
■ For the last two decades, configuration systems re-
lying on AI techniques have successfully been ap-
plied in industrial environments. These systems
support the configuration of complex products
and services in shorter time with fewer errors and,
therefore, reduce the costs of a mass-customization
business model. The European Union–funded pro-
ject entitled CUSTOMER-ADAPTIVE WEB INTERFACE FOR

THE CONFIGURATION OF PRODUCTS AND SERVICES WITH

MULTIPLE SUPPLIERS (CAWICOMS) aims at the next gen-
eration of web-based configuration applications
that cope with two challenges of today’s open, net-
worked economy: (1) the support for heteroge-
neous user groups in an open-market environment
and (2) the integration of configurable subprod-
ucts provided by specialized suppliers.

This article describes the CAWICOMS WORKBENCH for
the development of configuration services, offer-
ing personalized user interaction as well as distrib-
uted configuration of products and services in a
supply chain. The developed tools and techniques
rely on a harmonized knowledge representation
and knowledge-acquisition mechanism, open XML-
based protocols, and advanced personalization
and distributed reasoning techniques. We exploit-
ed the workbench based on the real-world business
scenario of distributed configuration of services in
the domain of information processing–based vir-
tual private networks.

Over the last decade, the market’s de-
mand for customer-individual, config-
urable products at a mass-production

cost has constantly been increasing, and a
mass-customization (Piller and Schaller 2002;
Pine II, Victor, and Boynton 1997) business
strategy has been adopted in many industrial
sectors. Along with the growing complexity of
configurable products, the required supporting
software systems (configuration systems) have
been improved and successfully applied in in-
dustrial environments (Fleischanderl et al.
1998; McGuiness and Wright 1998; Stumptner
1997). As a result, powerful tools based on dif-
ferent AI techniques such as constraint satis-
faction (Junker 2001; Mailharro 1998) are
available on the market. These techniques are
used to improve the corresponding business
processes with respect to the reduction of the
order lead time and the number of faulty con-
figurations. However, today’s networked econ-
omy imposes new demands on intelligent soft-
ware support that are not adequately addressed
by current technology:

More and more complex products and ser-
vices that are offered to the customer as inte-
grated solutions are themselves assembled
from configurable subproducts supplied by
highly specialized providers. Because of orga-
nizational reasons or confidentiality issues, the
integration of the complete configuration logic
in one centralized knowledge base is un-
desirable. Therefore, adequate means for dis-

Articles

FALL 2003    93

A Framework for 
the Development 
of Personalized, 

Distributed Web-Based
Configuration Systems

Liliana Ardissono, Alexander Felfernig, Gerhard Friedrich, 
Anna Goy, Dietmar Jannach, Giovanna Petrone, Ralph Schäfer, 

and Markus Zanker

Copyright © 2003, American Association for Artificial Intelligence. All rights reserved. 0738-4602-2003 / $2.00



Ns). We also describe the individual compo-
nents of the workbench and relate them to ex-
isting and emerging approaches in the respec-
tive areas.

Configuration of IP-VPNs
IP-VPNs are used to extend a company’s private
network to remote offices, business partners, or
roaming users. These networks are run over the
public internet and dedicated backbone net-
works owned by the providers and are current-
ly limited within country borders and the pro-
vider’s backbone network. However, the future
business model includes transnational multi-
provider networks, as well as the provision of
integrated services, that also include, for exam-
ple, installation support or router configura-
tion at the customer’s site. From a sales per-
spective, specialized resellers offer their
customers integrated solutions consisting of
basic services provided by the suppliers. The
configuration problem for the reseller concerns
assembling and configuring a set of basic ser-
vices that satisfy the customer’s demands and
obey technical and nontechnical constraints.

In the envisioned business scenario, suppli-
ers publish their services to the resellers (figure
1). The configuration system then starts the
search process for an appropriate set of net-
work segments, hardware components (for ex-
ample, customer-site routers) and services (for
example, installation and maintenance sup-
port) satisfying the customer’s requirements.
This high-level solution design is the basis for
the quotation phase. In a second step, the de-
tailed configuration of the VPN has to take
place. The results of the first step are sent to the
remote configuration systems at the suppliers’
sites, and additional low-level technical set-
tings can be returned by such systems. These
results are checked for consistency and incor-
porated into the final solution. In this scenario,
the following key requirements, not addressed
by current configuration technology, are iden-
tified.

Shared knowledge representation: Cur-
rently, product classification and automated
advertisement on electronic marketplaces for
standard products is supported. In contrast,
there is little support for complex, customiz-
able products. To jointly configure such solu-
tions, the supply-chain participants have to
share knowledge about the products and have
to agree on a common methodology to model
the products and exchange information at run
time.

Adaptive and dynamically generated user
interfaces: When introducing complex and

tributed configuration and integration of het-
erogeneous configuration systems have to be
provided.

The increased complexity of products makes
the interaction with configuration systems
lengthy because lots of features have to be spe-
cified during the configuration process. More-
over, this complexity challenges the end user,
who needs deep technical knowledge to speci-
fy the required information. To make configu-
ration systems usable not only by technical en-
gineers but also by less experienced end users,
such as sales representatives and customers,
these systems have to be extended with user-
adaptive interfaces, which tailor the interac-
tion to the individual user, guiding him/her
through the configuration process in a person-
alized way (Benyon 1993; Fink and Kobsa
2000; Riecken 2000).

The CUSTOMER-ADAPTIVE WEB INTERFACE FOR THE

CONFIGURATION OF PRODUCTS AND SERVICES WITH

MULTIPLE SUPPLIERS (CAWICOMS) Project aims at en-
hancing the state of the art in configuration
systems to take such issues into account. With-
in this project, we have developed the CAWI-
COMS WORKBENCH, an environment for the cre-
ation of user-adaptive web-based configuration
systems. This workbench offers a configuration
shell supporting distributed configuration and
personalization and a set of tools for the spec-
ification of the domain-dependent knowledge
about the products and services to be config-
ured and the types of end users to be served.

