‘Semantic Web’–based Product Modelling: Ontologies and Configurators

Michel BÖHMS1, Peter BONSMA1, Marc BOURDEAU2, Eric PASCUAL2, Graham STORER2, Javier A. GARCÍA SEDANO3
1Netherlands Organisation for Applied Scientific Research (TNO), van Mourik Broekmanweg 6, PO Box 49, NL-2600 AA, Delft, The Netherlands

Tel: +31 15 2763107, Fax: +31 15 2763024, Email: michel.bohms@tno.nl
2Centre Scientifique et Technique du Bâtiment (CSTB), 290, Route des Lucioles, B.P. 209, 06904 Sophia Antipolis cedex, France

Tel: +33 4 93956704, Fax: +33 4 93956733, Email: marc.bourdeau@cstb.fr
3Semantic Systems S.A. (SEMANTIC), Edificio Arteaga, Avenida del Txoriherri, 9-2, 48160 Derio (Vizcaya), Spain

Tel: +34 94 4545550, Fax: +34 94 4545551, Email: jse@semantic-systems.com
Abstract: This paper shows how the European SWOP project [1] uses Semantic Web technology [2] like Ontology Web Language (OWL) recommended by the World Wide Web Consortium (W3C) to model products in the design phase. It introduces a generic, reusable ontology for product modelling enabling product decomposition, specification of units for properties and handling of default values. A special topic addressed is the bridge between semantic and non-semantic information in the form of documents, drawings or even visualisations, linked to or even better, derived from, the semantic information. The end result is a “Semantic Web-based Open engineering Platform” (hence ‘SWOP’) supporting the engineering and configuration activities in design as a proof-of-concept for the industrial companies involved.
1. Objectives
1.1 – Context: the European SWOP project
Products in all sectors are becoming more complex to produce which is not the same as saying that products themselves are becoming more complex (though many are, of course) because materials and manufacturing techniques (e.g. injection moulding) allow complex shaped parts/pieces to be made as single items when in the past they would have been assemblies of elemental parts fixed together. Nor is it the same as saying that the manufacturing process is more complex (automation has perhaps made manufacturing technology more complex but also enabled mass production). What is more complex and the subject of SWOP is the process of production – from (novel) product concept, design and production planning, right through to satisfying downstream individual customer needs. 

Let us be more explicit about where much of the new complexity lies - it is at the downstream customer demand end of the production spectrum. Customers needs are simple. They want a product that satisfies their requirements; at the cheapest possible price; proven; with choice; and available as soon as possible because it is a part of “their” production process (in terms of SWOP industrial partners products and services, a door hinge for someone’s range of kitchen units; a tunnel section for a new ring road; a measurement device for part of a product QA process; a cap sealing machine for containers of a customer’s liquid products . . . .).  
Simply starting product development from scratch is not often an option (though in large scale industries like building and civil engineering or aerospace it may be). Increasingly, to satisfy demand in shortened timescales, the approach comes down to one word – configuration - using known, pre-existing components to configure (not to elementally design) a new, tailored-to-client product. So, in “virtual warehouse boxes” are stored many pre-existing components to assemble from. Some are from quite different families (serving different purposes) but others are from the same family although in different sizes and proportions (just like screws exist!). Of course, different components need to be matched (different sizes won’t fit or might not provide the required performance when working together). Thus there are constraints to be satisfied.  – implicit and explicit. Configuring the product means choosing optimally from the vast array of possible components. That is complex for human beings to do and historically has been a source of over or under engineering, making products more costly or not fit for purpose.

SWOP aims to take the “virtual warehouse” of parts, treating those in the same family as parametric (not just parametric in size but in wider performance characteristics). This means that the characteristics of the target products (as expressed by client requirement) and their candidate components will be semantically modelled (the first SWOP base technology) and able to be manipulated on a SWOP “virtual workbench” seeking optimal configurations that give best fit to client performance requirements and factors like cost of production (of course). Optimisation traditionally relied on experiential know-how with “trial and error” judgments which left considerable uncertainty as to how optimal configured solutions really were. This is where the second SWOP base technology comes into play – Genetic Algorithms (GAs) that put “trial and error” onto a more technological basis. The GA technology provides a potential mechanism for navigating towards values for the defining parameters of each of the multiple components that make up the target product.


Therefore, in the SWOP project, we develop a new and extensible approach for an ICT-supported production of complex products that consist of an optimised assembly of partially (parametric) pre-defined solutions. By relying on the product knowledge and expertise embedded within these pre-defined solutions, the configuration process can be faster, more flexible and more secure. In addition, appropriate mechanisms are investigated to find optimised solutions that best fit customer’s requirements.

1.2 – Scope: Product Configuration

We distinguish four relevant configurations domains (figure 1):

1. the context or ‘client situation’ of the product to be configured (in case of an industrial tool typically including his product and his environment (country, voltage etc.)),

2. the client’s or sales view on the product (the black box view). From the producer’s perspective this is his ‘front-office’,

3. the white box view of the product, including all design details on materialisation,

4. a process-oriented view on the product on how to manufacture it.


