedlichster Form vorliegen
bzw. modelliert werden (z.B. kontinuierliches Verhalten in Form von mathematischen
Gleichungen bzw. Differentialgleichungen, Interaktionsdiagramme, Simulations-
modelle, diskretes Zustandsverhalten in endlichen Automaten oder Pertrinetzen). Wir
beschränken uns hier auf ein Verhaltensmodell in Form von Statecharts, das in der
Praxis, z.B. bei der Entwicklung und Konfiguration eingebetteter Systeme, eine große
Rolle spielt.
Nach einer kurzen Beschreibung der anwendungsseitigen Ausgangsbasis und einer
Behandlung der Begriffe Konfigurieren und verhaltensbasiertes Konfigurieren folgt
in Abschnitt 2 eine Kurzübersicht über die untersuchten Konfigurationsmethoden.
Anschließend (Abschnitt 3) findet eine Diskussion unterschiedlicher Möglichkeiten
zur Ausnutzung von Verhaltenswissen für den Konfigurierungsprozess in den
vorgestellten Konfigurationsmethoden statt. Das Papier endet mit einer Zusammen-
fassung und Gesamtbewertung (Abschnitt 4).

1.1 Ausgangsbasis: Verhaltensmodellierung mit Statecharts

Die folgenden Betrachtungen fokussieren insbesondere auf den Anwendungsbereich
der Konfiguration von Software für eingebettete bzw. reaktive Systeme. Typische
Eigenschaften solcher Systeme sind u.a. (vgl. [4], [14]):
• Interaktionen zwischen mehreren Prozessen, die parallel ablaufen, sowie zwischen

Teilsystem und Systemumgebung (insbesondere Sensoren, Aktuatoren, andere
eingebettete Systeme).

• Ein System hat viele mögliche Betriebsszenarios (abhängig vom inneren Zustand).
• Begrenzte Ressourcen (Rechenzeit und Arbeitsspeicher) aus Kostengründen.
• Einsatz oftmals in sicherheitskritischen Bereichen.
• Es bestehen häufig zeitliche Anforderungen an den Betrieb des Systems und die

Reaktion auf Inputs.
Für die Modellierung von eingebetteten Systemen werden oftmals Statecharts (vgl.
[13], [14]) eingesetzt, die herkömmliche endliche Automaten insbesondere um
Techniken zur Repräsentation von Parallelität und Interaktion, aber auch um
hierarchische Modularisierung, echtzeitliche Bedingungen und Historie erweitern.
Im folgenden gehen wir von einem Anwendungsszenario aus, in dem ein reaktives
System konfiguriert werden soll, für dessen Komponenten Wissen über das reaktive
Verhalten bekannt ist und in Form von speziellen Statecharts vorliegt. Abbildung 1
zeigt z.B. das Zustandsverhalten eines Fahrzeug-Softwaremoduls „Geschwindigkeits-
abhängige Fenstersteuerung“. Hier wird das Zustandsverhalten mit Zustandsvariablen
modelliert, wobei angenommen wird, dass im zeitlichen Ablauf in der Betriebsphase
immer genau ein Zustandswert aus einer Menge von vorgegebenen Werten für diese
Zustandsvariable aktiv ist. Transitionen zwischen den Zustandswerten sind ereignis-
bedingte Übergänge, wobei unterschieden wird zwischen internen Ereignissen (also
Ereignisse, die durch Zustandswertwechsel anderer Zustandsvariablen ausgelöst sind)
und externen Ereignissen, welche im Modell nicht detaillierter abgebildet werden
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(hier liegt also die Modellgrenze). Der Zustand einer Komponente zu einem Zeitpunkt
ist das Tupel aller aktiven Zustandswerte dieser Komponente, der Zustand des
Gesamtsystems (oder des jeweilig konfigurierten Teilsystems) ist das Tupel der Zu-
stände der Systemkomponenten. Solange keine Transitionsbedingung erfüllt ist, bleibt
ein Zustand aktiv.
Zusätzlich zu dem Wissen über das Zustandsverhalten der Komponenten liegt Wissen
über die Funktion (also das zu erzielende Verhalten) des zu konfigurierenden Gesamt-
systems vor, in Form von einzuhaltenden Bedingungen an das Zustandsverhalten, wie
z.B. erlaubte oder verbotene Transitionen (näheres s. [22]). Weiterhin kann restrik-
tives Wissen über globale Abhängigkeiten von Zustandsvariablen voneinander vor-
liegen, die nicht explizit einer Komponente zugeordnet sind.