The shell is based on advanced distributed
configuration and adaptive hypermedia tech-
niques (ACM 2002; Brusilovsky 2001, 1996) for
the management of personalized configuration
interactions involving the cooperation between
suppliers.

The design and development of the CAW-
ICOMS WORKBENCH were mainly driven by our in-
dustrial partners’ business cases.1 In particular,
BTexact Technologies provided the scenario
concerning the joint provision and configura-
tion of information processing–based virtual
private networks with multiple suppliers. Be-
cause we aimed at developing a general envi-
ronment for the creation of web-based config-
uration systems, we also considered a second
scenario from the domain of telecommunica-
tion switching systems (Felfernig et al. 2002b).
We exploited the CAWICOMS WORKBENCH to de-
velop two prototype systems assisting the con-
figuration of items in both scenarios.

In this article, we focus on the first scenario
as a concrete example to present the method-
ologies applied within our shell. We overview
the application domain of information pro-
cessing-based virtual private networks (IP-VP-
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evolving products, there is typically a shortage
of trained sales people. Moreover, people play-
ing different roles in their own organization,
for example, managers and technical engi-
neers, can use the same system to inspect the
proposed solutions. These classes of users have
a different view of the same configurable item.
A technician might see it as a set of pluggable
components, but an end user might be inter-
ested in the offered function or service. To sat-
isfy the information needs of such different
end users and adapt the configuration process
to their capabilities, a dynamically generated
user interface is needed (ACM 2002). This in-
terface has to fill the gap between the system’s
point of view, focused on the implementation
of the item to be configured, and the user’s
point of view, focused on the high-level prop-
erties offered by the final solution, for exam-
ple, its quality and reliability.

Distributed reasoning: Recently, significant
advances in the distributed AI, multiagent sys-
tem, and distributed constraint-satisfaction ar-
eas have been made (Silaghi, Sam-Haroud, and

Faltings 2000; Yokoo 2001). However, most
current approaches do not fit well the charac-
teristics of a distributed configuration. For ex-
ample, configuration systems typically do not
work autonomously or fully parallel, such as
agents do. Moreover, they require specific
problem-solving mechanisms, thus making the
integration of legacy systems problematic.
Therefore, a simple and open protocol for dis-
tributed reasoning and an exchange format for
complex data structures in a configuration sce-
nario have to be used.

CAWICOMS WORKBENCH

In the following, we present an overview of the
CAWICOMS architecture and then outline the de-
tails.

Architecture of the CAWICOMS

Configuration Shell
To develop a system satisfying the key require-
ments reported previously, different method-
ologies have to be integrated. Therefore, we de-
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Figure 1. Reseller’s View on IP-VPN Network.
The edges of the network depict the available network segments. For each external access point, there are several alternative connections
to the backbone network. The vertexes within the backbone network represent interconnections between different companies’ backbone
segments.



the user. This system includes a domain-in-
dependent, JAVA-based configuration engine
(ILOG’s JCONFIGURATOR) (Junker 2001; Mail-
harro 1998), a user-modeling component for
the management of models representing the
end users’ characteristics, and an adaptive user
interface generation module that mediates be-
tween the end user and the configuration en-
gine, automating the configuration process,
whenever possible, and providing the user
with assistance.

signed the configuration shell offered by the
CAWICOMS WORKBENCH as a modular system (fig-
ure 2), including components specialized in the
execution of complex tasks, such as the compu-
tation of configuration solutions, the dynamic
generation of the personalized user interface,
and the communication with the suppliers.

According to the CAWICOMS architecture,2

one designated main configuration system
serves both as mediator for the distributed con-
figuration process and as interaction point for
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Knowledge Representation
An adequate representation of the configura-
tion knowledge is the glue for the tools and
techniques developed in the workbench.
Knowledge acquisition and maintenance is
critical to the development of centralized con-
figuration systems (Fleischanderl et al. 1998)
and especially here because (1) knowledge has
to be shared among participants in the supply
chain, and different reasoning mechanisms
and tools must be integrated, and (2) the adap-
tive user interface has to be dynamically gener-
ated by applying business rules and personal-
ization strategies based on the information
about products and users stored in the knowl-
edge base.

In CAWICOMS, the representation of the
knowledge about products and services relies
on the widely adopted component-port ap-
proach for configuration (Fleischanderl et al.
1998; Mailharro 1998; Mittal and Frayman
1989). We developed a domain-independent
metamodel and a UNIFIED MODELING LANGUAGE–
based (UML) graphic notation with precise se-
mantics (Felfernig, Friedrich, and Jannach
2000) that follows the standard modeling con-
cepts of the configuration domain (Soininen et
al. 1998). The resulting product models can be
further enriched with constraints expressed in
the OBJECT CONSTRAINT LANGUAGE (OCL) (Rum-
baugh, Jacobson, and Booch 1998) and are in-
dependent of specific tools and their propri-
etary knowledge representation mechanisms.
In addition, to improve the knowledge-acqui-
sition and maintenance process for centralized
configuration systems, this modeling tech-
nique serves as a common language among the
participants in the supply chain, thus leverag-
ing the knowledge-integration process. Fur-
thermore, we defined a human-readable, textu-
al representation of the product models based
on XML-SCHEMA documents.3 We also imple-
mented tools for the automated document
generation from commercial UML editors, such
as RATIONAL ROSE.4 These documents also serve
as a starting point for further knowledge acqui-
sition, that is, knowledge about the suppliers.

