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EXECUTIVE SUMMARY

This document contains deliverable D14 of the IST/NMP project SWOP whose objective is to
develop a semantic web-based open engineering platform.

This is the main output of task T1400 “SWOP Roadmap” of Work Package 1 “Goals, Business
Models, Architecture & Roadmap” whose main objective is to deliver (1) a retrospective view of the
influences and steps (technical, business, standards, etc.) that have been considered in the course
of the SWOP project and, more important, (2) a roadmap presenting a vision for the future of
SWOP, and the different ways to take the SWOP results forward and reach that vision.

Task T1400 has been mainly carried out by CSTB, USTUTT, TNO, and VTT with contributions
from other research, technology and industry partners.

This document starts by presenting the current situation in product engineering, from both an
industrial and technical perspective. It then reminds the objectives of the SWOP project, and
summarizes its key results. Afterwards the SWOP Roadmap is developed, including the
identification of business drivers, and the description of the vision and key research topics to
address to reach this vision. Finally, some examples of possible short-term implementation actions
are given.

This deliverable should be read in tight relationship with the three following deliverables of Work
Package 8:

- D82 (second release, public): Report on Standardisation Activities
- DB83a (confidential): Plan for Using and Disseminating Knowledge

- D83b (confidential): Technology Implementation Plan

SWOP Roadmap.doc Page 3



STRP 016972 SWOP

D14 — SWOP Roadmap

TABLE OF CONTENTS

1 INTRODUCTION 5
2  CONTEXT 6
2.1 INDUSTRIAL CONTEXT 6
2.2 TECHNICAL CONTEXT 6
3 INTRODUCTION TO SWOP 8
3.1 OBJECTIVES AND APPROACH 8
3.2 KEY RESULTS 9
3.2.1 Product Modelling Ontology (PMO) (Reference SWOP partner: TNO) 9
3.2.2 PMO Application Programming Interface (API) (Reference SWOP partner: TNO) 9
3.2.3 PMO tools (Reference SWOP partner: TNO) 9
3.2.4 GA-oriented product model (Reference SWOP partners: CSTB and Paragon) 9
3.25 GA-based Configurators Integrated Development Environment (IDE4GA) (Reference
SWOP partner: CSTB) 10
3.2.6 GA modules (Reference SWOP partner: Paragon) 10
4  SWOP ROADMAP 11
4.1 SCoOPE 11
4.2 BUSINESS DRIVERS 11
4.3 VISION 12
4.3.1 Target state 12
4.3.2 Business Scenario 13
4.4 ROADMAP DESCRIPTION 14
44.1 Introduction 14
4.4.2 Key research topics 15
4.4.3 Interoperability 15
4.4.4 Product structure 17
4.4.5 Product configuration 18
4.4.6 Standardisation 20
4.5 FORESEEN INDUSTRIAL IMPACTS 20
4.6 EXAMPLE OF POSSIBLE IMPLEMENTATION ACTIONS AT SHORT-TERM 22
4.6.1 Initiative group for Open System (10S) 22
4.6.2 Open Source BIM Server 22
4.6.3 Commercial use of PMO: The Haystack Home 23
5 CONCLUSION 24
6 REFERENCES 25
SWOP Roadmap.doc Page 4



STRP 016972 SWOP D14 — SWOP Roadmap

1 INTRODUCTION

The objective of this deliverable is to propose a roadmap to take SWOP results forward and
develop SWOP ideas further after the completion of the project. It expresses a long-term vision at
horizon 2020 relatively to the future of complex product engineering, which is the scope of SWOP,
and presents the key research topics to address to reach this vision.

This deliverable should be differentiated from both D83a which is related to a rather short-term
exploitation of SWOP results by individual partners or as a group, and D83b (Technology
Implementation Plan) which focuses on the concrete plans to exploit SWOP results as well as
technological resources (within or exterior to SWOP consortium) needed to implement those plans.

SWOP research and technology partners are supposed to participate in the future to the research
actions that will contribute, in a concrete manner, to the implementation of the roadmap. In a
sense, this will be part of their exploitation strategy. It is also expected that SWOP industrial
partners, on their side, will take benefit of further research progress made in complex product
engineering through the commercial availability of new software tools to support their business
processes and favour innovation.
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2 CONTEXT

2.1 Industrial context

Trends in industries today show a growing customer demand for reliable, fast and cheap as well as
individual solutions for existing problems, which also lead to higher complexity of products and
services. Nevertheless, optimised engineering and production processes involving multidisciplinary
input, dynamic working environments and multi-stakeholder interests across the life-cycle and
supply chain of products and services still have not been achieved yet. Especially for complex
products, the configuration process is getting more and more important for a successful and
efficient sales process. In addition, it is essential for a company to store its technical know-how
centrally but make it available cross-departmentally ([1] Ulmer 2005).

The product configuration process is a highly collaborative process with much interaction and
negotiation between process stakeholders due to different interests. New solutions to manage
configuration decisions successfully are needed ((2] Mendonca et al. 2007). Among others, an
increase in efficiency is realised by relying on the product knowledge and expertise embedded
within pre-defined solutions used for configuration.

Product configurators nowadays support sales-oriented divisions in the individual technical
feasibility check of particularly complex products and during offer making. The configuration
process starts usually with the selection of a standard product based on basic needs of the
customer. A number of preferred functionalities and specifications are fixed for the desired product,
the characteristics of product variants are defined and a rough assembly BOM is derived from this.
A standard routine to check the feasibility and to secure consistency is performed by the system
after each selection decision. Following these steps, a cost/price calculation is initiated. Afterwards,
the customer checks the fulfiiment of the requirements and the whole configuration process is
iterated until the results are satisfactory.

