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IFIP — The International Federation for Information Processing

IFIP was founded in 1960 under the auspices of UNESCO, following the First World
Computer Congress held in Paris the previous year. An umbrella organization for
societies working in information processing, IFIP's aim is two-fold: to support
information processing within its member countries and to encourage technology transfer
to developing nations. As its mission statement clearly states,

IFIP's mission is to be the leading, truly international, apolitical
organization which encourages and assists in the development,
exploitation and application of information technology for the benefit
of all people.

IFIP is a non-profitmaking organization, run almost solely by 2500 volunteers. It operates
through a number of technical committees, which organize events and publications.
IFIP's events range from an international congress to local seminars, but the most
important are:

* The IFIP World Computer Congress, held every second year;
* Open conferences;
» Working conferences.

The flagship event is the IFIP World Computer Congress, at which both invited and
contributed papers are presented. Contributed papers are rigorously refereed and the
rejection rate is high.

As with the Congress, participation in the open conferences is open to all and papers may
be invited or submitted. Again, submitted papers are stringently refereed.

The working conferences are structured differently. They are usually run by a working
group and attendance is small and by invitation only. Their purpose is to create an
atmosphere conducive to innovation and development. Refereeing is less rigorous and
papers are subjected to extensive group discussion.

Publications arising from IFIP events vary. The papers presented at the IFIP World
Computer Congress and at open conferences are published as conference proceedings,
while the results of the working conferences are often published as collections of selected
and edited papers.

Any national society whose primary activity is in information may apply to become a full
member of IFIP, although full membership is restricted to one society per country. Full
members are entitled to vote at the annual General Assembly, National societies
preferring a less committed involvement may apply for associate or corresponding
membership. Associate members enjoy the same benefits as full members, but without
voting rights. Corresponding members are not represented in IFIP bodies. Affiliated
membership is open to non-national societies, and individual and honorary membership
schemes are also offered.
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IFIP 2008 World Computer Congress
(WCC’08)

Message from the Chairs

Every two years, the International Federation for Information Processing hosts a
major event which showcases the scientific endeavours of its over one hundred
Technical Committees and Working Groups. 2008 sees the 20th World Computer
Congress (WCC 2008) take place for the first time in Italy, in Milan from 7-10
September 2008, at the MIC - Milano Convention Centre. The Congress is hosted
by the Italian Computer Society, AICA, under the chairmanship of Giulio Occhini.

The Congress runs as a federation of co-located conferences offered by the
different IFIP bodies, under the chairmanship of the scientific chair, Judith Bishop.
For this Congress, we have a larger than usual number of thirteen conferences,
ranging from Theoretical Computer Science, to Open Source Systems, to
Entertainment Computing. Some of these are established conferences that run
each year and some represent new, breaking areas of computing. Each conference
had a call for papers, an International Programme Committee of experts and a
thorough peer reviewed process. The Congress received 661 papers for the
thirteen conferences, and selected 375 from those representing an acceptance rate
of 56% (averaged over all conferences).

An innovative feature of WCC 2008 is the setting aside of two hours each day for
cross-sessions relating to the integration of business and research, featuring the use
of IT in Italian industry, sport, fashion and so on. This part is organized by Ivo De
Lotto. The Congress will be opened by representatives from government bodies
and Societies associated with IT in Italy.

This volume is one of fourteen volumes associated with the scientific conferences
and the industry sessions. Each covers a specific topic and separately or together
they form a valuable record of the state of computing research in the world in
2008. Each volume was prepared for publication in the Springer IFIP Series by
the conference’s volume editors. The overall Chair for all the volumes published
for the Congress is John Impagliazzo.

For full details on the Congress, refer to the webpage http://www.wcc2008.org.

Judith Bishop, South Africa, Co-Chair, International Program Committee
Ivo De Lotto, Italy, Co-Chair, International Program Committee

Giulio Occhini, Italy, Chair, Organizing Committee

John Impagliazzo, United States, Publications Chair
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TC12 Al Artificial Intelligence 2008

TC10 BICC Biologically Inspired Cooperative Computing
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IFIP

e is the leading multinational, apolitical organization in Information and

Communications Technologies and Sciences

is recognized by United Nations and other world bodies

represents IT Societies from 56 countries or regions, covering all 5 continents
with a total membership of over half a million

links more than 3500 scientists from Academia and Industry, organized in more
than 101 Working Groups reporting to 13 Technical Committees

sponsors 100 conferences yearly providing unparalleled coverage from
theoretical informatics to the relationship between informatics and society
including hardware and software technologies, and networked information
systems

Details of the IFIP Technical Committees and Working Groups
can be found on the website at http://www.ifip.org.
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Preface

Computer-Aided Innovation (CAI) is emerging as a strategic domain of research
and application to support enterprises throughout the overall innovation process.

