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ICONIC
Interactive CONstraint-based Configuration

Elise Vareilles' and Hélene Fargier? and Michel Aldanondo’ and Paul Gaborit!

Abstract. Constraint satisfaction problems or CSP are very often
used to formalize product configuration problems in both research
and industry. CSP formalize relevant knowledge through variables,
each one associated to a definition domain, linked by constraints, lim-
iting the combinations of their permissible values. Thus, CSP makes
it possible to describe exhaustively the solution space, corresponding
to a set of all possible products. Two different methods of processing
CSP allow to exploit the generic models in an interactive way: prob-
lem filtering methods (reasoning directly on the CSP network and
removing inconsistent values) and solution filtering methods (reason-
ing on a representation of the solution space in the form of a com-
piled graph). Both of the methods have advantages and drawbacks
in online product configuration. This paper aims at putting the first
ideas on the joint use of these two methods in the same interactive
configuration problem.

1 Introduction

Who has never wanted to own a particular product, such as shoes,
smart-phone, cosmetic, car, etc., specially designed for him/her, per-
fectly suited to his/her desires, and affordable ? For several decades
now, customers want to bring a personal touch to their products to
make them special and unique. To meet this demand of personal-
ization, companies nowadays no longer only offer standard products,
but more and more personalizable ones. Thanks to the Web technolo-
gies, this personalization is done directly and interactively online.
Customers can play with the range of choices and options offered by
companies: they can assemble, cut, color, choose, ... visualize the re-
sult of their desires and ultimately order it, in a few minutes with a
few clicks.

Enabling consumers or customers to personalize their products
(glasses, shoes, computers, cars, etc.) is one of the current concerns
of companies, whatever their size or activity sector. From the con-
sumers’ point of view, this customization has to be simple and fast (a
few clicks on a web-page) while allowing them to obtain the prod-
uct corresponding to their desires and their budget. From a business
perspective, this customization is based on the definition of config-
urable products, represented by catalogs of predefined components
and their relationships, as well as the implementation of interactive
configuration systems or configurators.

Consequently, configuration systems have to cope with high com-
binatorial problems. To do so, they exploit a generic model [37] [34]
[35] gathering knowledge about:
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e customers requirements and desires on product definition,

e product components including their compatibility and / or incom-
patibilities (defining the generic bill-of-material for a product fam-
ily),

e product production or manufacturing process.

Constraint satisfaction problems or CSP are very often used to for-
malize product configuration problems in both research and industry
[7]1 [19]. CSP formalize relevant knowledge through variables, each
one associated to a definition domain, linked by constraints, limiting
the combinations of their permissible values [29]. Thus, CSP makes
it possible to describe exhaustively the configuration problem and its
solution space, corresponding to a set of all possible products. The
users interact with the configuration system by progressively giving
a value to or limiting the domain of the variables of their choice until
all the variables have a unique value and the product is completely
configured. The job of the configuration system is to guarantee that:

1. all choices are consistent with each other, at each step of the con-
figuration process,

2. they can lead to the configuration of the desirable product and

3. the relevant indicators, such as price, delivery time and so on, are
maintained up-to-date.

Two different methods of processing CSP allow to exploit the
generic models in an interactive way:

e problem filtering methods which reason directly on the CSP net-
work and remove inconsistent values. These methods use the con-
straints to make deductions on the problem by detecting locally
inconsistent values. They guarantee interaction with the users but
not the withdrawal of all values leading to non-solutions (they are
therefore “incomplete”).

e solution filtering methods which reason on a representation of the
solution space in a form of a compiled graph. This compilation
takes place off-line before the query phase, which relaxes the con-
straints on their temporal complexity but repels the difficulty in
space: the compiled form can have an exponential theoretical spa-
tial complexity.

Knowing this context, the aim of this article is therefore to give the
first idea on a joint use of filtering and compilation methods in the
same configuration problem to exploit the best of both approaches
and mitigate their identified limits in the interactive product configu-
ration problems.

The paper is divided as follows. In section 2, the motivation of our
proposal, the constraint background and a simple illustrative example
are presented. In sections 3 and 4, a focus is made respectively on
problem filtering methods and solution filtering methods as well as



their their advantages and disadvantages in product configuration. In
section 5, the main idea of the proposed hybrid method is exposed as
well as some discussions.

2 Motivation, Background and Example

In interactive configuration problems, it is the user and not the ma-
chine that solves a combinatorial problem of optimizing preferences.
Product configuration problems are ones of the typical examples (in-
teractive configuration of a car, of a computer, etc.). By allowing the
customers to explore the solution space, the online configuration sys-
tem allows them to maximize their satisfaction.