The customer normally does not have the option to optimise the received results after the
configuration process ends. The customer will start to have serious problems finding the “best”
solution in an adequate time and with a justifiable effort, if there is a multi-objective optimisation
problem, which occurs regularly in really complex products.

2.2  Technical context

From a technical perspective the current situation in complex product modelling & configuration
seems to be open for improvement.

Looking at standards for product modelling and configuration options it is not unusual to still store
all possible configurations of a product in PDF format as flat text and pictures that is only human
interpretable.

Fortunately there are also many companies that go further and store their product information in a
format that can be used by their clients. With proprietary standards from a relatively large
company-A being implemented by several other companies it is possible to exchange product
information between companies. This information includes often predefined product properties, a
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2D and/or 3D drawing, or in some cases even an object based model but in almost all cases fixed
product information.

This means that companies that want to provide clients with valuable product information will be
obliged to setup a database (i.e. catalogue) with all possible configurations that could be ordered.
These catalogues usually do not use open standards for data storage and have all configuration
options spelled out, even though the companies themselves often have a PDF file that writes the
options in tables or even more rule based descriptions in text. It is not unusual to have some kind
of identification code that exactly describes the variables that have freedom with there selected
values for each product.

In these cases it is clear that the knowledge about the variables that drive the configuration is
inside the company (they even put it ‘on paper’), however it was technically not possible to put this
information in the digital catalogues/databases they offer to their clients.

Clients have to read the PDF to select the product they want and can find it by the identification
code they manually define by reading the PDF.

This manual selection also restricts the number of possible configurations that a client could
oversee. The optimization for price for example can only be done within a limited subset due to
timing constraints. When a client selects one window with a certain opening it could have been a
better option to select two other windows of a new type/catalogue instead, it is however impossible
to search through all options and calculate the benefits for a certain situation.

Another problem with the catalogue item is the lack of semantic understanding of the properties
within the application that receives the file. If it is already possible to define own properties within a
certain file format used for the catalogue mostly it is not possible to store the semantic of this
property other than the object it belongs to and the datatype it has. The value is mostly expected to
be interpreted by humans and cannot be used further in the process by other applications.

In case a company has different clients with many different applications using the catalogue
information it is mostly needed to store the same (fixed) catalogue items in different formats. These
different formats are often a source of problems with inconsistency.
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3 INTRODUCTION TO SWOP

3.1  Objectives and approach

SWOP is targeting a breakthrough in manufacturing by offering a new and extensible approach for
ICT support in the engineering of complex products, covering two main aspects: product
development and product configuration (or customisation). There are two main business drivers
behind this innovation: (1) to reduce wasted effort in terms of cost and time in re-designing and re-
specifying products when for the most part the work has been done before, and (2) to configure
solutions from pre-defined partial solutions (‘modules’) rather than design from scratch. When there
are choices, product configurations are optimized in SWOP by applying optimisation techniques
(Genetic Algorithms - GA) so that the resulting product is not just a valid solution but even a near-
optimal solution that can be achieved following design constraints, end-user requirements and
optimisation criteria. Thus, the main expected impact is to transform the engineering process from
a low productivity craft-like repetitive activity into a systemised knowledge-driven business.

The main scientific and technical objective of SWOP, and its primary deliverable, is a Semantic
Web-based Open engineering Platform (SWOP) that greatly improves complex product
development, actual product customisation processes, and especially the intelligent link between
them. This is illustrated in the following conceptual overview of the platform:
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Figure 1 - Overview of the SWOP Open Engineering Pl atform

The SWOP platform relies on a combination of Semantic Web (SW) technologies with Genetic
Algorithms (GA). This combination allows smart manipulation of semantic data for optimised
product configuration.

SWOP enables product developers to specify their products parametrically. The result is a product
ontology that can represent a parametric product, an instance of which can then be customised for
a specific client/buyer to suit his requirements, over the web or with professional help (e.g. a
salesman). Optimised configurations (in terms of e.g. cost, performance, availability, etc.) can be

SWOP Roadmap.doc Page 8



STRP 016972 SWOP D14 — SWOP Roadmap

achieved by applying GA-based optimisation processes. The Genetic Algorithms module integrated
in SWOP provides ways to evaluate candidate solutions and to identify the best ones (that match
client's requirements) by making intelligent use of the semantic/parametric product model
representation and formal performance criteria.

3.2 Keyresults

3.2.1  Product Modelling Ontology (PMO) (Reference SWOP partner: TNO)

One of the main results of SWOP is its semantic approach to Product Modelling. The PMO is in
essence a fully generic, freely reusable 'upper ontology' specified in the Web Ontology Language
(OWL), the most prominent SW technology (OWL 2008). PMO contains in a necessary and
sufficient way all constructs to define any end-user product ontology, modelling all relevant end-
user's product classes, properties and interrelationships (in particular specialization and
decomposition) together with cardinalities, data types, units and default values. Rules add the more
complex product knowledge aspects in the form of assertions that have to be satisfied and
derivations that can be executed.

3.2.2 PMO Application Programming Interface (API) (Reference SWOP partner: TNO)

Besides the file based exchange, the PMO-API offers a direct programmatic interface to PMO-
based product structures and content. This APl can be used to connect own/third party software
tools to PMO. It is especially relevant for software vendors wanting to connect to PMO data more
easily (they don't have to write their own parser anymore).