Also, the domain-dependent knowledge
needed to personalize the interaction with the
user is represented by exploiting XML-SCHEMA.
This type of information includes the represen-
tation of the properties of products and ser-
vices and the specification of the characteris-
tics of the end users.

The representation of the features and the
structure of products and services are extended
with personalization-oriented information,
such as the classification of features in metalev-
el information classes (technical, economic,

and other types of information) and their com-
plexity level. Moreover, a natural language ex-
planation of their meaning is provided; see al-
so Ardissono and Goy (2000b). Furthermore, to
introduce a functional view of products and
services, suitable for reasoning about config-
urable items at the end user’s abstraction level,
some properties of products and services, such
as their performance and reliability, can be
specified to evaluate the configurable items
from a qualitative point of view (Carberry,
Chu-Carroll, and Elzer 1999; Jameson et al.
1995). These properties have to be related to
suitable sets of technical features to describe
the impact of such features on the evaluation
of the product with respect to the correspond-
ing properties. For example, the inclusion of a
certain component in a configuration can have
a positive or negative impact on the evaluation
of one or more properties. Figure 3 shows the
evaluation of the reliability of an IP-VPN with
respect to some of its technical features.

The users are described by specifying general
characteristics (for example, nationality and
type of company they represent), their exper-
tise and their interests in the properties of
products and services (figure 4). The system al-
so exploits a description of characteristics of
user classes, for example, managers, sales engi-
neers, technical engineers, and end customers.
This type of information is defined by a set of
stereotypes (Rich 1989) that specifies the skills
and interests of the users belonging to the var-
ious classes.

Adaptive User Interaction
The CAWICOMS configuration shell manages a
dynamic user interface that adapts the interac-
tion style to the user by customizing the elici-
tation of requirements and the presentation of
information; see Ardissono et al. (2003, 2002).
The user interface relies on the management of
a user model that describes the capabilities and
preferences of the individual end user (Schäfer
2001), the application of personalization tech-
niques for the generation of customized con-
tent (Ardissono and Goy 2000b), and the dy-
namic generation of user interface pages
(Ardissono and Goy 2000a). The methodolo-
gies underlying these two activities are out-
lined in the following subsections.

Management of the User Model Some pieces
of information about the individual end user,
such as the type of company he/she represents,
his/her nationality, and similar data, are re-
trieved by the system by explicitly questioning
him/her. Other types of information, such as
the user’s interests and his/her knowledge
about the configuration domain, are estimated
by observing his/her behavior during the inter-
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isfy his/her own needs in the best way. This as-
sumption enables us to reason about the user’s
actions to assess his/her interests in the proper-
ties of the product-service, thus revising the
user model accordingly. The system’s function-
al knowledge about features and properties
(figure 3) supports the identification of the
user’s interests in the properties related to the
features his/she sets during the configuration
process. If the user selects a specific value for a
feature F, or he/she rejects a default value sug-
gested by the system and selects a different
one, this fact can be interpreted as an attempt
to improve the utility of the item. Therefore,
the system can infer that the user has a certain
interest in the properties influenced by F.

Our system estimates the user’s interests in
the properties of products and services by as-
cribing his/her a model for the evaluation of
items based on the widely-adopted multiat-
tribute utility theory (MAUT) (von Winterfeldt
and Edwards 1986). This model defines the
evaluation of items as a function of the evalu-
ation of their properties, given the user’s inter-
ests in such properties; see Schäfer (2001). The
exploitation of this theory enables the system
to interpret the acceptance or the rejection of
a specific configuration solution as a sign that
the user’s evaluation of the solution is good or
bad. In turn, this information is relevant to as-
sess the user’s interests in the item properties.
As the interpretation of the user’s actions is af-
fected by uncertainty, Bayesian networks (Pearl
1988) are used to perform this task.

Personalization of the Interaction with the
User The CAWICOMS configuration shell man-

action with the system. In particular, the user
can self-assess his/her own expertise and inter-
ests, but this information has to continuously
be updated to take into account the fact that
the user’s skills and preferences might evolve.
As shown in figure 4, the characteristics are rep-
resented as <feature,value> pairs. The estimates
about the user’s interests and expertise are rep-
resented as probability distributions on the val-
ues of variables associated with the knowledge
items and the properties. In CAWICOMS, the user
model is managed in two phases:

When a new user interacts with the system,
his/her interests and skills are estimated by ex-
ploiting the predictions provided by the stereo-
types describing the user classes he/she belongs
to. The user is matched against the possible
user classes, and the best-matching stereotypes
are applied to initialize the user model. The
stereotypical information enables the system
to personalize the configuration process on the
basis of an approximated user model the has
existed since the beginning of the interaction.

During the interactive configuration ses-
sions, the estimates of the user’s interests are
updated by interpreting his/her behavior as an
attempt to maximize the utility of a configura-
tion solution (cf. Jameson et al. [1995]) in typi-
cal interaction situations, such as expression of
interest, change of some proposed default val-
ue, and acceptance or rejection of a proposed
configuration (Schütz and Schäfer 2001).5

The second point deserves further discus-
sion. Being the user of a rational agent, we as-
sume that he/she tries to maximize his/her
own utility by setting the item features to sat-
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The impact of a set of features on the evaluation of a property is represented by defining evaluation functions that map evaluation values
onto the feature values. For example, this picture shows that the packet loss rate influences the reliability of an IP-VPN in a negative way:
the higher the rate, the lower the reliability of the network. 



ages the interaction with the user as a dynam-
ically generated sequence of configuration
steps. At each step, the configuration engine is
queried about the current set of features to be
set, and the module responsible for the gener-
ation of the user interface selects the most con-
venient way to set them. When the features are
set, their values are used by the configuration
engine to refine the state of the configuration.
This process continues until no more features
have to be set. At that point, the engine gener-
ates a solution that is presented to the user. The
selection of the features to be considered at
each configuration step and the presentation
of the solution are based on the conceptual
structure of the product model, which provides
a component-based view of the item to be con-
figured.6

The estimates on the user’s actual interests
are exploited to steer the configuration process
by proposing feature values and components
that maximize the user’s expected evaluation
of the solution. In this way, the system reduces
the number of features he/she has to set. The
system also uses other personalization strate-
gies; for example, the features can be set by ap-
plying individual defaults expressing the user’s
specific preferences for feature values or per-
sonalized defaults describing business rules
based on the customer’s characteristics.