Constraint satisfaction problems or CSP are very often used in
product configuration problems, both in research and in industry [7]
[19]. Many authors such as [40], [34], [27] have shown that config-
uration could be efficiently modeled and aided when considered as a
CSP (Constraints Satisfaction Problem). A CSPis a triplet { X, D, C}
where X' is a set of variables, D is a set of finite domains (one for
each variable) and C a set of constraints linking the variables [29].
The variables can be either discrete or continuous. The constraints
can either be of compatibility, when defining the possible or forbid-
den combinations of values for a set of variables (lists of compatible
values, mathematical expressions), or of activity, when allowing the
activation of a subset of variables and constraints [27] [20] [37].

The constraint-based modeling makes it possible to easily formal-
ize the generic product family by a set of variables, each one associ-
ated to its definition domain and linked to the others by constraints
that limit the combinations of allowed values. Constraints make it
possible to describe exhaustively the solution space, i.e. the set of
possible products. CSP have several advantages:

e a great freedom of knowledge modeling: compatibility between
components, mathematical formulas for product evaluation, acti-
vation of optional components, etc.,

e non-orientation of reasoning: any variable present in the problem
is both an input variable (which may be restricted by the user) or
an output variable (resulting from a calculation, for example). It is
therefore quite possible to constrain the price and then identify all
the corresponding products,

e a clear separation between knowledge models and their exploita-
tion (algorithmic processing),

e the possibility of combinations with other knowledge based ap-
proaches, and more particularly with case-based reasoning or
CBR [206] [22] [1] [41], data-mining [18] [21] [2] and ontologies
[38] [30] [39].

Constraint-based configuration systems allow to the users to
browse the CSP solution space (the set of all possible products) by
offering them the ability to:

e visualize the current solution being configured in a relevant way
by presenting only the components, variants and options which
are actually part of the solution,

e express preferences on components, variants, and options, such as
selecting a single value, choosing a set of values, excluding a set
of values, or expressing explicitly preferences explicitly between
values,

e estimate the current solution being configured according to several
criteria, sometimes antagonistic, such as its cost, performance or
delivery time,

e express constraints on evaluation criteria, such as limiting the cost
/ performance / delivery time of the current solution, which limit

the choice of options and variants, or optimize solutions on one of
these criteria [32] [33].

Technically, product configuration is an iterative process of remov-
ing solutions (products or components) from the solution space that
are no longer consistent with the choices made by a user (typically,
the potential customer) and the generic model. Through an iterative
process, the user gradually specifies his/her needs and gradually con-
verges towards a solution or a set of solutions satisfying his/her needs
and desires.

Two concurrent methods of CSP processing allow us to reason on
the generic model interactively: the methods reasoning on the prob-
lem described by a network of constrained variables (object of sec-
tion 3), and those reasoning on a solution space represented as a com-
piled graph (object of section 4).

We illustrate our proposal on a very simple example of car config-
uration, coming from [4] and presented in Fig. 1.
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Figure 1. Car configuration problem [4]

This very simple example is composed of:

e six components: X = {bumpers, top, wheels, wheels, body, hood,
doors} with all the variable sharing the same initial domain: D =
{ white, pink, red, black }

e six constraints of C:

- V(Ch) = {body, doors} with {(white, white),
(pink,pink), (red,red), (black,black)} as allowed
combinations,

- V(Cs) = {hood, doors} with {(white, white),
(pink, pink), (red,red), (black,black)} as allowed
combinations,

- V(C3) = {body, hood} with{(white, white), (pink, pink),
(red, red), (black,black)} as allowed combinations,

- V(Cy) = {bumpers,body} with {(white,pink),
(white,red), (white,black), (pink,red), (pink,black),
(red, black)} as allowed combinations,

- V(C5) = {top,body} with {(white, pink), (white, red),
(white, black), (pink, red), (pink, black), (red, black)} as
allowed combinations,

- V(Cs) = {wheels,body} with {(white, pink),
(white, red), (white,black), (pink,red), (pink,black),
(red, black)} as allowed combinations.

3 Problem Filtering Methods

The problem filtering methods use the constraints locally to detect
the values which are no more consistent with the current problem.



One of the most widely used methods is the one of arc consistency
[29]. Arc consistency verifies that any value d of a domain D of
a variable v of V' is compatible with each constraint taken one by
one. Dedicated filtering methods based on the arc consistency exist
for each type of CSP: k consistency techniques (arc consistency and
path consistency) used mainly for discrete or mixed CSP [24] [11]
[13], arc continuous consistency [16], 2B-consistency [23] or Box-
consistency [10] [9] for continuous CSP.

