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Abstract

Configuration systems are key tools in the sales of
complex services and products because they sup-
port the dynamic generation of solutions. How-
ever, such systems, typically designed for expert
users, are too technical for the average customer of
a Web store. As a solution to this issue, we present
a model for the integration of Intelligent User In-
terfaces and Configuration techniques. This model
supports the development of adaptive configuration
systems, which help the user in the selection of the
features to be set and present the solutions accord-
ing to the user’s interests and expertise.

Introduction

configuration engine, aimed at mediating the interactiadh wi
the user. The CAWICOMS frontend customises different as-
pects of the interaction. While the user selects the feature
of the item to be configured, the system assists her by elicit-
ing requirements in a non-technical way and by possibly sug-
gesting the values best fitting her requirements. Moreover,
the system explains in a friendly way the possible failures i
the configuration process, in order to help the user to choose
different features. Finally, the system personalises tiee p
sentation of the configuration solutions by focusing on the
most interesting information. We have exploited the CAW-
ICOMS frontend in two application domains: the configura-
tion of (1) Telecommunications Switches (i.e., hardware de
vices used to connect telecommunication networks) and (2)
of IP-based Virtual Private Networks (IP-VPNSs). In the fol-
lowing, we use the latter domain as concrete example.
Section 2 describes the representation of the domain-

Although efficient recommendation techniques have been despecific knowledge about products/services. Section 3isleta
veloped to customise the suggestion of items off the $iélf  the integration of configurators with intelligent user inte

13; 4; €, such techniques do not support the adaptive configfaces. Section 4 shows the management of personalisd con-
uration of items, which is essential to comply with the cus-figuration interactions. Section 5 describes our approach f
tomer’s requirements when purchasing complex products, afenerating explanations. Section 6 presents some ewauati
registering for complex services. The main problem is thatesults and Section 7 concludes the paper.

the system has to tailor the problem solving process gener-

ating personalised items to the customer’s preferencds. Ef .
cieng[ Eonfiguration systems have been devgloped, which ca% Representation of Knowledge about

handle configurable items in large-scale domains; €1g; Products and Services

10; 9. However, SUCh. systems are designed _for one Plrpe cAWICOMS frontend reconciles the needs of the under-

cal user class, neglecting the fact that users differ in sieed) i\ o onfiguration engine with the user's interaction rieu

knowledge about the product details, and expertise. mdee.%ents. The addition of an adaptive interface to a configura-
ion engine requires that the implementation-oriented\aé

many configurators are product oriented in their communiy
cation process, ignoring the needs of large user groups (e‘Qhe configurable items has to be extended with a user-odente

goal oriented customers or help seeking waverers) who can-

not deal with (and are not interested in) product detailedPr view, focuseq on the properties offered by such |tems_.
. ' . The technical knowledge about products and services ex-
uct oriented configurators require that the user knows all th

details about the items to be configured. One way to enhanc%%t&ds ts)ysigtran (;glri]ggl;:]a:'r?envfer;ﬂ'(?]%v&?gqer('){:g%t_thg mC'_A‘W'
the usability of such systems is to extend them witer- Y P porap

DO g : . proach for configuratiofil2]. In that approach, configurable
g(rjc?cpetg/seipfggfse()gnué(lji!sneg dtug;;sl?r through the configuration items are described, at the conceptual Ieve_I, as sets of@omp
Within the CAWICOMS projec;t we have developed an nent types, related to one another by relations (ports). -Com

. ) . ponents are further characterised by attributes correlpgn
intelligent user interface (the CAWICOMS frontend) for a to product features which are assigned to a specific value

1CAWICOMS is the acronym for “Customer-Adaptive Web In- during problem solving. Usually a set of possible values
terface for the Configuration of Products and Services witlitile ~ constrains the valid assignments (e.g., packetLoss: )1..10
Suppliers”; see http://www.cawicoms.org. A knowledge base further constrains the allowed attribute-
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instance, the inclusion of a certain componentin a configura
tion may have a positive or negative impact on the evaluation
of one or more properties of the item to be configured.
value combinations, port connections, and instantiatimins  Figure 2 shows the evaluation of the reliability of an IP-
the component types. We refer to such conceptual represeWPN with respect to the packet loss rate, the type of router,
tation as theproduct modelFigure 1 shows a portion of the and so forth. The impact of a set of features on the evaluation
conceptual representation of IP-VPNs. The components resf a property is defined by following the approach defined in
flect the internal organisation of the items, e.g., the ptalsi the Multiattribute Utility Theory[15]:
elements assembled in a product. Individual items are de-
scribed as instances of the conceptual model.