Finally, the system personalizes the presen-
tation of a solution to be proposed to the user
(for example, a specific IP-VPN) by focusing the
description on the features suitably fitting his/
her interests and expertise (Ardissono and Goy
2000b). Given a feature, the system decides

whether it has to be shown in the main presen-
tation page, or it can be linked as supplemen-
tary information about the item. The system
shows the critical features, which the user must
be aware of, and those related to properties
he/she is very interested in. The less important
features, those too complex for the user, and
those outside his/her interests usually fall into
the supplementary information to keep the
presentation of solutions as synthetic as possi-
ble.

A rule-based mechanism is utilized to select
personalization strategies determining the gen-
eration of defaults to be proposed during the
configuration process and the presentation
style to be applied to the features of the config-
uration solution (Ardissono et al. 2002). The
generation of the user interface is based on the
JAVA SERVER PAGES (JSP) technology,7 which en-
ables the system to dynamically generate the
content of the web pages on the basis of the
status of the configuration process and the
user’s characteristics. Because the user model is
continuously revised by the system, the appli-
cation of personalization techniques and the
dynamic generation of the user interface sup-
port a reactive adaptation of the interaction, so
that the system can repair the possibly wrong
personalization behavior (because of errors in
the estimation of the user’s properties) and also
adapt to changes in the user’s attitudes. Figures
5 and 6 show two sample pages generated by
the prototype for the configuration of IP-VPNs
we developed by exploiting the CAWICOMS

WORKBENCH.
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Customer features:
   Customer name: Jane Doe;
   Enterprise type: Small Enterprise;
   Company type: Web Design;
Individual defaults:
   Quality of service: silver;
Interests in product/service properties:
   Quality:<H,0.7>,<M,0.2>,<L,0.1>
   Extensibility:<H,0.4>, <M,0.4>,<L,0.2>
   Economy:<H,0.3>, <M,0.4>,<L,0.3>

      ...

Figure 4. Representation of the User’s Data.
The system manages an individual user model that represents the system’s beliefs about the user interacting with the system. The user model
describes the customer characteristics, such as the nationality and enterprise type. Moreover, this model describes the user’s expertise about
the products-services and individual defaults, that is, his/her preferences for specific feature values.



common language for representing config-
urable products, we defined a hierarchy of re-
lated ontologies (Gruber 1992) and structured
these ontological commitments, according to
the proposal of Gangemi, Pisanelli, and Steve
(1999), into three hierarchical levels: (1) the
generic ontology level, (2) the intermediate
level, and (3) the domain level.

In the generic ontology level, the basic repre-
sentation concepts and modeling primitives
are introduced. We used UML, whose metamod-
el defines the basic concepts such as Class and
Association. Based on these definitions, specif-
ic ontologies can be created that refine the
generic concepts for a certain domain. For the
easy integration of models of complex config-
urable products and knowledge reuse, different
general ontologies for the configuration do-

Distributed Reasoning
Distributed configuration problem solving in a
supply chain in CAWICOMS relies on three pil-
lars, described in the following subsections: (1)
ontology-based knowledge sharing, (2) open
XML-based communication protocols and other
interfaces, and (3) advanced constraint-satis-
faction techniques.

Ontology-Based Knowledge Sharing    Dis-
tributed problem solving approaches always re-
quire ontological commitments on domain-
specific terms and conditions to assure the
same interpretation of the content of commu-
nication by all participants. Therefore, the in-
volved configuration systems must establish a
shared view on the product, which requires an
integration and harmonization process during
the setup of the supply chain. To establish a
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Figure 5. A Step in the Configuration of an IP-VPN.
The system asks the user to specify configuration parameters and suggests default values. The system can also elicit the required information
in an indirect way, by asking the user about his/her preferences for one or more properties of an IP-VPN related to the feature to be set.
Given the user’s answer, the most suitable settings to achieve such properties are determined.



main have been proposed (Felfernig, Friedrich,
and Jannach 2000; Soininen et al. 1998). With-
in the CAWICOMS WORKBENCH, a UML profile for
the configuration domain is applied, which is
a synthesis of structure-based, function-based,
and resource-based approaches to configura-
tion. The developed profile consists of a set of
modeling concepts for the configuration do-
main, for example, component types or ports,
and is based on precise semantics that are
needed for automating the knowledge-acquisi-
tion and exchange process. Finally, the config-
uration profile (stereotyped modeling concepts
in UML) is used to define the domain-specific
terms, vocabulary, and relations. In our appli-
cation case, examples for specific concepts in
the IP-VPN domain are Network Segment or
Access Point.8