Abb. 1. Modelliertes Verhalten zu einem Softwaremodul „Geschwindigkeitsabhängige Fenster-
steuerung“

Echtzeitliche Aspekte des Zustandsverhalten können durch zusätzliche zeitliche
Transitionsbedingungen (neben internen und externen), wie z.B. durch Timeout-
Bedingungen modelliert werden. Auf die Betrachtung von expliziten zeitlichen
Zusammenhängen wird im folgenden verzichtet, das hier angewendete Zeitmodell
beruht auf einer impliziten Zeitfortschreitung durch die Abfolge von Zustands-
wechseln; wir gehen davon aus, dass das hier betrachtete Anwendungsfeld mit diesen
Mitteln ausreichend modelliert werden kann1.

1.2 Verhaltensbasiertes Konfigurieren

Unter dem Begriff Konfigurieren verstehen wir die schrittweise Zusammensetzung
und Ausprägung (Parametrierung) von Komponenten zu einem Gesamtsystem (Kon-
figuration) unter Einhaltung vorgegebener Restriktionen und vorgegebener Ziele (vgl.
[12], [32]). Die Grundlage für das Konfigurieren bildet eine Wissensbasis, welche
Wissen über die Komponenten (Domänenobjekte) des Anwendungsbereiches mit
ihren Eigenschaften (Parametern), Relationen zwischen den Komponenten (z.B.
taxonomische und kompositionelle Beziehungen) und Restriktionen zwischen den
Komponenteneigenschaften, sowie Wissen über das Vorgehen und über Aufgaben-
stellungen beinhaltet.

                                                          
1 So ist es z.B. möglich, anstelle von Timeout-Bedingungen interne Übergänge zu verwenden,

die von einer explizit modellierten Zeitgeberkomponente abhängen, deren Zustandsvariable
den aktuellen Zeitwert repräsentiert. Dieser Zeitwert kann durch ein externes Ereignis
(ausgelöst durch eine angenommene „Uhr“) wechseln.
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Unter dem verhaltensbasierten Konfigurieren verstehen wir einen Spezialfall des
Konfigurierens, wobei Wissen über das Verhalten der Konfigurationsobjekte oder des
Gesamtsystems zur Problemlösung beiträgt. Als Verhalten eines Objekts bzw. eines
Systems bezeichnen wir hier die Zustandsänderungen seiner veränderlichen Eigen-
schaften über der Zeit. Somit zählen zum verhaltensbasierten Konfigurieren prinzipi-
ell auch solche Ansätze, bei denen Simulation zum Einsatz kommt (z.B. [2], [11],
[23], [31]), jedoch setzt ein simulationsbasiertes Konfigurieren voraus, dass die zu
simulierenden Verhaltensmodelle (wenn auch nur einem Teilsystem einer Konfi-
guration zugeordnet) jeweils vollständig bekannt sind. Demgegenüber betrachten wir
hier eine Form des verhaltensbasierten Konfigurierens, die auf der Basis einer generi-
schen Repräsentation von Verhalten auch auf unvollständig bekanntem Verhaltens-
wissen Konfigurationsentscheidungen treffen kann und damit in wesentlich früheren
Phasen als die simulationsbasierten Ansätze zur Problemlösung beiträgt. Wenn wir
nachfolgend von verhaltensbasiertem Konfigurieren sprechen, so beschränken wir
uns auf eine solche Methoden und schließen simulationsbasierte Ansätze aus der
Betrachtung aus.

2 Methoden zum Konfigurieren

Im folgenden wird kurz eine Auswahl von Methoden zum Konfigurieren vorgestellt,
die anschließend hinsichtlich der Erweiterbarkeit um ein verhaltensbasiertes
Vorgehen untersucht werden.. Die vorgestellten Methoden unterscheiden sich wesent-
lich in der Art der Modellierung ebenso wie in der Weise, wie Konfigurations-
entscheidungen getroffen werden. Der Einsatz dieser Problemlösungsmethoden in
ihrer reinen Form ist eher selten zu finden, dagegen bietet sich häufig eine
Kombination der Methoden an. Einen weiteren Überblick über Konfigurationsmetho-
den, sowie -anwendungen und -Tools liefern [10], [12], [29], [32].