Typically a product configurator is developed for one or more domains. In an ideal scenario all domains are addressed in an interrelated way. However for simplicity it seems wise to start in one specific domain and extend it in a controlled way to other domains.


In SWOP we distinguish between two main layers in the ‘design’ phase:

· Product Configuration, and

· Product Engineering.
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Figure 1: Relevant configuration/ontology modelling  domains


In the Product Engineering phase a reference product is designed making use of existing parts typically provided externally. This parametric product description embodies all possibilities and impossibilities with respect to the client product. This description is referred to as the product ontology and is used as a reference in the actual design for a specific client. 


The ‘balance’ between engineering and configuration effort is different for each specific business. The standardization level for the physical connections is an important factor here as is the degree of mutual dependency between choices. In case of a desktop computer there exist many agreed physical interfaces (like Serial ATA, USB, and Bluetooth, etc.). The needed engineering for such a computer as a whole is minimal and even an informed end-user could configure and assemble his own. However, even in this highly standardized world it is often smarter to configure a reference product from a supplier (like Dell) that does the right pre-selection of parts and constraint checking for combination of parts for you. At the other extreme, the product complexity might be that high and client-specific that a reference product will never be relevant and all effort goes towards basic engineering.


Typically the truth for a particular company is somewhere in between following some rule like 80% via configuration of reference products and 20% via client-specific engineering; to be interpreted as: 20% of the amount of orders need client-specific development; not 20% of each order needs client-specific development. In the latter situation it might however still be relevant to have partial reference products (and associated partial configurators) for the standard parts of the product. 


The SWOP platform can be interpreted as a workbench of related tools for the engineering level. In an ideal world this platform would be a kind of ‘Configurator’ Configurator: you input the choices and constraints for a product and its (often externally supplied) parts and a specific web application is automatically generated to be used by a client over the web to configure his product.

2. State-of-the-Art

When discussing state-of-the-art in product modelling we start with a framework with four orthogonal dimensional:
· ICT Architecture versus ICT Infrastructure

· The level of Generality

· The level of Smartness

· The level of Openness

Architecture versus Infrastructure

In the architecture we position end-user software functionalities related with end-user oriented data and data structures. Here we find schemas, ontologies, models, etc. In infrastructure we find the technologies for expressing these data and data structures like formats for files and data modelling languages for the structures.

Generality

Generic product modelling does not distinguish a certain type of product (related to a specific industry sector) where on the other hand we see a lot of sector-bound solutions.

Smartness

Beyond paper, we can still distinguish between three levels of semantics for our digital resources: semantic object models, representation of these objects in the form of documents and drawings and nice but even dumber visualisations.

Openness

Here we distinguish between totally closed solutions (you cannot get to the data at all), proprietary solutions (dependent on a specific platform or ICT vendor or even user) and open, typically international standards.


Having this framework in mind we see a lot of generic or sector-specific approaches for both the architectural and the infrastructural level. Some prime examples:

· IAI IFC (International Alliance for Interoperability-Industry Foundation Classes) [3]: a construction sector-bound, fully open architectural (CAD-oriented) representation schema implemented in generic, open ISO STEP technologies (EXPRESS and SPFF).

· ISO STEP (Standard for the Exchange of Product model data) [3] Part 42, a more generic variant for the same representation information in the same technology as IFC.

· W3C (World Wide Web Consortium) Semantic Web technology [2], an open, generic and fully web-based approach for the infrastructure side providing an Ontology Web Language (OWL) for the ontologies and a syntax form RDF-XML (Resource Description Framework-eXtensible Mark-up Language) for the ontological content.

· “Plain XML”, the same as the semantic web, but now less powerful and more syntax-oriented.


In general we see a shift towards a more infrastructural approach. Traditional approaches try to fix the specification regardless of its infrastructure. Modern approaches seem more evolutionary and highlight the right infrastructure and let all specifications blossom. In SWOP we decided to go fully generic, semantic, open and web-based by selecting the Semantic Web as the primary underlying ICT infrastructure concept.

3. SWOP Product Modelling Approach

3.1 – Concepts

SWOP product configurators involve the modelling of product-oriented classes interrelated via specialisation and decomposition, each class having relevant properties according to some data type.


Part of this view is satisfied by the OWL language of the Semantic Web directly, part of it is extended as a generic, reusable “Product Modelling Ontology (PMO)” [5]. 


In figure 2 an overview is given of the base SWOP product modelling concepts.
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Figure 2: SWOP Product modelling concepts

Classes

The classes represent all generic product-related concepts on any specialization or decomposition level that are of relevance to a stakeholder in any configuration domain. They represent sets of occurrences (their ‘extensions’), things in reality you can (or could if they don’t exist yet) point at. Such a class can have non-valued properties (be ‘generic’) or be fully specified. Examples are: “Door”, “Machine”, “Probe”, “Drawer” etc. 