3.2.3 PMO tools (Reference SWOP partner: TNO)

These software tools enable to create/edit, browse/view PMO-based end-user product ontologies
and configure/optimise particular client products from them. They implement the Semantic Product
Modelling Approach making use of the PMO-API itself.

PMO Editor and PMO Configurator

The PMO Editor is a tool to create ontologies in a much more friendly way then existing OWL tools
can. The choice of having Semantic Web underneath PMO makes use of existing packages
possible; however the PMO Editor makes creating ontologies for this purpose much easier. In
particular, the PMO Editor implements the rules schema defined in the Product Modelling
approach, and provides a handy way to create product design constraints.

The PMO Configurator allows to instantiate and to visualize the ontologies created using the
Product Modelling Ontology built up by SWOP. It creates instance files and also is able to export
the visualization and configuration in existing standards, currently IFC and ifcXML are supported,
and this enables opening configurations in CAD packages.

3.2.4 GA-oriented product model (Reference SWOP partners: CSTB and Paragon)

This GA-oriented product model focuses on all product information required for a GA-based
optimisation process. It relies on the definition of an XML schema for the description of the
optimisation problem related parameters. In SWOP the optimisation problem is limited to
combinatorial optimisation. Thus the relevant problem parameters are the catalogue of available
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components, separated according to their type and the values of the properties which are required
to be fulfiled by each solution. The idea behind this approach is to have a better decoupling
between the GA tools and the modelling ones, allowing future end-users to use other modelling
tools than the ones proposed by SWOP. The GA-oriented product model acts as a neutral format
used by the GA tools for their inputs. Dedicated connectors allow extracting the above mentioned
information from PMO ontologies and producing the required XML files for the GA tools.

3.2.5 GA-based Configurators Integrated Development Environment (IDE4GA)
(Reference SWOP partner: CSTB)

This IDE is intended to integrators of SWOP-based applications in companies. It allows them to
develop GA-based configuration applications by providing a set of Eclipse plugins which can be
integrated in their own development environments. The tools cover the following tasks:

Optimisation problem definition

GA-oriented product modelling (either from scratch or by importing a PMO model)

User requirements definition (either from scratch or by extracting them from a PMO model)
Fitness script edition and debugging

Complete optimisation run, with graphic tools producing information helpful for GA process
tuning

Export of the resulting runtime, which will be invoked from the end-user custom application.

3.2.6 GA modules (Reference SWOP partner: Paragon)

These GA modules constitute an alternative to the previous IDE for developing GA-based
applications. They are separated in the following three sets:

GA main engine (the routines that constitute the actual GA software)

GA internal interfaces (the routines which allow the communication between the GA
routines and other components of SWOP Platform without user interaction, such as PMO
ontologies)

GA user interfaces (the routines which allow the interactive communication between the
GA routines and the user)
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4 SWOP RoADMAP

The SWOP Roadmap introduces to the different ways to take SWOP results forward and develop
SWOP ideas further. It expresses a vision relatively to the future of complex product engineering,
and presents the key research topics to address to reach this vision.

There are two main target groups identified for this roadmap:
Privileged readers of this document: EC (Project Officer, policy makers...), researchers;

Potential beneficiaries: industrials, IT developers, IT providers (CAD, PDM, KBE...)

4.1 Scope

SWOP is essentially about the configuration of complex products from existing man ufactured
parts . In fact, it covers two main features of product engineering: product development and product
configuration.

As such, it covers a large spectrum of engineering activities, but it should be noted that SWOP
does not particularly address engineering design (i.e. creation of new products), that is the more
innovative part of the engineering process. It is thinkable that addressing this part would probably
require to formalize knowledge in different ways and to develop other kinds of supporting tools that
could favour creativity and innovation. The product structure is defined however during the product
design phase and it strongly influences the way a product can be configured. Thus, the new
approach of product configuration foreseen by SWOP implies a retrospective effect on the
approach and methods followed for the product design.

Similarly, SWOP does not address the product manufacturing process itself. If the SWOP roadmap
envisages the deployment of a modular and parametric product design approach in the industry,
the investigation of the conditions upon which it can be achieved from a production perspective is
out of the scope of this roadmap. Nevertheless, single production equipment (such as machines)
can be regarded individually and be selected using the SWOP approach based on the identified
requirements.

Finally, links with CAD, PLM, PDM or KBE systems will be mentioned when necessary.

4.2 Business drivers

A company gains a leading market position if it meets customer requirements in the best and
fastest way ([3] Hillenkremer 2003). The fulfilment of individual customer needs is a very difficult,
iterative, time and cost intensive process. The SWOP approach focuses on configuration instead of
innovation. It supports the customers identifying their own needs and finding their optimal solutions
through inventive optimisation functionality.

Several business expectations are motivating the development of new or improved engineering
processes (product configuration process mainly) and associated supporting ICT tools. These have
been identified together with the industrial end-users involved in the SWOP project and from other
sources and can be summarised as follows:
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Higher value to customer and increased customer satisfaction (through e.g. more flexible,
accurate and quick configuration and quoting systems that can be customised and
optimised according to design constraints, end-user requirements and optimisation criteria)
thus reducing the number of modified configurations by the customer and preventing
rejected configuration by the customer and modification during production.

