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Élise Vareilles 1 and Hélène Fargier 2 and Michel Aldanondo 1 and Paul Gaborit 1 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, limiting 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: problem filtering methods (reasoning directly on the CSP network and removing inconsistent values) and solution filtering methods (reasoning on a representation of the solution space in the form of a compiled 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.

Introduction

Who has never wanted to own a particular product, such as shoes, smart-phone, cosmetic, car, etc., specially designed for him/her, perfectly 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 personalization, companies nowadays no longer only offer standard products, but more and more personalizable ones. Thanks to the Web technologies, 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 result 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 consumers' point of view, this customization has to be simple and fast (a few clicks on a web-page) while allowing them to obtain the product corresponding to their desires and their budget. From a business perspective, this customization is based on the definition of configurable 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 combinatorial problems. To do so, they exploit a generic model [START_REF] Soininen | Dynamic constraint satisfaction in configuration[END_REF] [34] [START_REF] Sabin | Product configuration frameworks -a survey[END_REF] gathering knowledge about:
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• customers requirements and desires on product definition,

• product components including their compatibility and / or incompatibilities (defining the generic bill-of-material for a product family), • product production or manufacturing process.

Constraint satisfaction problems or CSP are very often used to formalize product configuration problems in both research and industry [START_REF] Astesana | Constraint-based vehicle configuration : a case study (regular paper)[END_REF] [START_REF] Felfernig | Knowledge-based Configuration: From Research to Business Cases[END_REF]. CSP formalize relevant knowledge through variables, each one associated to a definition domain, linked by constraints, limiting the combinations of their permissible values [START_REF] Montanari | Networks of constraints: fundamental properties and application to picture processing[END_REF]. 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 configuration 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:

• problem filtering methods which reason directly on the CSP network and remove inconsistent values. These methods use the constraints 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"). • 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 constraints on their temporal complexity but repels the difficulty in space: the compiled form can have an exponential theoretical spatial 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 configuration 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.

Motivation, Background and Example

In interactive configuration problems, it is the user and not the machine that solves a combinatorial problem of optimizing preferences. Product configuration problems are ones of the typical examples (interactive configuration of a car, of a computer, etc.). By allowing the customers to explore the solution space, the online configuration system 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 [START_REF] Tsang | Foundations of constraints satisfaction[END_REF], [START_REF] Sabin | Configuration as composite constraint satisfaction[END_REF], [START_REF] Mittal | Dynamic constraint satisfaction problems[END_REF] have shown that configuration could be efficiently modeled and aided when considered as a CSP (Constraints Satisfaction Problem). A CSP is 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 [START_REF] Montanari | Networks of constraints: fundamental properties and application to picture processing[END_REF]. The variables can be either discrete or continuous. The constraints can either be of compatibility, when defining the possible or forbidden 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 [START_REF] Mittal | Dynamic constraint satisfaction problems[END_REF] [20] [START_REF] Soininen | Dynamic constraint satisfaction in configuration[END_REF].

The constraint-based modeling makes it possible to easily formalize the generic product family by a set of variables, each one associated 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:

• a great freedom of knowledge modeling: compatibility between components, mathematical formulas for product evaluation, activation of optional components, etc., • 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, • a clear separation between knowledge models and their exploitation (algorithmic processing), • the possibility of combinations with other knowledge based approaches, and more particularly with case-based reasoning or CBR [START_REF] Minsky | A framework for representing knowledge[END_REF] [22] [1] [START_REF] Vareilles | How to take into account general and contextual knowledge for interactive aiding design: Towards the coupling of CSP and CBR approaches[END_REF], data-mining [START_REF] Fayyad | Advances in Knowledge Discovery and Data Mining[END_REF] [21] [2] and ontologies [START_REF] Soininen | Towards a general ontology of configuration[END_REF] [30] [START_REF] Staab | Handbook on Ontologies[END_REF].

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:

• 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, • 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, • estimate the current solution being configured according to several criteria, sometimes antagonistic, such as its cost, performance or delivery time, • 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 removing 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 converges 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 problem described by a network of constrained variables (object of section 3), and those reasoning on a solution space represented as a compiled graph (object of section 4).

We illustrate our proposal on a very simple example of car configuration, coming from [START_REF] Amilhastre | Consistency restoration and explanations in dynamic CSPs-Application to configuration[END_REF] and presented in Fig. 1. This very simple example is composed of:

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

-V (C1) = {body, doors} with {(white, white), (pink, pink), (red, red), (black, black)} as allowed combinations, -V (C2) = {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 (C4) = {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 (C6) = {wheels, body} with {(white, pink), (white, red), (white, black), (pink, red), (pink, black), (red, black)} as allowed combinations.