The 5.4 Working Group of IFIP aims at defining the scientific foundation of
Computer Aided Innovation systems and at identifying state of the art and trends
of CAI tools and methods.

These Proceedings derive from the second Topical Session on Computer-
Aided Innovation organized within the 20th World Computer Congress of IFIP.
The goal of the Topical Session is to provide a survey of existing technologies
and research activities in the field and to identify opportunities of integration of
CAI with other PLM systems.

According to the heterogeneous needs of innovation-related activities, the
papers published in this volume are characterized by multidisciplinary contents
and complementary perspectives and scopes.

Such a richness of topics and disciplines will certainly contribute to the
promotion of fruitful new collaborations and synergies within the IFIP community.

Gaetano Cascini

Florence, April 30™ 2008
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The future of Computer Aided Innovation

N. Leon Rovira

Tecnologico de Monterrey, CIDYT-CIII
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Col. Tecnologico, Monterrey, NL, CP. 64839, Mexico
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Summary

The technological evolution is also the history of the human being in an eternal
fight to dominate his surroundings as part of his own evolution. With the
technological evolution humans unfolded the capacity of producing useful objects
for satisfying their needs. Nowadays the transition from resource-based products
to knowledge-based products is compelling the New Product Development
process to be more innovative and efficient, making innovation processes even
more challenging.

The development of a new category of tools known as CAI (Computer Aided
Innovation) is an emergent domain in the array of CAx technologies. CAI has
been growing in the last decade as a response to a higher industry demand
regarding reliability of new products not only regarding engineering and design
solutions but also concerning success rate of new products, processes and services
being launched into the market.

Scientists, engineers, academics and managers all over the world are joining in
an effort for clarifying the essential factors characterizing these new arising tools
for bridging the gap between the traditional methods and current trends in search
of efficient innovation. The goal of these emerging CAI tools is to assist
innovators, inventors, designers, process developers and managers in their creative
stage, expecting changes in paradigms through the use of this new category of
software tools. Although some initial ideas and concepts of CAI focused on
assisting product designers in their creative stage, a more comprehensive vision
conceives CAI systems beginning at the creative stage of perceiving business
opportunities and customer demands, then continue assisting in developing
inventions and, further on, providing help up to the point of turning inventions
into successful innovations in the market.

CAI therefore stands out as being a break from the usual trends that is
challenging the previous standards, with the aim to support enterprises throughout
the complete innovation process.

As Product Life Cycle Management tools are being integrated with knowledge
management methods and tools, new alternatives arise regarding the Engineering
and Manager Desktop. It is expected that changes in innovation paradigms will
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occur through the use of Computer Aided Innovation methods and tools, which
structure is partially inspired by modern Innovation Theories as TRIZ, QFD,
Axiomatic Design, Synectics, General Theory of Innovation, Mind Mapping,
Brain Storming, Lateral Thinking, Technology Maps and Kansei Engineering,
among others.

Additionally the use of evolutionary algorithms, especially genetic algorithms
and neural networks together with modern modeling and simulation techniques are
creating the foundation for enhanced virtual reality environments, which allow
reducing the risk of failure in new product development. On the other side the
expanded use of new information technologies and methods, such as semantic
web, data mining, text mining and theory of chaos have augmented the capability
of predicting the future in many fields. Especially the use of these tools for
weather predicting techniques has been the basis for reducing the likelihood of
false predictions.

This paper starts from the state of the art of Computer Aided Innovation tools
and methods for projecting the next steps of these emerging techniques. The latest
trends are presented and analyzed and conclusions are derived regarding the future
of these emergent tools. Following directions are being researched:

- CAI and Market: the role of computer aided innovation tools.