Reduced product development times and costs (regarding the product specification
process), at two levels: by avoiding re-designing and re-specifying products when for the
most part the work has been done before, and by re-using pre-defined partial solutions
(‘modules’) rather than design from scratch. It decreases on the one hand time to market
and on the other hand the offer making time by reducing the time spent on the
configuration process including time spent on information search for product data thereby
reducing the overall average time for order fulfiiment. It also increases the average profit
margin per sold configuration.

Optimised (internal) resources utilisation (freeing time for more innovative tasks in product
development and reducing required resources for production).

Design of new configurations that can lead to new catalogued products, decreasing
number of variants and improving handling of complexity. Product catalogues are based on
open standards including standardized interfaces which enable customers to do their own
configuration via a web-based approach or to include the products in their own
configurations.

Support and dissemination of knowledge and experience from many disciplines throughout
the organisation leading to efficient and effective management of product knowledge
improving the technical sales process including the necessary technical knowledge for
sales staff which decreases investments in employee training.

4.3 Vision

4.3.1 Target state

The overall vision of the future of SWOP approach is based on the fact that today, whatever the
industrial sector, there are no real methodologies, models or tools available to configure and
customise complex products that meet all the requirements of the customer. By complex products,
we mean products that can form several hundreds or even thousands of different combinations
from more elementary components, some parts of these products possibly being themselves the
result of configuration sub-processes. The current solution is to work with well-known and proven
configurations, and select those that seem best suited to the customer’s requirements.

Another current inhibitor to more flexible configurations is the lack of interoperability between
product catalogues. Assembling different parts together, coming from different manufacturers, in a
global product model generally requires conversions between different proprietary formats.
Moreover, the existing product models do not embed all the necessary associated knowledge on
e.g. the design and assembly constraints.
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Our vision is to move from this current state to a widely-spread demand-based product
configuration and optimisation that provides maxima | value to customer (including time,
cost, performance...), by relying on appropriate stan dard methodologies, models and ICT
tools.

4.3.2 Business Scenario

There is limited support in many industrial sectors today for on-demand configuration, optimisation,
and selection of need-driven product/service solutions supported through open standards. In most
instances, products are manually selected from a list of available alternatives with limited
capabilities for customisation per client need.

In the future, it is envisioned that through projects such as SWOP (and its further development),
products and their different (optimised) configurations will be shareable through open standards.
Furthermore, based on the specific needs of a particular client, products from different vendors
may be combined and optimised to deliver customized solutions.

A client in the future, rather than necessarily going to a particular product provider, could approach
a solution provider with specific requirements for a particular product solution/service that is made
up of several product/service parts. The solution provider would take these requirements and
identify and configure different product/service parts, probably in a globally distributed context.
Relying on products being shared through open standards, the solution provider will be able to first
select and then through rule-based product assembly, combine and then optimise the desired
product solution for the client.

Using the SWOP approach in the future, the customer’s involvement can thus be increased in the
configuration process and he can better influence the results. He can focus more on requirements
than on technical specifications because supporting ICT tools are no longer guided by the selection
of different components but by the requirements to choose from. Therefore, no step by step
configuration is necessary — the customer defines his requirements and can configure the whole
solution at once, including the parameters to optimise. Also, the optimisation is processed fully
automatically — no inefficient approach with time consuming and error-prone iterations anymore ([4]
Eckstein and Josefiak 2008).

As a further example of a potential business scenario, the following cases from the SWOP project
are presented:

BLUM Case: Julius Blum GmbH is an international company that specialises in the
production and distribution of functional furniture fittings like hinge systems, drawer runners
and pull-out systems. Blum’s production is based on linear assembly machines consisting
of linear modules, each of which is conducting just a single step in the assembly process.
The design and configuration of linear assembly machines and modules are done to a
large extent internally at BLUM. Therefore improving the efficiency of these processes is of
paramount importance for BLUM. In a SWOP-supported future scenario, such
configuration will be automatically achieved in an optimal way by gathering and exploiting
all knowledge currently managed by BLUM engineers, and the process will be seamlessly
integrated in the BLUM PDM environment.

ZUBLIN Case: Ed. Ziblin AG ranks among the largest German civil engineering
contractors. Tunnelling for railway lines or roads is one of its key activities, which is based
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4.4

441

on the expertise of its tunnel engineers and miners. In that field, several products or
processes have to be designed and configured (e.g. separation plants). It is envisioned by
ZUBLIN that such configuration processes, which are performed manually today, will be
automated and optimised as far as possible by relying on regularly updated knowledge
bases.

SATURN Case: Saturn Engineering is a full service engineering design, product
development and contract manufacturing company. It specialises in electronic design,
mechanical design, embedded systems and firmware as well as software development.
Examples of products are: induction cap sealing machines, digital binoculars, folding
machines and medical equipments. Today the time and effort for configuring and
customising the products are not optimal and prone to mistakes. In a future scenario,
optimal solutions that cover or are close to particular customer requirements will be
automatically found, which will reduce the development time and lead times for SATURN
line of custom solutions, and reduce the human error in defining and developing them.

TRIMEK Case: TRIMEK is a metrology and inspection engineering firm that designs and
manufactures high-precision measuring machines. TRIMEK’s concerns include
improvements in design and manufacturing costs, reduction of specification errors, and
overall quality of products and services. An envisioned scenario it to allow making fast and
optimal product configurations and elaborate budgets for the required products, defining
their whole composition and specifications. This will allow optimising features like costs,
usability, reusability, performance, reliability and accuracy, and reducing the time needed
to make a quotation.