2.1 Regelbasiertes Konfigurieren

Grundprinzip ist die Formulierung von Wissen in Form von assoziativen Regeln, be-
stehend aus Bedingungs- und Aktionsteil. Regelbasierte Systeme für die Konfigu-
rierung verwenden i.a. einen vorwärtsverkettenden, also datenorientierten Inferenz-
mechanismus. Für das Vorgehen bei der Problemlösung, insbesondere die Auswahl
einer Regel aus einer Konfliktmenge an aktuell anwendbaren Regeln, existierten
unterschiedliche Strategien, sowohl domänenunabhängige (z.B. Auswahl der
aktuellsten oder speziellsten Regel) als auch auf Domänenwissen basierende (z.B.
Prioritäten, Bewertungsfunktionen, Metaregeln).

2.2 Strukturbasiertes Konfigurieren

Die Domänenobjekte (mit Parametern) werden häufig in taxonomischen Hierarchien
beschrieben, kompositionelle Abhängigkeiten zwischen den Objekten in Zerlegungs-
hierarchien. Eine solche Begriffshierarchie beschreibt generisch die Menge der mög-
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lichen Lösungen (Konfigurationen), die der Konfigurationsprozess bis zum Erreichen
der Lösungskonfiguration schrittweise einschränken soll. Beim strukturbasierten
Konfigurieren orientiert sich der Problemlösungsvorgang an der Struktur des
Domänenmodells, wie z.B. beim Skelett-Konstruieren [28] oder bei der begriffs-
hierarchie-orientierten Kontrolle [7].

2.3 Constraint-basiertes Konfigurieren

Die Modellierung und Verarbeitung von ungerichteten Abhängigkeiten zwischen
Domänenobjekten kann mithilfe von Constraints erfolgen. Besonderheiten bei der
Konfiguration bestehen u.a. darin, dass mit dem schrittweisen Aufbau der Lösung erst
nach und nach das Constraint-Netz aufgebaut werden kann. Hierzu wurden – gegen-
über herkömmlichen Methoden der Constraint Satisfaction (CSP) – weitergehende
Ansätze entwickelt, wie z.B. die Dynamic CSPs (s. [24], [30], [32]), der dreistufige
Constraint-Ansatz in den Systemen PLAKON [3], KONWERK [8], [9] und EngCon
[1] sowie die bedingte Propagation in ConBaCon (s. [18], [19]).

2.4 Ressourcenorientiertes Konfigurieren

Das ressourcenorientierte Ansatz basiert auf einem Domänenmodell, bei dem
Beziehungen zwischen Komponenten durch den Austausch von Ressourcen (abstrak-
ten Leistungen) beschrieben werden (s. [5], [15], [16], [20]). Dabei wird von dem
Prinzip ausgegangen, dass eine Komponente eine Menge von Ressourcen fordert bzw.
anbietet. Der Problemlösungsprozess beruht auf initialen Ressourcenforderungen als
Aufgabenstellung, die sukzessive in einem iterativen Prozess durch Hinzunahme
weiterer Komponenten ausgeglichen werden (Bilanzierung).

2.5 Fallbasiertes Konfigurieren

Beim fallbasierten Konfigurieren werden bereits erstellte Konfigurationen in einer
Fallbibliothek konserviert und zur späteren Lösung von ähnlichen Konfigurations-
aufgaben herangezogen (s. [12], [27], [33]). Wesentliche Schritte sind dabei die
Auswahl eines ähnlichen Falls (z.B. durch Generalisierung [33] oder mittels
induzierten Problemklassen [26], [27]) sowie die Übernahme und Anpassung einer
Lösung an die aktuelle Aufgabenstellung.

3 Erweiterung der bestehenden Konfigurationsmethoden um
verhaltensbasiertes Schließen

In diesem Abschnitt werden Überlegungen angestellt, wie eine Modellierung und
Auswertung von Wissen über das Verhalten der Konfigurationsobjekte gewinn-
bringend in die zuvor beschrieben Konfigurationsmethodiken eingebunden werden
kann, und anschließend bewertet.
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3.1 Regelbasiertes Konfigurieren mit Verhaltenswissen