- CAI and New Product Development:

o Supporting the innovation activity with computer tools and
methods.

o Supporting the Engineer’s Desktop focusing on end-to-end product
creation process with methods and tools to ensure the feasibility and
success of innovations in all stages of the new product development
process

- CAI and innovation methodologies

- CAI and patents analysis

- CAI and prototype testing

- Organizational, technological and cognitive aspects of the application of

CAI methods and tools
- Evaluation of the effectiveness and efficiency of CAI methods and tools
* Theoretical foundations of CAI
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Optimization with Genetic Algorithms and
Splines as a way for Computer Aided
Innovation

Follow up of an example with crankshafts

Albert Albers', Noel Leon Rovira’, Humberto Aguay03, and Thomas Maier*

! Director of IPEK, Institute of Product Development, Universitit Karlsruhe (TH),
Germany, Email: albers@ipek.uni-karlsruhe.de
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Abstract: This paper describes the conceptual foundations to construct a method
on Computer Aided Innovation for product development. It begins with a brief re-
cap of the different methodologies and disciplines that build its bases. Evolution-
ary Design is presented and explained how the first activities in Genetic Algo-
rithms (GAs) helped to produce computer shapes that resembled a creative
behavior. A description of optimization processes based on Genetic Algorithms is
presented, and some of the genetic operators are explained as a background of the
creative operators that are intended to be developed. A summary of some Design
Optimization Systems is also explained and its use of splined profiles to optimize
mechanical structures. The approach to multi-objective optimization with Genetic
Algorithms is analyzed from the point of view of Pareto diagrams. It is discussed
how the transition from a multi-objective optimization conflict to a solution with
the aim of an ideal result can be developed means the help of TRIZ (Theory of In-
ventive Problem Solving), complementing the discipline of Evolutionary Design.
Similarities between Genetic Algorithms and TRIZ regarding ideality and evolu-
tion are identified and presented. Finally, a brief presentation of a case study about
the design of engine crankshafts is used to explain the concepts and methods de-
ployed. The authors have been working on strategies to optimize the balance of a
crankshaft using CAD and CAE software, splines, Genetic Algorithms, and tools
for its integration [1] [2].

Keywords: Genetic Algorithms, Splines, imbalance, TRIZ
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1. Introduction

Computer Aided Innovation builds its bases on software tools used for a large
number of applications: from modeling activities and optimization tasks, to per-
formance’s simulation of a product. But the addition of new tools is intended to
extend the support to the creative part of the design process. This support allows
the designer to improve the performance of their concepts, allowing computers to
take part on the generation of variants, and on the judgment, by simulation, of
these variants. Genetic Algorithms, CAD/CAE, Splines and TRIZ are all software
tools that can nurture the knowledge of designers to generate new solutions, based
on many separate ideas, suggesting entirely new design concepts. Methods for
structural and topological optimization, based on evolutionary design, are used to
obtain optimal geometric solutions. They are evolving to configurations that mi-
nimize the cost of trial and error and perform far beyond the abilities of the most
skilled designer. Next is presented a brief description of the methods and tools that
lead to our strategy of Computer Aided Innovation.

1.1. Evolutionary Design

A relatively new area of development called Evolutionary Design [3] is being ob-
ject of intensive research. Peter Bentley describes that Evolutionary Design has its
roots in computer science, design and evolutionary biology. It is a branch of evo-
lutionary computation that extends and combines CAD and analysis software, and
borrows ideas from natural evolution. Evolutionary Computation to optimize ex-
isting designs (i.e. perform detailed design or parametric design) was the first type
of evolutionary design to be tackled. A huge variety of different engineering de-
signs have been successfully optimized, using these methods. Although the exact
approach used by developers of such systems varies, typically practitioners of evo-
lutionary optimization usually begin the process with an existing design, and pa-
rametrize those parts of the design they feel need improvement. Different brands
of Evolutionary Design derive: Evolutionary Optimization, Creative Evolutionary
Design and Conceptual Evolutionary Design. Evolutionary Optimization places
great emphasis upon finding a solution as close to the global optimal as possible
perhaps more than any other type of evolutionary design. Creative Evolutionary
Design is concerned with the preliminary stages of the design process. But gener-
ating creative designs could only be possible by going beyond the bounds of a rep-
resentation, and by finding a novel solution which simply could not have been de-
fined by that representation. In Conceptual Evolutionary Design, the relationships
and arrangements of high-level design concepts are evolved in an attempt to gen-
erate novel preliminary designs. Generative (or conceptual) Evolutionary Designs
using computers to generate the form of designs rather than a collection of prede-
fined high-level concepts has the advantage of giving greater freedom to the com-
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puter. Typically such systems are free to evolve any form capable of being repre-
sented, and the evolution of such forms may well result in the emergence of im-
plicit design concepts. Genetic Algorithms, an evolutionary computational tool, is
selected to be integrated as part of our strategy.