Roadmap description

Introduction

The SWOP Roadmap defines the path from the situation today to the desired vision motivated and
sustained by business needs. These business drivers have been introduced in a previous section.
To reach the vision, several key research topics have been indentified, and each of them has been

broken down in a set of short, medium and long term actions in terms of time-to-industry. The
typical timescale for the delivery of research results to the industry can be defined as follows:

Current state: what is available and in use in the industry today
Short term (< 2 years): what is near ready for take-up and use by industry
Medium term (< 5 years): what is currently being developed

Long term (< 10 years): what is currently being researched or explored (emerging
technologies)

The visual representation of the Roadmap is illustrated in the figure below. It should be clearly
noted that a roadmap is a snapshot at a given moment in time. It is supposed to evolve and be
revisited along the time.
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Figure 2 — Visual representation of the Roadmap

4.4.2 Key research topics

The identified key research topics and actions are illustrated below. Each of them will be described
in the following sub-sections relatively to the situation today (CS), and the expected evolution at
short (ST), medium (MT) and long term (LT).
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Figure 3 — SWOP Roadmap

4.4.3 Interoperability

Key concepts

It is frequently observed that products are modelled in accordance with proprietary standards. This
essentially implies that relevant product data is not accessible by others. While in some
organisations there is some openness (proprietary open standards), this requires strict compliance
with and access to only limited features/data of a given product or service. To ensure full
interoperability and furthermore ease of access there is a need to ensure that products are
modelled and shared through recognised open standards. Inter-organisational product assembly
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and optimisation to deliver demand-based products will only be truly possible through reliance on
product definitions (models) using open standards.

Current State (Products modelled using proprietary standards): Most product manufacturers model
their products based on proprietary standards. Little (if at all any) data access by others is possible.
Most data access by others is through simple text files (e.g. pdf). At best data is only accessible
through adhoc applications. These adhoc applications do not work any longer when an
organisation or vendor (e.g. CAD/PDM provider) change their proprietary standard.

Short Term (Products modelled using proprietary open standards): As a first step, it is expected
that some organisations/vendors will allow some degree of access to product/service data through
an API (Application Programming Interface). Even in such instances, access would be limited to
only subsets of data that the organisation/vendor allows access to. Access in such cases would
primarily be through interfaces supporting data translation from one application to the next.

Medium Term (Products shared by interoperable standards): As organisations understand the need
to share data across organisations and software applications, it is expected that product data will
be accessible through established international standards. This will support product model sharing
across heterogeneous systems. Data access would technically be possible using any application
supporting the interoperable standard. The limitation in this case is that some organisations may
need (in some cases) to pay a fee to allow them to implement access to data based on a given
standard (even if it is international).

Long Term (Products shared by open standards): It is expected that in the long term, products will
be modelled using neutral formats that are public and freely accessible. In short, they will allow
different organisations to share data, combine data, and access it through any application.

Potential Scenario: A client will have the capability to compare products from different product
manufacturers, select the appropriate ones (could be from different providers), assemble and
configure them, and then create an optimised product solution.

Potential Business Impact: The main foreseen business impact is access to product information in
any format, at any time, from any product manufacturer, and through any software application. This
has the potential to create a new market for solution providers that help clients define, select,
assemble, configure, and optimise product solutions made of product parts from different
manufacturers.

Main Enablers and Barriers: The main enablers can be identified as regulatory authorities that
demand product definition/modelling using open standards. In addition to regulatory authorities,
demands by large industrial alliances could play a pivotal role in ensuring product manufacturers
and software vendors allow proper interoperability (seamless product data sharing). At the same
time, some resistance from product manufacturers and software vendors may be expected. Many
would like to tie-in clients to their offered solutions and not offer proper means for open sharing /
interoperability. Furthermore, transforming product models from proprietary formats (even if they
are open) to open standards may be time consuming. It should also be noted that most standards
are based on the lowest denominator of sharing, and it may be that certain organisation specific
data is lost upon conversion to these standards.

SWOP Contribution: The main SWOP contribution has been through the PMO (Product Modelling
Ontology), a neutral format to support product definition and configuration. Efforts are underway to
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adopt some of the SWOP concepts and technical achievements within relevant standards (see
following section 4.4.6 as well as public deliverable D82 - Report on Standardisation).

4.4.4 Product structure

Key concepts: A product structure is the result of splitting up a product into components that
interrelate to each other. The set of components including the interrelations form the structure of
the product. Note that in many cases in practice the product is not split into components that have
interrelations, but people started with a set of components and added interrelations which resulted
in something they defined as a product.

There are different levels of complexity in product models.

The most basic form of a product structure is the one where components can be defined and
certain type of relations can be defined between components. Probably the most basic relation that
can be defined is specialization, a Car being a specialized version of a Vehicle is a product
structure for Car. Another often found relation is decomposition, a Bottle of Water can be
decomposed as existing from a Bottle and an amount of Fluid, in this case Water (being
specialized component of Fluid).

The situation becomes already more complex when components are allowed to have parameters.
The type of interrelation can say something about the existence of parameters. If it is defined that
each Vehicle has a length, it will mean that each specialized version of Vehicle, for example Car,
also has a length.

An even more complex product structure can be defined when rules are definable. There are two
types of rules that could be defined within a product structure:

Assertion Rules: these are rules that should be valid in any case; for example a Car has to
be smaller then 10 meters (Car.length < 10 meters).