To support a user-oriented management of the configu-
ration process, we have extended this representation with valuefor the property, representing the contribution to

personalisation-oriented information. Specifically: the property provided by the feature. For instance, Fig-
e We separated the features and components to be pre- ure 2 shows that the packet loss rate negatively influ-
sented in the user interface from those to be exclusively  ences the reliability of an IP-VPN: the higher is the rate,

Figure 1: Portion of the IP-VPN product model.

e For each property,Value functionsre defined to spec-
ify the dependencies between the individual features and
the property values. Each value function provides a

handled by the configuration engine. the lower is the reliability of the network.

. We e_nriched the repreS_entation_of features with the spec- ¢ Thevalueof the individual features is combined to ob-
ification of thetype of informationthey convey: e.g., tain the overall evaluation of the property by applying an
technical, economic and other types of information. integration function. We exploited the weighted sum of
Moreover, we specified@mplexity levelas an estimate the values as an integration function (ad hoc functions

of the degree of expertise required to understand the fea-  can be defined for handling non additive cases).
ture meaning. Furthermore, we specifiedréicality
level needed to identify features whose value should b
explicitly acknowledged by the user, andexplanation

of their meaning.

ét should be noticed that, although the specification of the

User-oriented information for a configuration domain is a

knowledge intensive task, it is leveraged by a specialisiéd e

tor developed by the CAWICOMS consortium; $8k Start-

e We grouped the features in homogeneous groups thahg from the specification of the product model, the editor
intuitively correspond tccomponents, from the user's enables the service developer to extend components and at-
point of view The definition of such groups enabled us tributes with information about their criticality, compigy
to provide the user with a structured view of the prod-|evel, and so forth. Moreover, the editor supports the defi-
uct/service, which may differ from the implementation- nition of properties and specification of the relation beswe

oriented representation specified in the product modeproperties and technical features in the product model.
(used by the configuration engine). For instance, the

groups may be coarser-grained than the components ig

the product model, hiding implementation detalils. Integrating User Interaction with

¢ We introduced the representation of properties aimed at Configuration
evaluating the items from a qualitative point of view. The intelligent user interface mediates between user amd co
The specific properties to be used depend on the applfigurator. In order to elicit user requirements and to presen
cation domain. In the configuration of IP-VPNs, we de- possible solutions (see Figures 3, 4 and 5), the interface ex
fined properties such as the performance and the religdloits the services provided by the configuration problem
bility of the switches/networks. solving component. However, to put the user in control of

The properties are aimed at enabling the system to elicit-fun the interaction, the system enables her to choose which com-

tional requirements about products from the user. Howeverponents of the product/service she wants to configure first,

such requirements have to be translated to technical la.*équir\,\/hlch ones she is not interested in specifying, and so forth.

ments guiding the configuration process. To this purpose, th  2properties denote dimensions in MAUT.

defined properties have to be related to the technical fesitur  3Given the evaluation of a product/service with respect o it
in order to describe the impact of such features on the evalugroperties, the overall evaluation is determined by coinbirthe
tion of items with respect to the corresponding proper®s.  property values in a weighted sum, according to MAUT.



In the CAWICOMS project we adopted the following gen- In addition, we specify whether the configurator should
eral view of these activities. The configurator starts from a run in the propagate mode or in the auto complete mode.
set of user requirements (e.g., needed components, p_mbferr 2. Start the configuration process.
feature values) and searches for a complete and consietent s . . . . .
lution such that all constraints of the product knowledgesba 3. If the requirements are inconsistent with the configura-
are satisfied, all features are assigned, and no componentin  tion knowledge base return the conflict sets (at least one

stance is missing[7] gives a formal definition). The inter- or all if run time allows).

esting point is the elicitation of the user requirementsolthi 4. If the configurator has computed a complete and consis-
is performed by the user interface by following the user- tent solution output this solution; otherwise output the
oriented representation of products and services deskiribe possible user decisions.