Dass das modellierte Verhaltenswissen in Statecharts mit bedingten Transitionen
vorliegt und die Transitionen damit direkt auf Bedingung-Aktion-Regeln abgebildet
werden können, könnte nahe legen, die Regelmenge an Konfigurationsregeln einfach
um solche „Verhaltensregeln“ zu erweitern. Anders als beim Planen jedoch, wo
solche Regeln zum Einsatz kommen (z.B. als Operatoren im Problemlöser STRIPS, s.
[17]), geht es hier nicht darum, eine Lösungssequenz von Handlungsoperatoren oder
eine Zustandsfolge zu finden, sondern das Wissen über potenzielles Verhalten für die
Auswertung von Konfigurationsregeln zu nutzen.
Stattdessen schlagen wir vor, Verhaltensinformationen (z.B. eine oder mehrere
Transitionen, im folgenden als Modellfragmente bezeichnet) als Wissenseinheiten zu
behandeln, die mit anderen Wissensarten oder mit weiteren Verhaltensinformationen
in Konfigurationsregeln verknüpft werden können. Solche Modellfragmente können
sowohl im Bedingungs- als auch im Aktionsteil von Konfigurationsregeln verwendet
werden, so dass sowohl von Verhalten auf Elemente der Lösungskonfiguration als
auch von Konfigurationsinformationen auf Verhalten geschlossen werden kann.
Beispiele für solche Regeln sind:

WENN Modellfragment_23 DANN Software-Modul
  Geschwindigkeitsabhängige_Fenstersteruerung verwenden
mit Modellfragment_23:
  Transition von offen nach geschlossen bei
  en(Geschwindigkeit=über_100)

Entsprechende Modellfragmente können auch in domänenabhängigen Metaregeln
benutzt werden, um Verhaltenswissen für Kontrollentscheidungen (z.B. Auswahl
einer Regel aus einer Konfliktmenge) auszunutzen.
Eine Schwierigkeit einer solchen Verwendung von Modellfragmenten in Regeln
besteht darin, dass während des Konfigurationsprozesses für ein Modellfragment, das
nicht Bestandteil der aktuell gültigen Datenmenge ist, nicht bekannt ist, ob es später
noch in die gültige Datenmenge aufgenommen werden kann oder ob seine Aufnahme
auszuschließen ist (dahinter steht die Annahme der Closed-World-Assumption). Für
den zweiten Fall müssten entsprechend auch auszuschließende Modellfragmente
explizit modelliert werden, was den Aufwand der Modellierung erhöht. Besonderen
Aufwand verursacht aber die Modellierung der Abhängigkeiten zwischen Modell-
fragmenten selbst. Hier müssten die den Statechart-Transitionen zugeordneten
Bedingungen in explizite Regelform überführt werden.

Fazit: Der Einsatz von Verhaltenswissen, das generisch repräsentiert und ggf. nur
unvollständig bekannt ist, erscheint beim regelbasierten Konfigurieren nur bedingt
geeignet. Dagegen kann aber die Verwendung von Simulationsmodellen (unter Tren-
nung des Verhaltenswissen von den Konfigurationsregeln) sinnvoll eingesetzt
werden, um Konflikte zu erkennen und z.B. die Rücknahme von Entscheidungen
auszulösen bzw. als Bewertungsfunktion für die Auswahl einer Regel aus einer
Konfliktmenge.
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3.2 Strukturbasiertes Konfigurieren mit Verhaltenswissen