1.2. Genetic Algorithms

Genetic Algorithms are global optimization techniques that avoid many of the
shortcomings exhibited by local search techniques on difficult search spaces [4]. A
GA is an iterative procedure which maintains a constant-size population P(t) of
candidate solutions. During each iteration step, called a generation, the structures
in the current population are evaluated, and, on the basis of those evaluations, a
new population of candidate solutions is formed. The initial population P(O) can
be chosen heuristically or at random. The structures of the population P(t + 1) are
chosen from P(t) by a randomized selection procedure that ensures that the ex-
pected number of times a structure is chosen is approximately proportional to that
structure’s performance relative to the rest of the population. In order to search
other points in the search space, some variation is introduced into the new popula-
tion by means of idealized genetic recombination operators. The most important
recombination operator is called crossover. Under the crossover operator, two
structures in the new population exchange portions of their internal representation.
The power of GA’s derives largely from their ability to exploit efficiently this vast
amount of accumulating knowledge by means of relatively simple selection
mechanisms. Termination of the GA may be triggered by finding an acceptable
approximate solution, by fixing the total number of structure evaluations, or some
other application dependent criterion. In addition, a number of experimental stud-
ies show that GA’s exhibit impressive efficiency in practice. While classical gradi-
ent search techniques are more efficient for problems which satisfy tight con-
straints, GA’s consistently outperform both gradient techniques and various forms
of random search on more difficult (and more common) problems, such as optimi-
zations involving discontinuous, noisy, high-dimensional, and multimodal objec-
tive functions.

The class of GA’s is distinguished from other optimization techniques by the
use of concepts from population genetics to guide the search. However, like other
classes of algorithms, GA’s differ from one another with respect to several pa-
rameters and strategies:

1) Population Size (N): The population size affects both the ultimate perform-
ance and the efficiency of GA’s. GA’s generally do poorly with very small popula-
tions, because the population provides an insufficient sample size for most repre-
sentations.

2) Crossover Rate (C): The crossover rate controls the frequency with which
the crossover operator is applied. In each new population, C * N structures un-
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dergo crossover. The higher the crossover rate, the more quickly new structures
are introduced into the population.

3) Mutation Rate (M): Mutation is a secondary search operator which increases
the variability of the population. After selection, each bit position of each structure
in the new population undergoes a random change with a probability equal to the
mutation rate M.

4) Generation Gap (G): The generation gap controls the percentage of the
population to be replaced during each generation. That is N * (G) structures of P(t)
are chosen (at random) to survive intact in P(t + 1).

5) Scaling Window (W): When maximizing a numerical function f(x) with a
GA, it is common to define the performance value u(x) of a structure x as u(x) =
f(x) - fmin, where fmin is the minimum value that f(x) can assume in the given
search space.

6) Selection Strategy (S): A good strategy assures that the structure with the
best performance always survives intact into the next generation. In the absence of
such a strategy, it is possible for the best structure to disappear, due to sampling
error, crossover, or mutation. The optimization systems of our interest are de-
scribed in the next section.

1.3. Design Optimization Systems

The evolution of Product Development tools has been characterized by different
trends; the analysis of these trends offers useful hints for the prediction of next
generation systems. In mechanical design, optimization tasks are used for struc-
tural optimization, which deals with the development of mechanical structures.
For example, when minimizing the weight of the wing of an airplane or optimiz-
ing the shape of a crankshalft, restrictions have to be included to guarantee the sta-
bility of the structure (ex. stresses or natural frequencies). The objectives of struc-
tural optimization are: minimizing stress or weight; maximizing lifespan, stiffness
or first natural frequency. Any of those under different constrains as: maximum
deflection, maximum stress, target weight (volume), target stiffness (displace-
ment) and durability. The choice of design variables ranges from geometrical pa-
rameters, control points of spline functions, position of nodes, shell thickness,
beam cross-section, angle of fibers from compound materials, etc. As design vari-
able restrictions we can have: upper and lower limit of the design variables (fixa-
tions, limitations), discrete and continuous. Also symmetrical conditions and con-
straints for manufacturing conditions (drilling, casting or forging) are possible.
Particularly, two kinds of structural optimization are frequently used: Topology
Optimization and Shape Optimization.

Topology Optimization consists on determining an optimal material distribu-
tion of a mechanical product. A basic FE model is created and analyzed in a de-
sign area with given boundary conditions. The aims are commonly to maximize
stiffness or maximize the natural frequency of a product. The constraints of the
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design are: the fixations, material volume and maximum displacement allowed.
The design variables are the material density of the elements, which are counted
commonly in hundreds of thousands; this means a huge amount of design vari-
ables. The goal is, given a predefined design domain in the 2D/3D space with
structural boundary conditions and load definitions, to distribute a given mass,
which is a given percentage of the initial mass in the domain such that a global
measure takes a minimum (maximum) value.