Section 2. The user is provided with a list of components t
be configured and she may choose which ones she wishes
configure first. For instance, when configuring an IP-VPN,

he process goes on until a complete and consistent configu-
Stion is found. The search engine optimises configuration

: . - solutions by applying heuristics. These heuristics suppor
the user might start from the high-level specification of the ecisions aimed at finding configurations which better sat-

network, by defining the number of access points. Then, shI fy the user's interests and at improving the search peoces

might configure the individual access points, and the backs C . .
bone access, and so forth. The found solution is the best solution (from the configurato

i ; - oint of view) the configurator can provide. In principle it
During this search process, decisions must be drawn, e.qps possible to generate a set of consistent configuratioths an

which value should be assigned to a feature or which com:

; ) -~ present these configurations to the user. However, depgndin
ponent type should be instantiated. Some of these deusmrﬁ)% the application t%is could lead to an information ovzg%o

could be made by the user (henceforth, possible user deci-

sions). The rest of these choices must be made autonomou?&r the user. In the CAWICOMS applications we decided to
by the configurator. Note that we are talking abpassible esent only the best solution found so far, in order to keep

o X . X .the complexity of user interaction low.
user decisionbecause if enough information about the user’s In the CAWICOMS project we applied a constraint satis-

interests and requirements is available to the system,rend t.faction system as a configuration eng[e: 13. The prop-

choices are not too critical, the frontend may make the deci-: . X
sion without involving the user at all. agate mode corresponds to the constraint propagation phase

The user interface enables the configuration system to WorwhICh computes the domain reduction of the possible feature
in two modes: \{alues. The auto complete mode corresponds.to the solu-
tion construction process where after a constraint propaga
« In theinteractive modépropagate mode), requirements tion phase we search for a complete value assignment of the
are elicited from the user and passed to the configuratiogonstraint variables.
system. This process may have three types of output:

a) a complete and consistent configuration (if the4 Adaptive User Interaction

user's decisions were sufficient to generate it);  The CAWICOMS frontend adapts the interaction style to the
b) aset of user decisions to be made (i.e., features angser by customising the elicitation of requirements and the

their allowed values); presentation of information. The methodologies undegyin
c) if the user's requirements are inconsistent, setghese activities are outlined in the following subsections

(conflict set¥ of conflicting requirements together

with the part of the configuration knowledge base4.1 Management of the User Model

needed to generate an inconsistency. The informathe CAWICOMS frontend manages an individual user model

tion is used to generate explanations for the user{UM) describing the user interacting with the system. The

see Section 5. UM stores information about user characteristics, suchas t

e In theauto-complete modall decisions are made by the hationality. Moreover, the UM stores the system’s estimate
configurator. The output is either a complete and con&bout the user’s interests in the properties of the configera
sistent configuration or a set of conflicts. The user isitem (reliability, performance, economy, etc.). Finaflige
allowed to invoke the auto-complete mode at any stagé/M stores the estimates of the user's knowledge about the
of the interaction with the system. Thus, she may dele£onfigurable items. _ _ _ _
or she may work in interactive mode for a while, to con- Of the user’s interests and knowledge are updated by inter-

figure the components she is most interested in, and Iétreting her behaviour. The system sometimes asks the user
the configuration system do the rest of the job. to explicitly self-assess her own expertise and interéétse

L . . . interesting, the user’s interests can be estimated asematt
The communication flow between the intelligent user inter, mayimise the utility of a configuration solution by means
face and the configurator is the following: of actions, such as the rejection of the system’s suggestion
1. The configurator receives a set of requirements in fornand the acceptance or rejection of a proposed configuration;
of instances of the product model. Some of these resee[14; § for details. Finally, the user's expertise can be es-
guirements correspond to user inputs, some of them matfmated by identifying her information needs. For example,
be generated by the intelligent user interface on its owndownloading the pages that explain the meaning of features
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Figure 3: A step in the configuration of an IP-VPN.