Derivation Rules: these are rules that have to be executed at instantiation of the product,
for example the length of the Car is the length of the Chassis + the thickness of the
Bumper.

Current State (Fixed Product structure): In most cases when a product is described in a product
structure this is a given product structure by the application or proprietary standard. In this case it
mostly also contains a limited set of variables. Even though the benefits of having a product
structure are there everything is fixed to the possibilities of the application and fits only perfectly in
very rare cases or very specific software.

Short Term (Fixed Product structure with freedom in variables): As a first step, it is expected that
some organisations/vendors will allow users to add variables to the different components in the
product structure. This will already be a complex step because as described above some type of
interrelations are of influence on the variables. Such a development will make the use of more
abstract predefined (in the application or standard) product structures possible and with that the
amount of possible products that would fit the predefined structures much larger.

Medium Term (Free Product structure with variables): The expectation is that more freedom in

defining product structures will be asked from end users: a system where users are able to create
their own product structures including interrelations and variables in an environment where these
structures can be shared among other users all over the world. Some limited assertion rules will be
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expected to be available at this time also, rules like cardinality restrictions on decomposed products
(e.g. a Car always has exactly 4 wheels) and assertion rules on domains of properties (a length of
a Car is always between 2 and 10 meters).

Long Term (Free Product structure with rules): It is expected that in the long term, end users will be
able to freely define product structures including complex assertion and derivation rules. It is
expected that the product structure could make reuse of other product structures including rules
and external applications and functionality could be integrated perfectly. In case of integrating 3D
shape this would automatically result in parametric shape for example.

Potential Scenario: A client is able to reuse a well known more abstract product structure of its
newly defined product together with parts of previous work. He is able to extend the used product
structures to its own knowledge for his specific product and the inherited rules already give him a
large set of the behaviour of the product including feedback on some overseen issues that his new
product has. The knowledge from products stored in product structures with rules can really grow
and help reusing existing knowledge in new never tested products before any physical version or
virtual drawing is created by hand.

Potential Business Impact: The main foreseen business impact is reuse of product knowledge in a
by the computer understandable way. This has the potential to create new products with the
knowledge of already existing products without needing all persons involved in creating these
existing products.

Main Enablers and Barriers: The main enablers are the current speed of computers and
connectivity via the internet with high band width. The stored knowledge will ask much more
processing power from the PC to understand and calculate through the rules within the product
models. Also the high bandwidth will enable fast processing even when model parts are stored all
over the world; this makes decentralized storage of product structure practically useful and the
users can then gain from the benefits of such a setup.

SWOP contribution: The main SWOP contribution has been through the PMO (Product Modelling
Ontology), a neutral format to support product definition and configuration. This format makes it
possible to see the benefits of being able to freely define product structures and add rules to it.
Product structures can be reused and combined. Knowledge added to one product structure is still
available when it is linked into a new product structure.

4.4.5 Product configuration

Key concepts: Product configuration still remains a matter of engineers or experts who have the
required (and often implicit) knowledge, e.g. on assembly rules. Configuration tools that are
currently available to clients/customers (or even salesmen) generally show restricted functionality,
with limited capabilities for customisation of available product alternatives. To enable
clients/customers to find the best solutions regarding their problems, with appropriate configuration
software tools, all necessary knowledge on products should be explicitty modelled and
product/service configuration should be supported by optimisation techniques based on product
performance assessment.

Current State (Manual Product Selection): Most often products are configured by manually

selecting components from existing catalogues that present a list of available alternatives with
limited capabilities for customisation per client needs. This process is based on a modular
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approach (i.e. the product is composed of several parts), but not a parametric one (product parts
properties are fixed). E.g. Selection of tyres with alloy wheels for a car.

Short Term (Manual Product Configuration): In a first step, it will be possible to select and configure
both product components and their parameters to meet user requirements. Choices will be made
by matching some component parameters with specific requirements that are considered as
constraints for the problem to solve (e.g. selection of walls with 10 cm of glass wool heat insulation
for a building; selection of two disk memory of 160 Gbytes for a computer). Configurators are
available through the Web where customers can directly configure products with no human
assistance, but possibilities of choices are still limited.

Medium Term (Optimisation Supported Configuration): Configuration is supported by the
optimisation of product and product components parameters based on user needs mainly
expressed through technical requirements (e.g. a building consuming less than 50 kWh/mzlyear).

Optimisation will need the availability of methods to calculate and assess the global performance of
the product (relatively to price, weight, annual energy consumption...). It will consist in
minimizing/maximizing some product criteria. In some cases, criteria can have opposite effects
(e.g. choosing lighter components can increase the price) in case of multi-criteria optimisation,
leading to a set of optimised solutions (not only one). In such a case, it will be up to the end-user to
choose his configuration from the possible solutions by privileging one or several criteria.

For very complex products, when the configuration of the whole product can’t be achieved in a
single process because of the number of parts and combinations, it should be necessary to divide
the configuration process into a set of more elementary sub-configurations (of parts). Appropriate
methods and tools will then support such sub-configurations of products, and allow distributed
configuration amongst several sites and partners who are responsible for specific parts of the
product.

Long Term (Self-optimised Product Solutions): In this long-term vision, products are configured and
customised as a combination of different plug & play product/service modules. The configuration
process is supported by optimisation techniques that suggest the optimal combinations providing
the greatest global value to the client by taking care of required product performances or services
to be delivered (e.g. number of patients to undergo surgery annually in a hospital / number of pupils
that must have lunch at a school refectory everyday). As the product/service components will be
modular in nature, re-configuration (i.e. disassembly then re-assembly) will be facilitated so as to
address the changing product/service needs of the client during the lifecycle of the solution
(product/service).