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 [START_REF] Montanari | Networks of constraints: fundamental properties and application to picture processing[END_REF]. 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 [START_REF] Mackworth | Consistency in networks of relations[END_REF] [11] [START_REF] Bessière | An arc-consistency algorithm optimal in the number of constraint checks[END_REF], arc continuous consistency [START_REF] Faltings | Arc consistency for continuous variables[END_REF], 2B-consistency [START_REF] Lhomme | Consistency techniques for numeric CSP[END_REF] or Boxconsistency [START_REF] Benhamou | Clp(intervals) revisited[END_REF] [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. Therefore, CSP filtering algorithms are limited to local, approximate, but polynomial reasoning. In interactive configuration, the use of problem filtering methods ensures the interactivity with users but does not guarantee the pruning of all values leading to non-solutions.

• Advantages of problem filtering methods:

Reasoning on any type of configuration problem (discrete, continuous or mixed with or optional variables, etc.).

• 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. On such an example, there is no problem of filtering: all the inconsistent values are easily removed as the CSP is discrete and quite simple. But on much more complex configuration problem with discrete and continuous variables, the pruning of all values leading to non-solutions cannot be guaranty [START_REF] Bessière | Computing and restoring global inverse consistency in interactive constraint satisfaction[END_REF].

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 [START_REF] Vempaty | Solving constraint satisfaction problems using finite state automata[END_REF]. This type of method has the advantage of avoiding subsequent backtracks after the compilation of the automaton and solves the filtering quality problem [START_REF] Amilhastre | Consistency restoration and explanations in dynamic csps application to configuration[END_REF].

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 [START_REF] Amilhastre | Consistency restoration and explanations in dynamic csps application to configuration[END_REF]. 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 configuration.

• Advantages of solution filtering methods:

Guarantee of achieving a solution without backtracks. • Limitations of solution filtering methods:

Inability to efficiently compile certain types of problems (especially 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. On such an example, there is no problem of compilation: the automaton is very quickly generated. But on much more complex configuration problem with discrete and continuous variables, it can be very difficult, and sometimes impossible, to build the finite state automaton.

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 [START_REF] Astesana | Constraint-based vehicle configuration : a case study (regular paper)[END_REF] [START_REF] Felfernig | Knowledge-based Configuration: From Research to Business Cases[END_REF].

With respect to constraint-based configuration problems, problem filtering methods [29] [12] have already proved their worth for discrete problems (core of many configuration systems, including those of ILOG, Pros); The problem filtering methods have been recently enriched (global inverse consistency [START_REF] Bessière | Computing and restoring global inverse consistency in interactive constraint satisfaction[END_REF], filtering and alternative values [START_REF] Becker | Maintaining alternative values in constraintbased configuration[END_REF]). Nowadays, the main difficulty is to efficiently integrate continuous variables without discretizing their domain (essentially filtering by bound-consistency [START_REF] Lhomme | Consistency techniques for numeric CSP[END_REF] [9] [START_REF] Faltings | Arc consistency for continuous variables[END_REF]) and secondly, to effectively take into account optional components without adding a specific value in domains [START_REF] Amilhastre | Reprsentation par automate d'ensemble de solutions de problmes de satisfaction de contraintes[END_REF] [43] [START_REF] Mcdonald | A case study of constraint programming for configuration problems[END_REF].

The solution filtering methods [START_REF] Amilhastre | Consistency restoration and explanations in dynamic csps application to configuration[END_REF] have also been extended by taking into account price information, which the problem filtering methods have difficulty to handle [START_REF] Andersen | Interactive cost configuration over decision diagrams[END_REF], by developing particularly efficient data structures [START_REF] Darwiche | Sdd: A new canonical representation of propositional knowledge bases[END_REF], and finally by the definition of methods of learning user's preferences on compiled structures [START_REF] Choi | Tractable learning for structured probability spaces: A case study in learning preference distributions[END_REF]). Some works have extended the solution filtering methods to continuous or mixed CSP [START_REF] Møller | Difference decision diagrams[END_REF] [31] [START_REF] Fargier | Temporal Constraint Satisfaction Problems and Difference Decision Diagrams: A Compilation Map[END_REF], but rather on scheduling problems than on product configuration ones.

The objective of the article is to discuss on the design, development and testing of an interactive configuration algorithm that combines the problem filtering and solution filtering methods. The development 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 propagate users' choices from one automaton to another. This first joint use could avoid the pitfall of the spatial explosion due to optional components. The second working line deals with a proposed data structures more suited to continuous variables than the conventional automatons 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 [START_REF] Sam-Haroud | Constraint consistency techniques for continuous domains[END_REF].

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 configuration 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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