The key innovation for seamless supply-
chain integration in business-to-business (B2B)
electronic-commerce (e-commerce) is to tackle
the integration problem at the conceptual lev-
el; that is, the supply-chain partners agree on a
common way of conceptualizing the configu-
ration problem. The advantage of this ap-
proach is that during the integration effort,
low-level technical details and proprietary
knowledge representation mechanisms can be
neglected, and the integration can be done on
an easy-to-understand, graphic basis. Further-
more, the proposed conceptualization allows
us to be independent of proprietary or legacy
configuration systems. Given a defined set of
modeling concepts in the intermediate ontology
layer, the resulting conceptual product models
can easily be transformed or mapped to the
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Figure 6. Presentation of a Configured IP-VPN. 
The specification of the whole set of features is not visible in the picture because this type of service is rather complex. The system hides
some details to focus the presentation on the most relevant information, given the user’s interests. The user can reach such details by fol-
lowing the “view more info’’ link.



fixed set of methods with defined semantics for
the configuration domain, such as creating
components, setting values for parameters, ini-
tiating the search process, or retrieving results;
(2) a mechanism to exchange complex data
structures such as configuration results and a
language for expressing navigation expressions
within these data structures (compare XML-
SCHEMA and XPATH); and (3) extensibility mech-
anisms for special domains and support for
transactions for hypertext transfer protocol
(HTTP)–based configuration sessions.

The main advantages of this approach lie in
the independence from individual program-
ming languages and in security-related issues,
for example, the possibility of communicating
over HTTP connections without the need for
opening corporate firewalls for information
processing–based connections.12 Beside the
definition of the protocol and the interfaces,
the CAWICOMS WORKBENCH includes a set of cor-
responding software tools, for example, com-
ponents for transaction support and tools for
interface development based on standard tech-
nologies such as EXTENSIBLE STYLESHEET LANGUAGE

(XSL) transformations and JAVA SERVER PAGES

(JSPs).13

In figure 7, a schematic overview of knowl-
edge integration and communication in a sim-
ple supply chain is given. At design time,
knowledge integration between the reseller’s
and the supplier’s view on the configurable
product is done based on the same conceptual-
ization using UML. These models are trans-
formed into an XML-SCHEMA representation, and
the resulting knowledge base is enriched with
personalization information or additional con-
straints that cannot be expressed graphically.
Before run time, the knowledge bases are
loaded by the configuration engines, the dis-
tributed problem-solving component, and the
user interface generator. During the distributed
search process, the agents communicate using
the XML-based WEBCONNECTOR protocol. Using
a defined set of performatives and a message-
content format, the reseller can, for example,
set a value for different parameters or initiate
the search process at the supplier system.
ILOG’s WEBCONNECTOR component is utilized
to parse and transform the protocol messages
into the internal data structures of the under-
lying constraint-based configuration engine.

Distributed Problem Solving Historically,
several reasoning techniques from the field of
AI were developed and used for the core config-
uration tasks, such as consistency checking, au-
tomatically completing a partial configuration,
or optimizing a solution. Compared to proce-
dural or rule-based implementations of the

representation of an existing (knowledge-
based) configuration system.

To participate in the supply chain of config-
urable products, the public (shared) portions of
the supplier products are modeled using the
defined UML configuration profile. These mod-
els are then integrated into the view of the me-
diating main configuration system. Having a
partial view on the local problem of other
agents is a typical situation in distributed prob-
lem solving such as in distributed constraint
satisfaction (Silaghi, Sam-Haroud, and Faltings
2000; Yokoo 2001). However, the focus of such
approaches lies in intelligent, distributed rea-
soning and the process of setting up a multia-
gent scenario, but the acquisition and mainte-
nance of the knowledge is neglected.

For nonstandard, proprietary products such
as telecommunication switches (Felfernig et al.
2002c), knowledge is integrated in a knowl-
edge engineering process, and the cooperation
is based on long-term business relationships
and contracts. However, in domains such as IP-
VPN provision, where the configurable basic
services are quite similar (for example, internet
service provision) and there are many different
suppliers for the same service, the goal is to
come to an agreed-on product model for these
basic services. Given such an agreement, the
involved communities can establish electronic
marketplaces (e-marketplaces) for configurable
products in a specific domain. Therefore, one
future goal is to extend existing e-marketplaces
with a standardized (semantic) configuration
web service (McIlraith, Son, and Zeng 2001) for
its participants. For details on this approach,
refer to Felfernig et al. (2002a).

Open-Communication Protocols and Plat-
form    A key issue for centralized configura-
tion applications is the integration into the
corporate software infrastructure such as enter-
prise resource planning (ERP) systems or B2B
platforms. This issue is addressed in CAWICOMS

and ILOG’s JCONFIGURATOR by providing ade-
quate interfaces,9 for example, by allowing the
configuration knowledge base to contain refer-
ences to external data sources using a database
connectivity interface; therefore, data do not
have to be kept redundantly in the knowledge
base. Moreover, the workbench is completely
developed on the J2EE platform,10 which is de-
signed for easy integration of components into
enterprise environments.

To support communication within the work-
bench, the CAWICOMS consortium has devel-
oped an XML-based protocol that relies on
ILOG’s WEBCONNECTOR. This protocol, accord-
ing to the evolving paradigm of XML-based SOAP

messaging and web services,11 defines (1) a
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configuration logic, modern approaches, based
on techniques such as constraint satisfaction,
offer the advantages of simple and declarative
knowledge representation and the availability
of high-performance search and optimization
algorithms. Nonetheless, these algorithms and
techniques are designed to run as centralized
processes and therefore cannot cope with the
advanced distributed negotiation requirements
among partners in an informational supply
chain for configurable products. Although the
field of distributed AI made substantial
progress in the last decade, accompanied by
the emergence of the agent paradigm, existing
algorithms for distributed reasoning (for exam-
ple, asynchronous backtracking [Yokoo 2001])
have different shortcomings when applied to
real-world supply-chain settings: Their notion
of parallelism does not fit the client-server in-
teraction style in a (typically tree-structured)
supply chain; moreover, such multiagent sys-
tems require that the involved systems imple-
ment complex algorithms and data structures.
Finally, the issues of knowledge acquisition
and maintenance, as well as supply-chain set-
up, are neglected. In the CAWICOMS framework,
a parameterizable, distributed algorithm is im-