Ziel ist es, mithilfe des Wissens über das Zustandsverhalten von Konfigurations-
objekten während des Konfigurationsprozesses Entscheidungen über die Struktur der
Lösungskonfiguration zu unterstützen, insbesondere Spezialisierungsschritte, Zerle-
gungsschritte und Schritte zur Integration von Lösungsobjekten in die Lösungs-
hierarchie.
Wir schlagen dazu vor, das Verhaltens eines Domänenobjekts als zusätzliche Eigen-
schaft des Objekts zu modellieren. Dazu wird einem Domänenobjekt z.B. eine Menge
von Zustandsvariablen (vgl. Abschnitt 1.1) und Statecharts zugeordnet. Als eine
geeignete Integration in eine Begriffshierarchie sehen wir die Beschreibung des
Verhaltens mit Objektdeskriptoren, für die Subsumptionsbeziehungen definiert sind,
so dass das Verhalten selbst spezialisierbar ist. Bei dem Ansatz ABACUS (A behavior-
based configuration using statecharts, s. [22]) werden aus den Statecharts der
betroffenen Domänenobjekte Zustandsübergangsgraphen abgeleitet, ähnlich zu
Envisionment-Graphen in einigen Ansätzen der qualitativen Simulation (vgl. [6],
[25]). Zusätzlich werden für die Konfiguration die Kanten mit einem M- („muss“), V-
(„verboten“) oder K- („kann“) Label versehen. Dabei genügt es, z.B. nur die M- und
K-Relationen aufzuzählen, da eine nicht existierende Kante automatisch als V-Kante
betrachtet werden kann. K-Kanten können zu M- oder V-Kanten spezialisiert werden.
Auf diese Weise können Verhaltensalternativen in der gesamten Begriffshierarchie
behandelt werden und somit Vergleichsoperationen  und Spezialisierungen durchge-
führt werden.
Durch die Verwendung von solchen Verhaltensdeskriptoren kann das Verhalten einer
Lösungsinstanz gegenüber dem entsprechenden Domänenobjekt eingeschränkt sein.
Ursache für solche Einschränkungen können z.B. in einer Aufgabenstellung vorge-
gebene Anforderungen2 oder Constraints sein. Diese Einschränkung von Instanz-
verhalten ermöglicht Spezialisierungsentscheidungen, d.h. aufgrund des Verhaltens
von Instanzen kann ggf. geschlossen werden, dass die Spezialisierung nur zu einem
oder einigen der potenziellen Unterkonzepte zulässig ist. Ebenso kann bei einer Inte-
gration aufgrund des Instanzverhaltens ggf. ein zuzuordnendes Aggregat bestimmt
werden. Des weiteren ist es möglich, aus den Verhaltensmodellen auf Instanzebene
die Notwendigkeit der Existenz bestimmter Domänenobjekte in der Lösungskonfigu-
ration abzuleiten, die in diesem Fall instantiiert und zu einem späteren Zeitpunkt in
die Lösung integriert werden können.

Fazit: Die Modellierung von Verhalten als Eigenschaft von Objekten einer Begriffs-
hierarchie kann häufig eine adäquate Form der Wissensrepräsentation darstellen.
Schlussfolgerungsverfahren zur Ableitung von strukturellen Konfigurationsentschei-
dungen aus diesem Verhaltenswissen können die Effektivität des Konfigurationspro-
zesses erheblich verbessern.

                                                          
2 Anforderungen an das Verhalten können ähnlich spezifiziert werden wie Constraints für das

Verhalten (s. Abschnitt 3.3). Die Unterscheidung zwischen Verhaltens-Constraints und
-anforderungen ist vergleichbar mit kontextunabhängigen und kontextabhängigen Constraints
in [18], [19].
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3.3 Constraint-basiertes Konfigurieren mit Verhaltenswissen

Zur Repräsentation von Restriktionen an das Verhalten der Konfigurationsobjekte
sind Beschreibungsmittel notwendig, die die Constraints heutiger Konfigurations-
systeme i.a. nicht unterstützen. Constraints bezogen auf das Zustandsverhalten, die
zur Modellierung einer Anwendungsdomäne notwendig sein können, sind z.B.:
• Constraints, die eine Transition zwischen zwei Zuständen fordern oder verbieten,

falls eine vorgegebene Bedingung erfüllt ist.
• Constraints, die das Verlassen eines Zustands fordern oder verbieten, falls eine

vorgegebene Bedingung erfüllt ist.
• Constraints, die das Eintreten eines Zustands fordern oder verbieten, falls eine

vorgegebene Bedingung erfüllt ist.
• Constraints, die das gleichzeitige Auftreten zweier oder mehrerer Zustände fordern

oder verbieten.
Mit diesen Verhaltens-Constraints3 werden somit keine vollständigen Statecharts
beschrieben, sondern Bedingungen an das Zustandsverhalten der Instanzen einer Teil-
konfiguration. Dabei können die Verhaltens-Constraints Restriktionen an das Gesamt-
verhalten des Systems sein, nicht nur an das lokale Verhalten einer einzelnen Kompo-
nente.4