Shape Optimization consists of changing the external borders of a mechanical
component. The aims are: minimizing the stress or the volume or maximizing the
natural frequency. Constrains to the design are: fixations, restrictions for dis-
placement of component borders. The design variables of the product are, for
geometric models: length, angle and radii measurements; for FE model: node co-
ordinates.

Each optimization method uses a strategy to obtain the optimum of the objec-
tive function. The choice of the optimization method and the strategy depends
mainly on the properties and number of the variables, the objective functions and
constrains and how these are used in the optimization. Specific criteria for optimi-
zation problems are: the number of variables (often a huge number of them); char-
acteristics of the objective function (continuous, discontinuous, linear/quadratic/
arbitrary, etc.); characteristics of restrictions (none, several, etc). Moreover,
the external conditions for choosing an optimization method rely on the required
accuracy (improvement or exact optimum); efficiency of the algorithm; computing
time and memory space; user friendliness and complexity of the problem formula-
tion.

In order to further develop the optimization systems it is required to add new
concepts into the previous paradigms. A new kind of parameterization is inferred
by taking the characteristics of last optimization methods. In order to obtain a sim-
ilar behavior within a CAD model, the geometry of the product is described in
terms of Splines. The “splining” approach extends these features, allowing the in-
troduction of innovative concepts.

1.4. Design optimization of splines shapes

A great variety of different engineering designs have been successfully optimized
using Evolutionary Design, i.e. antennas and aircraft geometries. Although the
methods used by developers of such systems varies, one of these types of evolu-
tionary design that has potential to be classified as generative or creative is the
splined shape approach [5]. The splining of the shapes and its control points, codi-
fied to be interpreted by Genetic Algorithms, are the basis for an evolutionary de-
signed shape. Practitioners of evolutionary optimization using splines usually start
the process with an existing design, and then parameterize the control points of the
splines that embody those parts of the design they feel need improvement. More-
over, the concept can be extended to reach the whole structure of the product and
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even the functional structure. The control points are encoded as genes, the alleles
(values) from which parameters are described, are evolved by an evolutionary
search algorithm, i.e. Genetic Algorithms. Three main genetic operators act on the
“genes” of the geometry, as known: selection, crossover and mutation. Crossover
allows the geometrical characteristics of selected splines (compared from a fitness
function) be merged in pairs and extend its properties to next generations. The de-
signs are often judged by making an interface of the system to simulation or
analysis software, which is used to obtain a fitness measure for each design.

2. Evolutionary Design transition to Computer Aided Innovation

In the previous section a brief explanation of the methods and tools that conducted
our research work to the development of our framework on Computer Aided In-
novation was presented. Starting from the Evolutionary Design approach, and par-
ticularly on Genetic Algorithms, the concept of splining applied to the structural
optimization of products was explained. The last element to be considered is the
analysis of conflicts during optimization that prevent a design to reach the Ideal
Solution

2.1. Multi-objective Optimization and conflicts in product
development

Genetic Algorithms, are well suited to searching intractably large, poorly under-
stood problem spaces, but have mostly been used to optimize a single objective.
They all describe a scalar value to be maximized or minimized. But a careful look
at many, if not most, of the real-world GA applications reveals that the objective
functions are really multi-attribute. Many optimization problems have multiple ob-
jectives. Historically, multiple objectives have been combined ad hoc to form a
scalar objective function, usually through a linear combination (weighted sum) of
the multiple attributes, or by turning objectives into constraints. Typically, the
GA user finds some ad-hoc function of the multiple attributes to yield a scalar fit-
ness function. Often-seen tools for combining multiple attributes are constraints,
with associated thresholds and penalty functions, and weights for linear combina-
tions of attribute values. A few studies have tried a different approach to multi-
criteria optimization with GAS: using the GAs to find all possible trade-offs
among the multiple, conflicting objectives. Some authors propose to perform a set
of mono-objective optimization tasks to reveal conflicts [6]. These solutions
(trade-offs) are non-dominated, in that there are no other solutions superior in all
attributes. In attribute space, the set of non-dominated solutions lie on a surface
known as the Pareto optimal frontier. The goal of a Pareto is to find and maintain
a representative sampling of solutions on the Pareto front. Hence, the term “opti-
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mize” is referred to find a solution, which would give the values of all the objec-
tive functions an “acceptable trade off” to the designer [7]. Moreover, computer
geneticists have faced the concept of the ideal [8]. They named it the ideal point.
The Pareto diagram (used mainly in multi-objective optimization processes)
shows a boundary that divides the region of feasible solutions from the point
where the ideal solution lies. When there is a set of optimal solutions lying on a
line that prevent the functions to reach the “ideal” at the same time, because of
constraints in the solution space, it becomes an unrealistic goal to reach the ideal
point.