Potential Scenario: In a configuration tool, a client/customer specifies his requirements for a
product he wants to design and configure, by using global value criteria based on product
performances, delivered services, costs, delivery times, etc., and the tool shows him and values all
the possible best solutions. This scenario is based on the assumption that customers define
requirements for a product easier than describing product features ([5] Stormer 2007).

Potential Business Impact: The main foreseen business impacts are reduced product-design times
and costs (by re-using pre-defined partial solutions under the form of modules, rather than
designing from scratch), and increased customer satisfaction (thanks to more flexible, accurate,
quick and optimised configuration and quoting systems). This has also the potential to create a new
market for software solution providers around enhanced configurators and their interfacing with
corporate systems (CAD, PDM/PLM, ERP, etc.).
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Main Enablers and Barriers: Product manufacturers or product/service providers should regard the
development of enhanced configuration tools as a significant factor to increase their
competitiveness and market shares. On the other hand, there could be some difficulties to access
the required knowledge on product modules, especially if those modules come from different
manufacturers with conflicting marketing strategies.

SWOP _contribution: SWOP has provided different configuration tools, some of them supporting
product optimisation (regarding total price, total mass, etc) by using a semantic modelling of
products (PMO — Product Modelling Ontology).

4.4.6 Standardisation

Although SWOP had many links with standardization initiatives (ISO 10303 ‘STEP’ [6], IAl IFC [7],
and OMG [8] to mention some) the one where we not only used from but also essentially delivered
to is the World Wide Web Consortium (W3C). Together with the S-TEN project [9] we started a so-
called Incubator Group (XG) on Product Modelling (called “wW3pm”) [10].

This XG is working initially on a good reusable semantic modelling pattern for the important issues
of "quantities, units and scales". After that the group sees a clear roadmap of other product
modelling issues ahead to be resolved. In the short term, the modelling patterns that are targeted
will include: product decomposition and topological relationships (objects bounding and/or including
other objects). In the longer term, the group will work on explicit shape representation (geometry),
handling of features, product knowledge rules in the form of assertions and derivations, variant
classes involving fixed values, defaults values/instances, change and version management and the
modelling and matching of end-user product requirements.

The XG approach is to integrate existing standards work such as ISO 10303 within a Description
Logic framework as exemplified by OWL 2 [11]. OWL 2 is the paradigm of an expressive
conceptual modelling language with a formal semantics which is designed to be decidable and so
have tractable reasoning algorithms. OWL has much of the expressiveness needed for product
modelling, but extensions to OWL 2 may be required [12], however any extensions must be
considered carefully to avoid compromising the traceableness of OWL reasoning.

SWOP will input PMO for the mentioned modelling patterns and the other way round will reuse
consolidated constructs in next versions of PMO. A key first example will be the replacement of our
rather simple unit annotation property for a more solid, flexible and mature ‘quantity-scale-unit’
approach from W3pm.

4.5 Foreseen industrial impacts

There are several industrial impacts expected to gain competitive advantages and process
improvements which are confirmed by industrial end-users of the SWOP project. It is a major
advantage for companies to increase their competitiveness by utilising streamlined and cost
effective business processes, such as for product development, product configuration and sales.
The product development time will be reduced and the resource utilisation optimised. Released
engineering department resources will be able to concentrate on new product development instead
of evaluating and testing existing applications. Design work can be distributed more flexibly and the
bottleneck at the design resources will become less critical. Hence, the processing time of the
module design will be shortened.
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Communication within the companies and to external partners and customers are improved. Using
the SWOP Platform, the customer can benefit from a faster and more flexible configuration process
delivering an individually guided or even automatic way to an optimal solution reducing lead time
on the preparation of quotations by the sales department. Searching for a result that fits the
customer’s requirements best is important to guarantee the essential customer satisfaction at the
end of the configuration process. Easily customisable products and services with modular design
are necessary to fulfil a wide variety of requirements. Most of the times, the solution, which needs
to be provided to the customer can be obtained by combining modules already used in other
configurations or which are available from suppliers via web-based catalogues leading to precise
budgets for the required products. Containing all existing knowledge on the modules, this
knowledge can be transferred more rapidly to new employees, such as novel sales workers or
inexperienced designers.

The following lines illustrate the potential impact expected from SWOP industrial end-users.

BLUM: SWOP will simplify and shorten the design process of single function units and
whole modules. Therefore, the design work will be distributed more flexibly and the
bottleneck at the design resources will become less critical. It will be possible to rapidly
generate several design versions, thus leading to quality improvement of the design.
SWOP modules being integrated in BLUM CAD system, the time consuming work of
searching geometries will be eliminated. Therefore, time and costs for the design process
will be saved again.

ZUBLIN: in the short run, the most important benefits of an automation-supported
configuration process are the reduction of response times and errors, leading to significant
competitive advantages. In the long term, the reusability of data and the storage of existing
knowledge will have a major impact to the acceptance of the system. Indeed, a high
degree of acceptance by the users is the basic precondition for successful application and
further development.

