Germain Saval 
  
CONFETOOLS: A tool to generate an interactive configuration interface and runtime

Keywords: interactive configuration, textual variability language, interface generation

Configuration is the process by which a user customizes a product to suit her requirements. A list of features and attributes is usually presented to her in an interactive interface. The user's choices are eventually checked against the constraints of the product line under configuration. CONFETOOLS is a tool suite that enables a product line engineer to specify, implement, test and deploy an interactive configuration interface with live constraint checking. The product line is specified using the Textual Variability Language. This specification is translated into a low level satisfiability problem that is checked by a specialized solver. The specification, in conjunction with two auxiliary languages for view and style definition, is used to automatically generate an interactive configurator as a web application, using model-to-text transformations. CONFETOOLS is currently under development for an industrial case that will serve as an illustration.

Introduction

Configuration can be defined as the composition of reusable components, according to compatibility requirements, to obtain a complex product. Configuration enables the mass customization of products to satisfy the requirements of more diverse and demanding customers. It does not only apply to software product lines, but also to services and physical objects of all sorts. For example, a client that navigates a car manufacturer web site can choose the car equipments she desires. Some components are together incompatible, others require a second component to work. If the client chooses an automatic transmission, the manual transmission becomes unavailable. Respectively, the door remote command requires an electric latch.

There are essentially two ways to develop a configurator: by ad-hoc development or by buying an off-the-shelf proprietary software. These software have poor performance, offer low assurance of correctness, are less maintainable, less portable, less customizable, and costly [ABB 13]. Whithout specific expertise in configurator development, the user interface logic, the business logic and the data become scattered in the code. CONFETOOLS aims to meet the increasing demands for advanced configuration software by relieving the product line engineer of the burden of manual code production. It offers huge economies of scale for the design and implementation of interactive configurators [BOU 12].

Scenario

To illustrate the use of CONFETOOLS, we will implement a configurator for an electrical distribution board. A distribution board is an enclosure that contains electrical circuits and protection equipments (i.e., circuit breakers) supplying electricity inside a building. During our collaboration with an electrical equipement distribution company, our goal was to develop a board configurator for electricians. The configurator must ensure that a particular board configuration respects the regulations for electrical safety as well as the best practices in residential homes.

A board (Circuit) is made of several connection trays (Peigne) that distribute electricity to several protection equipments. These equipements connect one or several circuits together. These circuits exit the distribution board and connect several wall sockets, lighting fixtures or specialized equipments in the home. For example, the norm NF C 15-100 [UTE 02] requires that a minimum of two separate circuits must be present in the home if its surface is more than 35 square meters. Another example is that an oven with a power of more than 2250W must be protected by a circuit breaker rated for 16A. The electrician will use the configurator to select the different equipments needed to wire the home of her client. The configurator should be able to automatically check the correctness of the distribution board configuration. During a configuration, the configurator should also assist the electrician by propagating her previous choices and showing only the compatible choices that remain to be done. Finally, the configurator should explain why a particular choice is not possible, either by giving the violated rule or by suggesting changes to enable that choice.

Implementation with CONFETOOLS

The CONFETOOLS suite is a workbench where the engineer can specify the product line using the Textual Variability Language (TVL) [BOU 10]. With TVL, she can express the constraints between the product line components, their hierarchical composition relation as well as their attributes. The main constructs of TVL are illustrated in Listing 1. The detailed syntax and semantics of TVL is available in [CLA 11].

A TVL model describes the options as features. A feature can contain attributes. For example, on line 4, surface is an attribute of the feature Logement. Features can also contain a group of subfeatures. The group itself is constrained by the relation allof, oneof, someof or any arbitrary cardinality. Features can be instantiated several times. This possibility is specified by a feature cardinality such as on line 7. Finally, features can contain constraints, expressed in terms of features or their attributes. For example, on line 5, the surface of the feature Logement constrains the number of subfeatures Circuit. 

Listing 1. TVL model of an electrical distribution board (excerpt)

}}}}}}}}}}}}

Using an auxiliary language called TVDL, the engineer can specify views on the TVL model. Views are a named list of features and attributes, with or without their subtree. These views will be presented to the end-user as tabs in the graphical user interface. A third auiliary language called FCSS is used to specify the actual presentation of the TVL model elements in the interface. It is used to define user-friendly labels and which widget (such as radio buttons or drop-down lists) will be used to display each feature group and attribute. The edition of the TVL model and its auxiliary specifications is performed inside a custom editor represented in Figure 1. When the model has been edited by the product line engineer, the configurator generation is fully automatic. The TVL model is translated into an HTML5 web application. Transformation rules have been defined with respect to the TVL metamodel and generate the HTML text in two passes. The first pass will translate each TVL construct into its graphical representation and unfold every cardinalities. The second pass cleans up the resulting text and simplifies the HTML structure to reduce its size.

The generated web front-end connects to an application server that drives the configuration process. This client-server architecture enables to perform constraint checking and choice propagation efficiently in the back-end, and is more efficient than currently available client-side technologies. The model is translated into a satisfiability problem and fed to a specialized solver. This solver is interrogated after each choice expressed by the end-user. This architecture supports live configuration and propagation. The reponse time for a user action is in the order of 100ms for most workloads. The web application is represented in Figure 2. 

Conclusion

CONFETOOLS is a complete tool suite for designing, implementing, testing and deploying a configurator. The expressiveness of the TVL language is sufficient to cover most industrial case studies we have worked on so far. The automatic generation of the interface enables quick and easy model validation by expert users and other stakeholders. We have observed that the analysis and development time has been dramatically reduced by our approach. The performance is reasonably good, but we are currently working with our industrial partner on improving the reliability and dependability of CONFETOOLS for its deployment in a production environment.
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