fy(x) 4

DireCtion gf'solution

Alternatjive ideal \

Ideal point Pareto front

fH(x*) f-------- K ___________________

»
»

fi(x*) fi(x)

Figure 1. Pareto diagram and the concept of ideal

According to traditional TRIZ theory, the reach of an Ideal Final Result is en-
couraged and TRIZ presents tools for identifying technical and physical contradic-
tions underlying in a technological system. TRIZ general solutions (i.e. inventive/
separation principles, Standard Solutions, etc.) are proposed to overcome the
conflict and let the product evolve, according to the “laws of technical evolution”
[9]. It is a natural convergence direction to merge Evolutionary Design (based on
laws of biological evolution) with TRIZ (based on laws of technical evolution) in-
side a computer framework aimed to Computer Aided Innovation.

GAs can extend its paradigm of multi-objective optimization by taking advan-
tage of the inventive principles, letting the operators be not only the basic “muta-
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tion” and “crossover” but new operators or “agents” capable to modify the way
the algorithms perform on the CAD geometry [10]. In this way, CAD systems
could develop new configurations and alternative modifications to the geometry,
in order to reach the ideal point or the “Ideal Final Result”. The solution can
reach a level of detail that derives in the possibility that the designer be inspired
by these suggestions, selects the most suitable solution and implements it. In other
words the designer could be presented a set of alternative modifications, defined
automatically on the base of the selected principles that may be applied based on
the concept of “Cataclysm Mutations” [11]. Cataclysmic mutations with similar
pattern are now being studied in Evolutionary Algorithms as tools for finding in-
novations [12][13]. From the TRIZ inventive principles, those that have a geomet-
ric interpretation can be added to form the extended cataclysmic operators. See
table 1.

Table 1. Genetic interpretation of TRIZ inventive principles

TRIZ principles Genetic Interpretation

Segmentation, combination Divide two genotypes and combine al-
ternate parts (Crossover, simple)

Asymmetry Break symmetrical genotypes (Cross-
over, simple)

Merging Join genotypes (Crossover, simple)

Nesting Place part of a genotype inside another
(Crossover, nesting)

Another dimension Create genotypes from different pa-
rameters (Crossover, nesting)

Homogeneity Turn a genotype homogeneous (Cross-
over, nesting)

Discarding and recovering Break and rebuild genotypes (Cross-
over, nesting)

Inversion Turn around a genotype (Inversion, ge-
netic)

Extraction Extract a gen in a genotype (Mutation)

Feedback Return fittest genotypes (Selection)

Copying Take a copy of fittest genotypes (Selec-
tion)

The level of impact from the different operators can vary from a slow and
steady accumulation of changes (the way an optimization algorithm normally per-
forms), to a sudden disturbance in the nature of the system (or cataclysm). The
most important effect is creating a jump in the phase transition. More suggestions
can be enriched by means of guidelines, provided by the inventive principles that
can be associated to the genetic operators. As result, the algorithm should be ca-
pable of applying the agents according to the conflict that is being faced.
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2.2. Follow up of crankshaft example

In an attempt to exemplify the concepts deployed, the development of an engine
crankshaft is conducted by making automatic changes in the geometry of its coun-
terweights. In order to make geometry modifications to our case study, the geome-
try of the counterweights was transformed from simple lines and arcs to spline
curves. Splines allow smooth shape changes via the coordinates of its control
points. That smooth shapes benefit the material fluency during the manufacturing
process. The variation of these control points results in a balance response of the
crankshaft. The x and y coordinates of the control points can be parametrically
manipulated by the Genetic Algorithm. Figure 2 shows how the splines substitute
the original profile of the crankshaft. It is possible to see how close the spline is to
the original profile.

! £
Counterweight 1

Counterweight 8

1
Counterweight 2 Counterweight 9

Figure 2. Splinization approach applied to a Crankshaft; the original profile consists of arc
and line segments.