SATURN: by utilising the SWOP platform, SATURN expects to gain several competitive
advantages and process improvements. The company will increase its competitiveness by
utilising a streamlined and cost effective sales cycle, product development and product
configuration process. Customer satisfaction will be increased, product development time
will be reduced and the resource utilisation optimised. SATURN will also optimise the cost
of product customisation (better forecasting and inventory management). SWOP will also
give SATURN a sales-oriented advantage: a number of add-ons and optional features will
be easily promoted and configured.

TRIMEK: thanks to SWOP, there will be a major reduction on time for developing and
estimating solutions to specific measuring problems. The change will influence the
production line and other departments: development of new combinations of parts that can
lead to new standardised machines, reduction of lead time for the preparation of
quotations, knowledge will be transferred more rapidly to new sales workers, customer
satisfaction will be increased.
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4.6  Example of possible implementation actions at s hort-term

4.6.1 Initiative group for Open System (10S)

In the Netherlands an ‘Initiative group for Open Systems’ (I0S) has been set up by a group of SME
Construction ICT vendors (among which De Twee Snoeken, Arkey, vMV CAD, Kubus, Brink, Vabi
Bink Software, Van Meijel and Nordined) that cover about 80% of market share. Their goal is to
very pragmatically define bilateral exchange interfaces for their applications types involved. TNO is
also a member of 10S and proposed to use PMO to semantically define those interfaces and their
mapping to IFC.

To make it easier for them to define PMO-based ontologies we developed a MS Excel front-end
(see Figure 4) where they can specify the backbone of their ontologies in the simplest way.
Advanced constraint and rules can be further specified using the SWOP PMO Editor (or any other
commercial OWL Ontology Editor).

w. Excel Controller

File Name | C:\E wcel2PMO-Converter_2008-07-22vexcelM 0 S-Ontology-Rasklak. xls

Export to |C:\E eel2PMD-Convertar_2008-07-22%awlh

Encel Shests Found Rows
MOT SELECTED A | Sheet!
SELECTED lengte [float)
SELECTED breedte [float)
SELECTED Sheet2
SELECTED kuiplengte [float)
SELECTED kuipbreedte [float]
SELECTED arientation [ztring)

M anual klzur [integer)
MOT SELECTED Sheet3

Sheet] prijz [float)
SELECTED ralcode (integer]
path: http: /v ios. orgdraakelak/ Sheetd
ontology class: Badkamer b prijz [float)

Faound Itemz

Sheet

Figure 4 — Convertor that takes Excel and generates  PMO

One of their requirements was the need for user-defined relationship support (i.e. object properties
in OWL terminology). This feature was recently added to PMO and now also supported by our
PMO tools. Especially for IOS we made sure that the generated IFC2x3 code contained all the
back links to ontology fragments (for IFC proxies and property sets; the latter including the
mentioned user defined relationships where values are replaced by sets of instances).

Finally we made for them a complete export on class-level to the alternative 1ISO 12006-3 standard
which is used in some IFD-related object library projects in IAL.

4.6.2 Open Source BIM Server

At TNO we see a market demand for a simple, free, open source BIM Server implementation
entirely based on open standards. That is way we decided to transform our IFC tools into a server
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platform (essentially by adding multi-user support and web services (SOAP)-binding Standard
Data Access Interface (SDAI) access to our STEP Physical File (SPF)-based repository in the first
place). Users will be able to upload and download their IFC files and to see their files via the pre-
delivered client-side IFC Viewer. We defined several development stages for this server including
basic authorisation & versioning, GIS exports like Open Scene Graph (OSG) & Google
SketchUp/Earth’s Collada) and a semantic front-end being PMO (including IFC-generation, PMO
API access etc.). The first development stages already got investment budget from TNO internally
but more importantly also about 10 commercial sponsors from outside.

4.6.3 Commercial use of PMO: The Haystack Home

Among the several commercial usages of SWOP results we have the Haystack Home (NL:
‘Hooibergwoning’). This is the result of the first finished commercial project based on PMO
developments. The homes contain highly parameterized configuration options, where most options
like the total height of the houses have strong influence on the dimensions of the separate floors.
The fixed place and size of the staircase influences the relative sizes of the separate rooms at each
floor depending on the total width/height. The standard PMO Configurator is used to visualize the
results and can be used to visualize and configure the separate floors as well as the complete
house (see Figure 5). This reduced the effort in this commercial project dramatically to come to the
requested dynamic 3D viewer. All the knowledge could be put in data and is stored and updated by
the customer with an everyday FTP program and the freely available SWOP tools.

Figure 5 — Haystack Home Configurator, powered by P MO
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5 CONCLUSION

The SWOP Roadmap presents a vision relatively to the future of complex product engineering, and
identifies three key research topics to be addressed to reach this vision: product structure, product
configuration and product sharing (interoperability). In essence it suggests R&D topics to
investigate for the follow-up of the SWOP project.

A work complementary to this roadmap would consist in defining concrete RTD projects to
research, develop, test, and demonstrate the topics identified in the roadmap. The results from
these RTD projects would then act as baselines for industrial implementation in the form of take-up
and use of existing and new knowledge and solutions. These in turn would contribute to the
achievement of the existing vision, and furthermore the definition of a new vision. The following
picture illustrates such an innovation loop (extracted from the Strat-CON project [13]).

Industrial Vision

implementation Anticipated impacts of
Take up of existing and new using new knowledge
knowledge / technologies in the industry
in the industr

RTD projects RTD topics
to develop, test and demonstrate " Required new knowledge and
new knowledge and technologies in order to
technologies reach the vision

Figure 6 — Closing the Innovation Loop: From Vision to Industrial Implementation
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