plemented that trades a reduction in achiev-
able agent parallelism for more simplicity in
the algorithm and easier maintenance of the
supply chain. The framework uses the given
supply-chain structure and introduces integrat-
ing agents that coordinate the work of their
supplier systems. The integrating agents also
support dynamic supply chains by computing
appropriate sets of suppliers as part of the con-
figuration process. Technically, the mediating
agents solve their local problems based on an
extension of the generative constraint-satisfac-
tion (Fleischanderl et al. 1998) mechanism,
whereby this core function is implemented in
ILOG’s commercial JCONFIGURATOR libraries.
Each agent is capable of accepting require-
ments from its clients (using the defined proto-
col) and solving the local configuration prob-
lem. In cases where this local subproblem can
only be solved by involving additional supplier
systems, each mediating agent can, in turn,
contact its own suppliers and forward the cur-
rent requirements that are determined by the
current search process. The capabilities of the
supplier systems include consistency checking,
computation of a result, or detection of incon-
sistencies, where in each case the client system
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we concentrate on the IP-VPN domain, which
was used for the final evaluation. Our IP-VPN
test scenario involved a fictitious company
named WooCorp. WooCorp is a fast-growing
technology startup company with offices
across Europe and needs to purchase a VPN to
replace its existing collection of ad hoc com-
munications links. They decided to go to a re-
seller who uses a CAWICOMS configuration sys-
tem. We developed a number of different test
scripts within this scenario, going from the ini-
tial specification of a small network to connect
WooCorp’s major sites, then adding in more
complexity, such as additional sites and dial-up
access for mobile users. The results of the tests
provide strong evidence that the personalized
user interface improves the usability of a con-
figuration system, concerning both the length
and the quality of the interactions with the
users. More specifically, we found the follow-
ing to be true.

First, the personalized suggestion of values
for the features of items and the advanced con-
figuration facilities, such as the automatic con-
figuration of products and services, were ap-
proved by nearly all the users because they can
speed up the configuration process.14

Second, the elicitation of qualitative user re-
quirements on the items (preference elicita-
tion) represented valuable feedback for the less
experienced user because they support an intu-
itive specification of requirements on products
and services. Moreover, novice users particular-
ly enjoyed the ability to let the system auto-
matically set certain item features.

Third, the users found that the explanation
capabilities of the system (which provides the
reasons for a failure by highlighting the violat-
ed constraints) are useful in understanding the
causes of the failures in the configuration and
repairing such failures by selecting different
values for the problematic features.

Fourth, the possibility of suspending a con-
figuration session and resuming it later was
useful to the users who participated in the
most complex test scripts.

Fifth, the personalized presentation of solu-
tions was appreciated, but the users also pro-

has to initiate a backtracking process. The CAW-
ICOMS framework includes two sample imple-
mentations of such complete algorithms that
take special characteristics of their real-world
problem domains into account. These imple-
mentations are described in detail in Felfernig
et al. (2002a, 2002c); the formal requirements
when implementing such algorithm variants
are described in Felfernig et al. (2001). Beside
these two reference implementations, the
framework includes utility libraries for, for ex-
ample, generation of synchronous and asyn-
chronous messages according to the protocol,
access to local knowledge bases on suppliers, or
methods for reacting on events in the local
search process (such as component generation)
to steer the distributed search process. Finally,
the use of an open-configuration protocol and
message-exchange format allows us to inte-
grate non-CAWICOMS configurators at the leaf
nodes of the supply chain that do not have to
implement the required mediating capabilities.
Legacy configurators can be integrated by us-
ing wrapper components that map the small
set of protocol messages into their internal
knowledge representation format.

Evaluation
The prototype system was evaluated a number
of times throughout the development process,
and the evaluation results were used to guide
the system’s further development. To test fea-
tures of the adaptive interface, we used role-
playing exercises involving 50 users with dif-
ferent levels of expertise. Some of them were
familiar with existing configuration systems,
but not necessarily IP-VPN; some were familiar
with the domain; and some were completely
new to this area of technology. These users
gave feedback by filling out a questionnaire
about the usability of the system, aimed at as-
sessing the usefulness of the personalization
and explanation facilities and the flexibility of
the user interface.

We performed tests using two sets of scenar-
ios: one for the telecommunications switches
domain and one for the IP-VPN domain. Here,
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vided feedback for further improvement, ask-
ing for navigation support within the structure
of the solution.

Sixth, 10 percent of the users could not suc-
cessfully end the configuration process because
they were not able to repair the conflicts that
were caused by inconsistent requirements. To
enhance the flexibility of our system, we re-
cently extended the CAWICOMS system with an
undo facility. This operation is aimed at re-
tracting configuration values, so that a differ-
ent item can be configured without starting the
interaction from the beginning. The undo of a
feature setting can be performed to repair a fail-
ure (choosing a different value for the prob-
lematic features) but also allows the user to
change his/her mind before the solution is
generated. Although we could not test the us-
ability of this facility, we are aware that it
might challenge the user who is unfamiliar
with configuration technologies. Nevertheless,
it represents a powerful tool, helping the ex-
pert users to configure items in a quicker and
more flexible way.