The selected Genetic Algorithms that were applied are from the DAKOTA
toolkit from Sandia Laboratories. It was developed an interface programmed in
Java language to link the GAs to the CAD geometry. The optimization loop runs
fully automated so the computer generates shapes in every generation. Some of
the genetic operators are described next.
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It was used an initial population size of 50 individuals, because the number of
genes were 32 (8 in each of the 4 counterweights) and it allows a good representa-
tion of the chromosomes in every generation. A crossover rate of 0.8 was selected,
that was a number of 40 individuals out of 50 to be crossed over and have a wide
amount of new shapes. A mutation rate of 0.1 allowed exploring the solution
space for local optima not possible to find by conventional methods.

The results from the first attempts show that the imbalances from both sides of
the crankshaft are in conflict each other. These conflicts are then aimed to be re-
solved by “innovation agents”. Further development of the algorithms can only be
achieved by its integration with Innovation methods. The resulting systems are of
a parametric shape and topology innovative configuration. Some features need to
be added to the system in order to work in an “out of the paradigm” way, leading
to solutions that were not considered before. In order to have a visual impression
about the way the algorithm is performing, some of the counterweights are pre-
sented in the figure.

Figure 3. Representations of the crankshaft’s counterweights (external ones, 1 and 9, are
transparent to let visualize the others, 2 and 8)

The shapes are presenting some notches that are not suitable for forging, but
the direction of solution is cataclysmic. An open minded designer should be able
to recognize that the paradigm is challenged and a new concept can be derived.
This is the intention of these systems, as mentioned at the beginning of the paper,
presenting to the designer challenging alternatives. Finally, these proposals are so-
lution triggers that inspire him, but they are not substituting its role in selecting the
most suitable solutions and implement them properly.
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3. Conclusions

This paper started with a brief recap of the different methodologies and disciplines
that build the bases for developing a conceptual framework on Computer Aided
Innovation. The area of Evolutionary Design is presented and explained how
the first activities in Genetic Algorithms helped to produce the first computer
shapes that resembled a creative behavior. Some of the genetic operators are ex-
plained as a background of the creative operators that are intended to be devel-
oped. A summary of some Design Optimization Systems is explained as also its
use of spline profiles to optimize mechanical structures. The transition from a
multi-objective optimization conflict to a solution with the aim of an ideal result is
developed means the help of TRIZ. The innovative operators are analyzed to find
relation with the genetic operators and turn into a “cataclysmic similar” set of new
principles. Finally, an example of the development of an engine crankshaft is
shown, with some preliminary results that may help to embody the complete
framework of Computer Aided Innovation. Activities to be continued in the future
are the definition of additional fitness functions not only in CAD but in CAE
simulation (forging simulation), in order to control “strange” shapes. Also, objec-
tive functions and restrictions are going to be added by the use of forging simula-
tion and stress analysis during geometry variations, resulting on what is pretended
to be an integration of different systems running totally or partially automatic.

As a final reflection, it can be said that creativity and innovation can be struc-
tured to an objective methodology, and taken away from the individual’s sub-
conscience. Inventive principles suggest a series of recommendations to change
the direction in which solutions are searched. These recommendations can be re-
garded as a knowledge database, which can be used to feed the cataclysmic symi-
lar transformation of genotypes during an evolution for optimization, allowing it
to trespass the barriers of contradictions or constraints.

Experience and judgment can make a good design. When evaluating a fitness
function, the genetic algorithms rely only in the last of these two characteristics
(judgment) based on evaluation and comparison against certain criteria. The first
one (experience) can be added from the substantial knowledge of designers into
the genetic algorithms by means of the incorporation of inventive principles as
cataclysm genetic operators.
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Abstract: In the current demanding global marketplace, ensuring that human fit,
form and function are comprehensively addressed, is becoming an increasingly
important aspect of design and, in particular, obliges the most important
automotive industries to develop more flexible assembly lines and better methods
for PLM solution. In the meantime, designers attempt to elaborate product
development methodologies that conform health and safety standards while still
maximizing the productivity. The aim of this work consists in developing a
methodology based on preventive ergonomics and feasibility analyses of assembly
tasks, simulating a work cell, in which acts a digital human model (manikin), in
order to maximize human safety and performance and analyze manikin interaction
in the virtual environment. In ergonomic analyses the OCRA protocol will be
used, evaluating different involvement degrees of upper limb segments. The
methodology is carried out by ergonomic tool of DELMIA software, using Digital
Human Models technology.

Keywords: PLM solution, ergonomic analysis, OCRA protocol, Digital Human
Models

1. Introduction

The actual manufacturing processes are designed in order to produce a given good
but, often, have a limited flexibility, in particular from the point of view of ability
to meet meaningful variations of productivity in rapid way and result being equal.
The products increasing proliferation and the need to fit in real time the
manufacturing on variations of volumes required by the market (without resorting
to hard-working actions for rearrangements of men, means and materials, with
heavy impact on costs, process stability, quality) represents a competitiveness
decisive factor.