Properties

Property is another ‘first-class’ concept (on the same level as ‘class’) we want use to describe our product classes. We distinguish between data type (or ‘simple’) properties and object properties (or ‘relations’). The first ones having a value according to an underlying data type the second ones referring to other class individuals of the same or another class.

Specialization & Decomposition

One of the most basic abstraction mechanisms relating concepts a.k.a. classes is specialization. It allows us to interrelate generic and specific classes where the specific one is a more specialized subclass of the generic one. The second, fully orthogonal, main abstraction mechanism is decomposition.
3.2 – A small example: A Trimek Machine
Here you see an example of applying the modelling concepts (figure 2) to the industrial use case of the Measuring Machines of Trimek.
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Figure 3: SWOP Product modelling concepts applied to Trimek

3.3 – Semantic Web technology

Any modelling approach basically decides on two main languages: one for the information structure and one for the data or content according to this structure. Together this combination forms the formalisation for both the data and the associated data structure to be communicated. There are many approaches around with different levels of power, ease of use, critical mass, stability etc. Without going in detail we mention three main current approaches that are used in current modelling initiatives:

· ISO STEP

(SPFF & EXPRESS)

· Plain XML 
(XML & DTD / XSD)

· Semantic Web
(RDF-XML & OWL)


Since the early days of product modelling, people are using STEP technologies from the ISO 10303 STEP (Standard for the Exchange of Product model data) standard. The so-called schemas are expressed in the EXPRESS language, the actual data according to these schemas in STEP Physical File Format (SPFF), or alternatively hold in a database that can be accessed via a late-binding STEP Data Access Interface (SDAI).


Gradually this approach was/is replaced by more web-oriented languages like in the form a “plain XML” where data structures are modelling in DTD’s (Data Type Definitions) or the way more powerful XSD’s (XML Schema Definitions and the associated content in plain XML (eXtensible Mark-up Language). A smarter or more ‘semantic’ version of plain XML that adds modelling power and more transparency towards the syntax forms used, is the Semantic Web approach using Ontology Web Language (OWL) for the structures and RDF-XML (XML specialisation by the Resource Description Framework) for the data, although both, OWL and RDF, could be used to express structures and data.


For SWOP our primary choice is for the Semantic Web as a generic, powerful and well-supported modelling approach. Both RDF-XML and OWL are stable international open standards that are backed by a large community of end-users and software tool vendors (including open source software).


Since OWL is a general modelling language, we will specify in SWOP how we will use it when applying it to the modelling of products. We will not change in any way the technologies themselves but only develop a generic reusable semantic product modelling ontology that can be imported and used in the end-user product ontologies (for houses, machine tools, processes etc.). Together with the right modelling guidelines, this generic ontology forms the concrete approach for the product modelling according to SWOP.
4. Industrial Applications

The SWOP product modelling approach has already been proved to work in simple situations. In figure 4 a ‘Digital Dormer’ configurator based on a specific ontology is depicted as example (a dormer is a type of window assembly). Based on the semantic data, an IFC-based representation is automatically derived.
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Figure 4: The  SWOP modelling approach applied


In SWOP we will apply the approach above to more complex product situations at the following industrial end-user sites:

· Trimek:
3D Measuring Machines in Spain


By applying SWOP the idea is to be able to reduce the effort in offering by a factor of 5. Alternative offerings can be quickly generated including their consequences on cost, time, flexibility etc.

· Saturn: 
Induction Cap Sealing Machines in Bulgaria

Reduce the pre-proposal time used for communication between sales, management, engineering department and customer by giving the set of optimal solutions that cover or are closed to the customer requirements at start up.
· Blum: 
Furniture Machines in Austria


With the SWOP approach Blum wants to drastically reduce the time to design the machine modules necessary to manufacture their kitchen furniture parts. In the ideal case when the new client product is ready, the machine to produce it is ready.
· Züblin: 
Tunnelling Machines in Germany


The idea is that SWOP can help to optimize the tunnelling process. Any improvement in tunnelling speed enormously cuts tunnelling costs.
5. Conclusions & Further Research

The product modelling approach of SWOP is a very powerful one. The combined specialisation and decomposition of product (parts) provides a universal backbone for more advanced modelling of all kinds of quantitative and qualitative constraints. The Semantic Web technology is very flexible, generic, open and fully- web-based making it the ideal ICT infrastructure for developing configurator functionalities and various associated analysis functionalities for assessing the consequences of configuration choices.


At the time of writing we are extending the approach with a standard way of handling integrity and/or derivation rules (numerical and logical). Furthermore we will attach the semantic data to optimisation (GA) functionality to support the configuration process.


Finally, SWOP is primarily concerned with essential, smart, semantic content (and its structure). Still there is a requirement for a lot of use cases to have visual feedback of configuration choices and configuration results involving the derivation or linking in of (more or less structured) explicit shape geometry information. Therefore, further research is foreseen especially in the area of automatic derivation of non-semantic explicit shape information to be handled by today’s mainstream CAD system vendors.
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