Summary and Conclusion
Driven by the new requirements of today’s net-
worked markets and based on emerging busi-
ness models in the telecommunication do-
main, a framework for rapid development of
advanced web-based configuration systems
was developed. The CAWICOMS WORKBENCH in-
cludes technologies and tools addressing the
demands of personalized and adaptive user in-
terfaces and advanced cooperative problem
solving in the supply chain. The workbench’s
components are based on the implementation
of best practices in the corresponding fields as
well as on newly developed mechanisms and
algorithms. Furthermore, the need for open-
ness and integratability in a dynamically
changing, heterogeneous environment was
taken into account, complying with existing
and emerging standards and relying on state-
of-the-art software platforms and XML-based
protocols.

We conclude this article with a broader view

on some experiences we had during the project
and an outlook on future developments and
the next steps.

From a research perspective, this project pro-
vided an excellent opportunity for integrating
the results separately achieved by the configu-
ration systems and intelligent user interfaces
research communities. To this point, they had
not joined their efforts to enhance the state of
the art in the development of complex prob-
lem-solving applications. The integration of
such results was not easy for two main reasons.
First, this attempt was the first to design an in-
teraction model mediating human and auto-
mated configuration reasoning. Second, the
scenarios provided by our application partners
corresponded to future or emerging business
models, and we could not fully rely on experi-
ences or precise requirements statements. Con-
sequently, permanent and efficient knowledge
exchange concerning both the common over-
all goals of the project, as well as lower-level
technical issues, had to be practiced during the
whole project life cycle. One particular inter-
esting challenge we encountered was the
knowledge transfer among AI research and in-
dustry. One the one hand, there is little aware-
ness of the already existing capabilities of AI
technology in industry, particularly in our case
where new algorithms and techniques were de-
veloped. On the other hand, to work with real-
world application scenarios, we had to elicit
the specific business requirements of the appli-
cation partners. One of the major difficulties in
this process lies in understanding the peculiar-
ities of the respective domains and generaliz-
ing these requirements to a level such that a
more general software framework can be de-
signed.

As far as technical issues are concerned and,
in particular, the base technologies such as the
choice of the programming language and envi-
ronment, we made good use of state-of-the-art
technology in industrial environments. The
whole workbench is developed using JAVA-
based web and component technology and
XML-based knowledge representation and ex-
change formats. Beside the possibility of ex-
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current technology in this area in two ways:
First, the application scenario deals with the
configuration of services rather than products.
In fact, many companies try to differentiate
themselves from their competitors that manu-
facture comparable products by providing addi-
tional services. In many cases, the main profit
for the companies stems from the accom- pany-
ing services rather than the product itself. How-
ever, the techniques developed in the CAWICOMS

framework advance current B2B e-commerce
technology. Current systems support coopera-
tion in the supply chain by exchanging orders,
publishing product catalogs, or supporting
billing transactions. In the CAWICOMS approach,
the goal is to support more sophisticated com-
munication and negotiation facilities in an
open network of cooperating suppliers for
mass-customizable products and services over
the web.
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Notes
1. BTexact Technologies, Telecom Italia, ETIS, ILOG
S.A.

2. CAWICOMS Consortium. 2001. D01: Requirements,
Application Scenarios, Overall Architecture, and Test
Specification. www.cawicoms.org.

3. See www.w3.org for more information.

4. See www.rational.com for details.

5. We omit the description of the estimation of the
user’s expertise, which is performed as described in
Jameson (1990).

6. This is in contrast to the internal view of the con-
figuration engine, which can be completely flat, as it
happens for constraint-based engines.

7. See java.sun.com/products/jsp/ for details.

8. Note that actual configurations can be seen as in-
stance models of the domain-specific model.

9. CAWICOMS Consortium. 2001. D01: Requirements,
Application Scenarios, Overall Architecture, and Test
Specification. www.cawicoms.org.

10. Sun Microsystems. 2002. JAVA Web Pages. java.
sun.com.

11. See www.w3.org for details.

12. ILOG’s WebConnector tool kit also supports java-

ploiting standard tools for, for example, dy-
namic web page generation or XML parsing,
these technologies have the advantage that
many of the software tools from the surround-
ing information technology infrastructure
such as databases or e-commerce platforms,
can easily be integrated. Even more, the use of
a pure JAVA-based constraint solver can also be
seen as a key success factor for industrial ap-
plicability of such systems. Using standard pro-
gramming languages (such as object-oriented
languages) in such a project will typically result
in lower project costs for, for example, inter-
face programming; in addition, the expertise of
the existing development staff can be exploited
without additional training or paradigm shifts
in the programming style.

Concerning the long-term business perspec-
tives of the challenges dealt with in the CAW-
ICOMS project, we can identify that there are
three major ongoing trends in the market: (1)
personalization, (2) mass customization, and
(3) increased supply-chain integration of high-
ly specialized solution providers.

Many companies see the provision of per-
sonalized content in the web as an additional
means to improve their customer services and
generate added value for their customers.
Within the CAWICOMS framework, the novelty
of the approach lies in the personalization of
the interaction process for an underlying con-
figuration search routine. In addition, in future
work, the collected information about the cus-
tomer’s needs and preferences (the user profile)
can be integrated into a CUSTOMER RELATIONSHIP

MANAGEMENT (CRM) system in two different
ways: First, once a customer is identified in a
configuration session, we can retrieve the user
profile from the CRM knowledge base. Second,
we can upload additionally learned or entered
information into the CRM system. Such integra-
tion improves the communication with the
user that potentially hops between several sales
channels (internet, sales representative, or cus-
tomer care center). In addition, the informa-
tion about (un)realizable customer require-
ments can be exploited to revise the product
portfolio to discover new market opportuni-
ties.

The mass-customization approach, which
can also be seen as personalization of the prod-
ucts themselves, evolved over the last two
decades and today is the standard business
model for many industrial sectors. As a result,
every major vendor of Enterprise Software
(such as SAP) has incorporated software mod-
ules that support the business processes related
with mass customization and product configu-
ration. The CAWICOMS project tries to advance
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based communication for homogeneous environ-
ments.