wour interest in... e support for network address translation, and the roaming ac
cess. The suggestions can be overridden, as the user did with
the IP voice and video streaming. Moreover, the user is al-
lowed to delegate the system to set the values of the required
features on her behalf (“ignore” button), or to postpone the
selection of values (“postpone” button). As shown in Figure
and components of items is interpreted as evidence that ti¥e the system may also elicit user requirements by question-

reliability

Figure 4: Elicitation of preferences for IP-VPN properties

user is not familiar with that type of information. ing her about her preferences for properties (e.qg., rditigbi
o ) of an IP-VPN. Given the answer, the most suitable settings
4.2 Personalisation of the Interaction to achieve such properties are determined, on the basig of th

The management of a user-friendly configuration process i§inctional knowledge available to the system (see Figure 2)
basged on the perspnahsed elicitation of r_equwementsta_bomrbersonaliseol Presentation of Solutions
the item to be configured and the personalised presentdtion

the configuration results. cf‘he system personalises the presentation of a solution to be

proposed to the user (e.g., a configured IP-VPN), by focusing

Personalised Requirements Elicitation the description on the information best fitting her intesest

The estimates on the user’s current interests in the item’and expertise. Presentation strategies split the listaififes

properties, such as its reliability, are used to steer the co to be presented into a subset to be shown in the main pre-

figuration process by proposing feature values and compasentation page, and two subsets to be linked as technical and

nents that maximise the user’s expected evaluation of the ssupplementary information. Such strategies are evaluatdd

lution. In this way, the system reduces the number of deciapplied to each individual feature, and select the pretienta

sions she has to make. The system also uses other persondépending on its criticality, the user’s interests and etxge

isation strategies. For example, individual defaults ezpr  Similar to the personalised elicitation rules, the preston

ing preferred values can be applied, or personalised dsfaulstrategies are managed by a rule-based engine as pridritise

describing business rules based on the customer’s characteules. We show the rules in decreasing priority order.

istics. These personalisation strategies, describé®]jrare 1) Show very critical features in the main presentation page

represented as declarative rules with priority. 2) If the feature is related to a property important for therus
Figure 3 shows a page generated during the configuratiothen it must be shown in the main presentation page.

of the optional services of an IP-VPN (such services are rep3) Link as technical information the technical featureated

resented as a component in the user-oriented representatito properties for which the user’s estimated interest isenod

of the service). The system asks the user to specify whethete (thetype of informatiorfacet is used to distinguish tech-

the company wants the extended reach to Eastern countrigscal features from other data).

Moreover, the system suggests to set the dhcp and the cod) Link as “more information” the features related to preper

gestion management protocol as standard configuration déies for which the user’s estimated interest is low.

faults. Furthermore, personalised defaults are suggésted  The presentation is structured according to the “user-

the support of IP voice, the provision of video streaming, th oriented components” defined in the user view; see Section 2.
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Figure 5: Portion of the presentation of a configuration sotu

For instance, Figure 5 shows a portion of a page generated laspects with lower interest can be changed more easily. For
our system for the presentation of a configured IP-VPN. Thenstance, if I'm not very interested in the packet loss ragnt
page shows the general features of the IP-VPN, which areémight agree more easily on changing the value for this fea-
grouped in the main component of the user-oriented servicture. Consequently, we can attract the user’s attentiohdo t
representation. The presentation is organised in a compartlevant parts in the revision process.