Ebenso wie die Struktur-Constraints können die Verhaltens-Constraints eine passive
und eine aktive Rolle haben: Die passive Rolle zur Prüfung der Konsistenz von
Verhaltens-Constraints gegenüber dem (auch unvollständigen) Lösungsverhalten. Die
aktive Rolle ist die Einschränkung des potenziellen Verhaltens einer oder mehrerer
zur aktuellen Teilkonfiguration gehörenden Instanzen. Bezogen auf den im vorigen
Abschnitt genannten Ansatz bedeutet dies die Reduzierung des Zustandsübergangs-
graphen. Dabei können K-Transitionen zu V- oder M-Transitionen soweit einge-
schränkt werden, wie noch alle Verhaltens-Constraints zu dem Zustandsverhalten der
aktuellen Teilkonfiguration konsistent sind.
Grundsätzlich sind auch Constraints denkbar, die Restriktionen gleichzeitig an
strukturelle sowie an Verhaltenseigenschaften darstellen bzw. als Kombination von
Verhaltens- und Struktur-Constraints gebildet werden (z.B. als Compositional
Constraints in [18], [19]). Ggf. müsste man dann auf eine Trennung von Verhaltens-
und Struktur-Constraint-Netzen und -Propagationszyklen verzichten. Diese kann aber
sehr nützlich sein, um z.B. die Häufigkeit der unterschiedlich komplexen Propa-
gationszyklen geeignet einzustellen.

Auch constraintbasierte Konfigurierungsmethoden können somit geeignet durch
verhaltensbasierte Modellierungs- und Schlussfolgerungsverfahren ergänzt werden
bzw. als eigenständige Verhaltens-Constraint-Systeme eingeführt werden. Geeignet
erscheint insbesondere die Kombination mit den in Abschnitt 3.2 beschriebenen
Techniken.

                                                          
3 Im folgenden sprechen wir von „Verhaltens-Constraints“ und bezeichnen andere Arten von

Constraints beim Konfigurieren als „Struktur-Constraints“.
4 Dieses entspricht im Prinzip globalen Kriterien zur Filterung von qualitativem Verhalten (vgl.

[25]).
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3.4 Ressourcenorientiertes Konfigurieren mit Verhaltenswissen

Die Modellierung von Verhalten beim ressourcenbasierten Konfigurieren kann z.B.
durch einen eigenen Ressourcentyp für das Verhalten erfolgen. So könnte das Zu-
standsverhalten aus Abb. 1 z.B. eine Ressource darstellen. Während auf diese Weise
solche Verhaltens-Ressourcen durch die Zustandsvariablen und Statecharts beschrie-
ben werden, kann das Verhalten in den Ressourcenanforderungen – wie die Anforder-
ungen bei dem strukturbasierten Ansatz (Abschnitt 3.2) bzw. die Constraints (Ab-
schnitt 3.3) – wieder unvollständig beschrieben sein. Die Bilanzierungsfunktion lässt
sich nach dem in den vorigen zwei Abschnitten beschriebenen Prinzip realisieren, das
zu den Anforderungen ein jeweils konsistentes Zustandsmodell liefert. Ein Beispiel
für die Zuordnung von Verhalten-Ressourcen zu Komponenten zeigt Abb. 2.

Softwaremodul
“Geschwindigkeitsabhängige

Fenstersteuerung”

Fenstermotor-Treiber
Ressourcen-
anforderung
aus der System-
umgebung

Komponente
Ressource
benötigt Ressource
stellt Ressource zur Verfügung

Abb. 2. Beispiel, wie von der Forderung nach einer Funktionalität, die ab einer vorgegebenen
Fahrgeschwindigkeit alle Fenster im Fahrzeug schließt, über Verhaltens-Ressourcen auf not-
wendige Softwaremodule geschlossen wird.

Ein Problem besteht darin, dass das lokale Verhalten einer Komponente (also die
Verhaltensressource) von dem Verhalten anderer Komponenten abhängen kann.
Dieses lässt sich dadurch lösen, dass jede Zustandsvariable als eigene Ressource
modelliert wird. Dahinter steht die Betrachtungsweise, dass eine Zustandsvariable
eine teilbare (also nicht-exklusive) „Informationsressource“ ist. So kann eine Kompo-
nente Informationen über das Zustandsverhalten einer Zustandsvariablen liefern und
dafür Informationen über das Zustandsverhalten anderer Zustandsvariablen benötigen.
Entsprechendend dem Prinzip der Minimalität [20] kann auch hier eine Heuristik
angewandt werden, die bei der Auswahl einer Komponente zur Befriedigung einer
Ressourcenanforderung diejenige auswählt, die die wenigsten Referenzen auf andere
Zustandsvariablen aufweist (also am wenigsten andere Informationsressourcen
benötigt). Dieses entspricht dem „allgemeinsten“ Verhalten bei den Verhaltens-
deskriptoren in Abschnitt 3.2.