13. Sun Microsystems. 2002. JAVA Web Pages.
java.sun.com.

14. The CAWICOMS system can run in personalized and
nonpersonalized modes. In the personalized mode,
the system provides suggestions for about half the
features to be configured.

15. The project’s budget was about €3.5 million.
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pages, not including the bibliography. The first two pages
must include the following: title; the primary author's full
name, affiliation, postal address, phone number, URL (if
available), and e-mail address; all coauthors' full names and
affiliations; text; and any figures, tables, or diagrams. Up to
one additional page may be used exclusively for the bibliog-
raphy if necessary. Papers exceeding the specified length and
formatting requirements are subject to rejection without re-
view.

Submissions to AAAI-04 or Other Conferences
Students are free to submit abstracts for work reported in a
regular paper submitted to the AAAI-04 or another confer-

ence, but not for work that has already been published. Ab-
stracts will be accepted or rejected for the student session re-
gardless of the outcomes of related paper submissions.

Publication
Accepted abstracts will be allocated two (2) pages in the con-
ference proceedings. Students will be required to transfer
copyright of the abstract to AAAI.

Poster Session
Accepted abstracts will be allocated presentation time and
space in the student poster display area at the conference. Stu-
dent authors of accepted abstracts must agree to prepare a
poster representing the work described in their abstracts and
to be available to discuss their work with visitors during their
allocated time in the student poster display area.

Student Abstract Submissions & Inquiries
Please send abstracts to:

AAAI-04 Student Abstracts
American Association for Artificial Intelligence
445 Burgess Drive
Menlo Park, CA 94025-3442 USA

Registration and call clarification inquiries may be sent to
ncai04@aaai.org. All other inquiries and suggestions should
be directed to the Student Abstract and Poster Program
Cochairs:

Avi Pfeffer
Division of Engineering and Applied Science 
Harvard University
251 Maxwell Dworkin
33 Oxford Street
Cambridge, MA 02138-0001
Telephone: (617) 496-1876
Fax: (617) 496-1066
E-mail: avi@eecs.harvard.edu

Mark Craven
Department of Biostatistics and Medical Informatics
University of Wisconsin, Madison
1300 University Avenue
Madison, WI 53706
Telephone: (608) 265-6181
Fax: (608) 265-7916
E-mail: craven@biostat.wisc.edu
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The AAAI Intelligent Systems Demonstrations pro-
gram showcases state-of-the-art AI implementa-
tions and provides AI researchers with an oppor-

tunity to show their research in action. Implemented
intelligent systems allow us not only to experimentally
validate AI research, but also to make AI research acces-
sible to each other, to the broader scientific community,
and to the public at large.

Researchers from all areas of AI are encouraged to sub-
mit proposals to demonstrate their systems. Submis-
sions will be evaluated on the basis of their innovation,
relevance, scientific contribution, presentation, and
“user friendliness,” as well as potential logistical con-
straints. This program is primarily to encourage the ear-
ly exhibition of research prototypes, but interesting ma-
ture systems and commercial products are also eligible
(commercial sales and marketing activities are not ap-
propriate in the Intelligent Systems Demonstration pro-
gram, and should be arranged as part of the AAAI-04 Ex-
hibits program). Demonstrations that can be used by
the audience and/or that interact with the audience are
particularly encouraged.

Demonstration systems should be available as much
as possible during the conference exhibition. Each
demonstration will have a scheduled and advertised
time during which it is the “featured” demonstration.
Each accepted demonstration system must be attended
by at least one knowledgeable representative (preferably
an architect of the system) who will be available to an-
swer in-depth technical questions at scheduled times.

Demonstration proposals must be made electronical-
ly using the forms at the AAAI web site. Please check
www.aaai.org for further details after October 1, 2003. In
addition to contact information, proposals must include
the following, all of which must be submitted via the in-
ternet:

1. A two-page description in AAAI paper format of the
technical content of the demo, including credits and
references. These descriptions will appear in the con-
ference proceedings, space permitting.

2. A 150-word summary of the demo in plain text. Please

include title, demonstrator names, and affiliation(s).
This summary will be used to compile a program for
the demonstrations. Please try to keep the descriptions
under the 150-word limit.

3. A demo storyboard of not more than six pages total or
an informal video of the demo (in MPEG or Quicktime
format), that describes how the demonstration will
proceed (as opposed to the technical merits of the re-
search being demonstrated). This is the committee’s
primary method of evaluating your proposal. Please
emphasize the elements that make your demonstra-
tion exciting and interesting.

4. A detailed description of hardware and software re-
quirements. Demonstrators are encouraged to be flex-
ible in their requirements (possibly with different
demos for different logistical situations). Please state
what you can bring yourself and what you absolutely
must have provided. Generally speaking, we can pro-
vide computer monitors and peripherals such as TVs
and VCRs, as well as a network connection. Each
demonstration will be assigned a booth in the Exhibit
Hall.

Demo proposals must be received in their entirety in-
cluding any supporting materials by Friday, February 20,
2004. Authors will be notified of acceptance by March
19, 2004.

We especially hope that authors of papers accepted
for presentation at the conference technical program
will be able to demonstrate their research in the AAAI
Intelligent Systems Demonstration Program. To present
a system demonstration, however, the authors must still
submit a proposal conforming to the above require-
ments by the Demonstration program deadline. Submit-
ters who wish to demonstrate intelligent mechanical
systems that interact with the real world (aka “robots”)
should direct their efforts toward the Robot Exhibition.

If you have any questions or comments about the
AAAI Intelligent Systems Demonstration program, we
encourage you to address them to the program organiz-
er, Chris Welty (welty@us.ibm.com).
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