way, by listing the values of each feature. Similar presenta

tions are generated for the other service components. 6 Evaluation

. In order to test the adaptive interface, we used role-ptayin
5 Explanations exercises involving a small number of users with different
The CAWICOMS architecture allows the generation of userevels of expertise. Some of them were familiar with exist-
adaptive explanations of conflicting requirements. A narus ing configuration systems, but not necessarily IP-VPN, some
adaptive approach was proposed Bl In configuration ses- were familiar with the domain, some completely new to this
sions this is a key for success because otherwise the user haga of technology. These users gave feedback in the form of
no hint why a certain set of requirements does not lead to ang questionnaire.
valid solution. In case the user formulates requiremerdte su  We performed tests using two sets of scenarios: one for
that no consistent and complete solution can be computed, wbe Telecommunications Switches domain and one for the
further analyse the conflict sets returned by the configuratolP-VPN domain. Here, we concentrate on the IP-VPN do-
and present only the relevant part of these conflict setse Notmain, which was used for the final evaluation. Our IP-VPN
that in case the computation of all conflicts is not possibletest scenarios involved a fictitious company named WooCorp.
we base our processing on the conflicts found so far. EverWooCorp are a fast growing technology start-up company
conflict gives a hint to the user regarding necessary changesvith offices across Europe and need to purchase a VPN to
We store in our knowledge base whether the user inputeeplace their existing collection of ad-hoc communicagion
could be retracted or not; e.g., the value of the packet losinks. They have decided to go to a reseller (Network Global
could be retracted, whereas the user age could not. SimBervices) who employ a CAWICOMS configuration system.
lar, we distinguish between hard and soft constraints wher®Ve developed different test scripts within this scenarimgo
the user has the possibility to relax soft constraints wéere from the initial specification of a small network to connect
hard constraints are fix. In the presentation of the conflict&VooCorp’s major sites, then adding in more complexity such
we exploit the expertise level of the user in order to find theas further sites and dial-up access for mobile users.
right level of detail. Moreover, we exploit the user’s inter  The results of this evaluation were satisfactory. The total
ests. We assume that user input which is linked to technicatumber of questionnaires analysed was 30. Approximately



half of the test subjects were novices, with 10% in the “Inter References

mediate” bracket. Our test users particularly liked thelifac

ties designed to help novice users: 55% liked the suggestion
facility and 35% explicitly praised the auto-configure one,
which was equally liked by novice and expert users. 70942l
of users felt that the adaptive aspects of the system improve
the user experience.

7 Conclusions [3]

We discussed the integration of personalisation and Web-
based configuration in the development of Web-based confiq-4]
uration systems. In particular, the present paper was éstus
on the coordination of an intelligent user interface wite th
underlying configuration engine needed to generate configu[-
ration solutions; the generation of personalised inté@ast 5]
with the user, and the generation of explanations of passibl
failures during the configuration process. The adaptation t
individual user requirements enhances the usability ofigen
uration systems. Moreover, it contributes to the managémelj6]
of mass-customisation in e-commerce, as it supports the sat
isfaction of individual needs at the cost of mass production (7]

Our approach complements and enhances existing cus-
tomer relationship management (CRM) systems. In case
we can identify a user, we can download the information
provided by the CRM database to replace the stereotypicellb]
user information. In addition, we can upload into the CRM
database the information we gained about a specific user dur-
ing a configuration session. This integration improves the
overall communication with the user because customers fre-
guently hop between different sales channels (e.g., iatern (9]
sales rep, and customer care centre) and improve their knowl
edge about interests and expertise. In addition, we caigxpl
the information about (un)realisable customer requiresien
to enhance the product build blocks (i.e., the product and se[1(]
vice portfolio) in order to discover new market opportugsti

Our model supports the suggestion of personalised choicgg 1]
during the configuration process, the explanation of fagur
the provision of extra-information about the items to be-con
figured and the personalised presentation of solutions. The
personalised user interface for the configuration system i&LZ]
based on the dynamic generation of the Web pages, whic
are created on the basis of contextual information, such as
the content of the user model and the type of information
to be displayed. As the UM is continuously revised by the[13]
system, a reactive adaptation of the interaction is supgort
so that the system can acknowledge changes in the users]
expertise and interests. We have applied our model within
the CAWICOMS workbench for the development of adaptive
Web-based configuration systems.

This work was funded by the EU through the IST Pro-[1g]
gramme under contract IST-1999-10688. We thank the other
partners of the CAWICOMS project (Telecom ltalia Lab,
ETIS, ILOG SA, University of Klagenfurt) for their contri-
bution to the design and development of the CAWICOMS
configuration system.
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