All the difficulty of the problem filtering methods lies in the fact
that a perfect filtering is generally an NP-complete problem. There-
fore, CSP filtering algorithms are limited to local, approximate, but
polynomial reasoning. In interactive configuration, the use of prob-
lem filtering methods ensures the interactivity with users but does not
guarantee the pruning of all values leading to non-solutions.

e Advantages of problem filtering methods:
Reasoning on any type of configuration problem (discrete,
continuous or mixed with or optional variables, etc.).

e Limitations of problem filtering methods:
Probable conservation of not realizable solutions and use of
the backtrack mechanism to restore coherence.

Let’s have a look at the use of problem filtering methods on our
simple example. The corresponding constraints network is presented
in Fig. 2.
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Figure 2. Car configuration problem Network

On such an example, there is no problem of filtering: all the in-
consistent values are easily removed as the CSP is discrete and quite
simple. But on much more complex configuration problem with dis-
crete and continuous variables, the pruning of all values leading to
non-solutions cannot be guaranty [12].

4 Solution Filtering Methods

The solution filtering methods are based on the transformation, by
compilation, of a formalized configuration problem such as a CSP
into a finite state automaton which therefore exhaustively represents
the space of solutions [42]. This type of method has the advantage of
avoiding subsequent backtracks after the compilation of the automa-
ton and solves the filtering quality problem [5].

The compilation of a discrete problem into a finite state automaton
is NP-complete, but it is done off-line, not online as it is for problem
filtering methods. It has already proved its relevance and efficiency
on actual industrial applications [5]. The online use of the compiled

automaton guarantees that the users’ choices lead to a solution in
linear time which is completely consistent with interactivity in con-
figuration.

e Advantages of solution filtering methods:
Guarantee of achieving a solution without backtracks.

e Limitations of solution filtering methods:
Inability to efficiently compile certain types of problems (es-
pecially with continuous variables) and spatial explosion on
problems with optional variables.

Let’s have a look at the use of solution filtering methods on our
simple example. The corresponding automaton is presented in Fig.
3.
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Figure 3. Car configuration problem Network

On such an example, there is no problem of compilation: the au-
tomaton is very quickly generated. But on much more complex con-
figuration problem with discrete and continuous variables, it can be
very difficult, and sometimes impossible, to build the finite state au-
tomaton.

5 Hybrid Proposed Method & Discussions

Product configuration is a topic that emerged some twenty years ago
and which is developing significantly at the present time, driven by
industrial applications and scientific results [7] [19].

With respect to constraint-based configuration problems, problem
filtering methods [29] [12] have already proved their worth for dis-
crete problems (core of many configuration systems, including those
of ILOG, Pros); The problem filtering methods have been recently
enriched (global inverse consistency [12], filtering and alternative
values [8]). Nowadays, the main difficulty is to efficiently integrate
continuous variables without discretizing their domain (essentially
filtering by bound-consistency [23] [9] [16]) and secondly, to effec-
tively take into account optional components without adding a spe-
cific value in domains [3] [43] [25].

The solution filtering methods [5] have also been extended by
taking into account price information, which the problem filtering
methods have difficulty to handle [6], by developing particularly ef-
ficient data structures [15], and finally by the definition of methods
of learning user’s preferences on compiled structures [14]). Some
works have extended the solution filtering methods to continuous or
mixed CSP [28] [31] [17], but rather on scheduling problems than on
product configuration ones.

The objective of the article is to discuss on the design, develop-
ment and testing of an interactive configuration algorithm that com-
bines the problem filtering and solution filtering methods. The devel-
opment and testing of this new hybrid filtering method would allow
the best of both approaches to be exploited by mitigating their limits
identified in interactive product configuration problems.



Scientifically, the first idea is to compile the sub-components of
the product family and to use problem filtering algorithms to propa-
gate users’ choices from one automaton to another. This first joint use
could avoid the pitfall of the spatial explosion due to optional com-
ponents. The second working line deals with a proposed data struc-
tures more suited to continuous variables than the conventional au-
tomatons and exceeding the bound consistency filtering approaches.
Rather than adapting the structures designed for discrete variables to
continuous ones (which is possible but ineffective by discretizating
the continuous domains), the approaches resulting from the work on
continuous domains could be used, such as Q-trees and R-trees [36].

Compared to existing work, the proposed hybrid method is
therefore both logical and innovative: how to combine problem
filtering and solution filtering methods together in the same con-
figuration problem. The future results seem very promising for
interactive configuration problems.

A PhD subject is actually waiting for a good candidate and future
PhD student. The PhD thesis is conducted between two teams: the
ORKID research team of the Industrial Engineering Lab of Mines
Albi France and the ADRIA research team of IRIT Toulouse France.
All the proposals will be validated on several industrial cases mainly
from the automotive sector.
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