Bewertung: Auch der ressourcenbasierte Konfigurierungsansatz kann sinnvoll durch
eine verhaltensbasierte Methodik ergänzt werden. Hat man es jedoch mit einer
Vielzahl von Restriktionen zu tun, die das Gesamtverhalten des Systems – nicht nur
das lokal in einer Ressource beschriebene Verhalten – betreffen, so ist die Adä-
quatheit der ressourcenbasierten Methodik in Frage zu stellen.

J Sauer
51



3.5 Fallbasiertes Konfigurieren mit Verhaltenswissen

Verhaltenswissen kann sowohl die Fallauswahl als auch die Übernahme und Adaption
von Fällen unterstützen.
Ist jedem Fall einer Fallbibliothek ein Verhaltensmodell zugeordnet, so kann dieses
bei der Auswahl als „Index“ dienen: Es ist der Fall zu ermitteln, dessen Verhalten
vorgegebene Anforderungen erfüllt bzw. bestmöglich erfüllt. Für die Auswahl
„ähnlicher“ Fälle muss eine Metrik für „ähnliches Verhalten“ aufgestellt werden, falls
möglich domänenabhängig (z.B. durch Zuordnung von Gewichten zu Verhaltens-
anforderungen), aber es sind auch domänenunabhängige Metriken möglich (z.B. die
Bildung des Quotienten aus Anzahl an erfüllten und verletzten Verhaltensanforde-
rungen).
Die Zuordnung von Verhalten zu den Fällen setzt nicht voraus, dass diese Fälle
„verhaltensbasiert“ konfiguriert wurden. Das Fallverhalten kann z.B. zu einem
späteren Zeitpunkt, nach Erzeugung des Falles, manuell modelliert werden, oder
durch Simulation erzeugt werden, wie dieses von einigen Konfigurationstools unter-
stützt wird (z.B. [2], [11], [31]).
Durch die Einführung einer Subsumptionsbeziehung für Zustandsverhaltensmodelle
(s. Abschnitt 3.2) ist auch die Generalisierung von Objektverhalten möglich, so dass
eine Fallauswahl durch Generalisierung unterstützt wird.

Bei der Übernahme eines Falls (Lösungsübernahme) kann Verhaltenswissen zur
Durchführung von Anpassungsoperationen dienen: z.B. Hinzufügen eines Lösungs-
objekts mit benötigtem Verhalten, Löschen eines Objekts, dessen Verhalten inkonsis-
tent zur Aufgabenstellung ist, oder Ersetzen eines Objekts durch ein anderes Objekt
mit konsistentem Verhalten. Diese Operationen können analog zu den Konfigu-
rationsschritttypen Spezialisieren, Zerlegen und Integrieren aufgestellt werden (vgl.
Abschnitt 3.2).
Wird eine Fallübernahme nach dem Prinzip des „vorgangsbasierten Wissenstransfers“
vorgenommen, wird also der Kontrollablauf übernommen, so kann dieses einen
kombinierten verhaltens- und strukturbasierten Konfigurationsvorgang erheblich
verbessern: Der übernommene Kontrollablauf kann bestimmen, wann die evtl. zeitlich
aufwendige Auswertung von Verhaltenswissen durchzuführen ist und wann diese zu
unterlassen ist und damit die Effizienz des Konfigurationsablaufs verbessern.

Insgesamt kann die Nutzung von Verhaltenswissen beim fallbasierten Konfigurieren
als sehr geeignet gesehen werden. Insbesondere kann Verhaltenswissen zur Lösung
des grundsätzlichen Problems beim fallbasierten Konfigurieren beitragen, dass
Anforderungen oftmals nicht vollständig explizit vom Benutzer als geschlossene
Aufgabenstellung vorgegeben werden, sondern viele Anforderungen als Benutzer-
entscheidungen in den Konfigurationsprozess einfließen, ohne dass diese für eine
spätere Fallauswahl verwendet werden können. Verhaltensmodelle können hier die
Möglichkeiten für eine Anforderungsmodellierung verbessern und damit auch die
Effektivität beim fallbasierten Vorgehen erhöhen.
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4 Zusammenfassung und Gesamtbewertung

Ausgehend von der Prämisse, dass man zusätzlich zum Konfigurationswissen Wissen
über das Zustandsverhalten der Konfigurationsobjekte und Anforderungen an das
Verhalten vorliegen hat, wurde untersucht, inwieweit dieses Verhaltenswissen für den
Konfigurationsprozess ausgenutzt werden kann. Für unterschiedliche Konfigu-
rierungsmethoden wurden Ansätze vorgeschlagen. So können z.B. Fragmente von
Verhaltensmodellen in Regeln so verwendet werden, dass sowohl von Informationen
über das Verhalten einer Konfiguration auf Informationen über die Konfigurations-
lösung geschlossen werden kann und umgekehrt. Für das strukturbasierten
Konfigurieren wurde die Modellierung von Zustandsverhalten als eine besondere
Eigenschaft von Domänenobjekten vorgeschlagen, wobei die Einführung eines
Objektdeskriptors, der die Spezialisierbarkeit von Verhaltens definiert, strukturelle
Entscheidungen im Konfigurationsprozess unterstützt. Während die Constraint-
Mechanismen jetziger Konfigurationssysteme kaum Restriktionen an das Verhalten
von Konfigurationsobjekten unterstützen, können solche als zusätzliche Constraints
eingeführt werden, die sowohl die Konsistenz von (Teil-)Konfigurationen prüfen als
auch das potenzielle Verhalten einer Teilkonfiguration – analog zu strukturellen
Eigenschaften (Parametern) von Konfigurationsobjekten – einschränken. In das res-
sourcenbasierte Konfigurationsmodell lässt sich Zustandsverhalten als Ressourcentyp
einführen, zusätzlich muss eine Bilanzierungsfunktion zur Bilanzierung von angefor-
dertem und angebotenem Verhalten definiert werden. Beim fallbasierten Konfigu-
rieren kann Verhaltenswissen sowohl die Fallauswahl als auch die Übernahme und
Adaption von Fällen unterstützen.
Zwar soll an dieser Stelle keine Pauschalempfehlung für eine anzuwendende Metho-
dik gegeben werden, denn letztendlich hängt es vom Einzelfall ab, in welcher Form
das Konfigurationswissen der jeweiligen Domäne vorliegt. Dennoch bewerten wir die
verschiedenen Methoden grundsätzlich – obwohl verhaltensbasierte Inferenztechni-
ken prinzipiell in alle der untersuchten Konfigurationsmethoden integriert werden
können – für eine solche Integration als unterschiedlich geeignet. Am wenigsten
geeignet erscheint der regelbasierte Konfigurationsansatz mit einer expliziten Model-
lierung von jeweils gültigem und auszuschließendem Verhaltenswissen und einem
dadurch hohen Modellierungsaufwand. Als besser geeignet erscheint der ressourcen-
basierte Ansatz, jedoch kann die Berücksichtigung von globalen Restriktionen an das
Verhalten (also an das Gesamtverhalten einer Konfiguration) zu Problemen führen.
Als sehr vorteilhaft sehen wir dagegen die Integration verhaltensbasierter Methoden
in die strukturbasierte, constraintbasierte und fallbasierte Konfigurationsmethodik:
Der strukturbasierte Ansatz liefert einen guten Rahmen, um Verhaltenswissen adäquat
Komponenten zuzuordnen und durch die Anordnung in Begriffshierarchien Schluss-
folgerungen vom Verhalten der Objekte auf die Struktur einer Konfiguration zu er-
möglichen. Constraints ermöglichen die Formulierung und Auswertung von Restrik-
tionen an das Systemverhalten – sowohl an das lokale Verhalten von Komponenten
als auch an das globale Systemverhalten. Als besonders geeignet erscheint eine
kombinierter Ansatz aus struktur-, constraint- und verhaltensbasiertem Vorgehen.
Beim fallbasierten Konfigurieren können Verhaltensmodelle zur Beschreibung von
Benutzeranforderungen sowie Systemverhalten der Falllösungen einen wesentlichen
Beitrag sowohl für die Fallauswahl als auch für die Fallübernahme liefern.
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Natürlich hängt es von der Art des vorliegenden Wissens ab, ob ein verhaltens-
basierter Ansatz gewählt werden sollte. Dabei ist das verhaltensbasierte Konfigurieren
weniger als alleinige Problemlösungsmethode zu sehen, sondern eher als eine
Methode, die mit einer der oben untersuchten Konfigurationsmethoden – bzw. mit
mehreren – geeignet zu kombinieren ist.
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