Please use the following format when citing this chapter:

Annarumma, M., Pappalardo, M. and Naddeo, A., 2008, in IFIP International Federation for Information Processing,
Volume 277; Computer-Aided Innovation (CAI); Gaetano Cascini; (Boston: Springer), pp. 19-29.
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In fact, each product variation can imply changes that become: different and
more flexible working place organizations, different assembly procedures,
different methods and tools to be used in operations and even different tasks
subdivisions among the workers in the working places.

The manufacturing process planning is fundamental [1], since it allows to
define and to verify product assembly sequences [2], to create the assembly line
layout, to assign the time needed for each operation, to verify lines performances
also in terms of productivity and use of the resources, to carry out the lines
balancing and to analyze production costs.

In order to assist the manufacturing process planning, studies and software
tools was developed, allowing the whole manufacturing process simulation with
Virtual Manufacturing techniques [3] (DELMIA, VIS FACTORY, UGS, etc).

Subsequently, verifying new types of accidents or work diseases, it realizes the
importance of the working place ergonomics [4], [5] considered as “respect of the
ergonomic principles in the working place conception, in the tools choice and in
the definition of work and production methods, also in order to attenuate the
monotonous and repetitive work”.

For this reason, there was the need to introduce in virtual environments
biomechanical digital models able to simulate the man from a cinematic and
dynamic point of view [6].

Since the *70 years many studies were addressed to the biomechanical models
development. The first notable results were gotten by Chow and Jacobson (1971),
which developed a theory for the human movements optimal control; Seireg and
Arvikar (1975), whose results were taken by Rohrle (1984), studied the optimal
distribution problem of the muscular strength in the hip, knee and ankle
articulations during the walking; Marshall (1986) developed optimization
criterions for the mass centre trajectory computation; Bean, Chaffin and Schultz
(1988) proposed a linear programming method for the muscular strengths
computation in a muscular-skeletal system.

In the last years DHM (Digital Human Modelling) software has been
developed, provided with digital biomechanical models, for instance Jack (UGS),
Ramsis (TechMat) and Delmia (Dassault Systemes) [7], which allow to simulate
human movements by specific tools.

By these softwares it is possible to create specific virtual environments with
CAD data available, in which to insert the manikins; in such way the operator can
be simulated during the productive task carrying out in his working place. This
approach allows effecting all the necessary analyses before the productive line
realization, reducing both design variation costs and execution times.
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2. Description of the approach to development methodology

The approach followed for developing this methodology is based on the Virtual
Manufacturing technologies. These tools allow to reach totally virtual factory,
constituted by virtual models of men, tools and materials, that can be analyzed
their continuous interactions. The virtual tools seem the ideal environment to solve
the problems related to manufacturing high variability/flexibility, since they
allow, if opportunely developed, to study changes needed for the line organization,
in order to reach optimal operating solutions.

The developments needed to reach the target concern, in particular, the
“integrated” methodologies availability for the virtual simulation and the Working
Place “Ability” optimization, considering the whole of factors that affect the
whole working place performances: man, means of work, material handling,
safety and ergonomics.

In order to achieve this goal a preliminary work of a virtual work-cell
reproduction was carried-out. This means to collect product and process CAD
models by the Product Data Management (PDM) and to arrange them according to
the real lay-out and situation which will be effectively reproduced into the plant.
Tools and methods typically used in computer graphics applications must be
applied on the CAD models in order to have a realistic simulation.

Subsequently, several factors that characterize product process performances
was integrated, both in terms of productivity, machineries and manpower output,
both in terms of ergonomic analyses on human factors as: postures, movements,
cinematic potentiality of the human body, efforts feasibility, tools accessibility,
breaks management within the work shift and additional factors that take into
account working environment characteristics.

The whole of these factors, opportunely weighed according to examined
context characteristics, can be used as assessment and designing procedure of
working configurations.

Using Virtual Engineering, the need to evaluate human factors (HF) in real life,
forces the introduction of virtual manikins in virtual environments already carried
out for product and process prototypes, and that has developed the “Digital
Human Modelling” (DHM) [8-9-10]. These human models are digital
biomechanical models, able to simulate the man from a cinematic and dynamic
point of view.

2.1 Aims of the work

The aim of this work consists in developing a design methodology founded on
ergonomics and feasibility preventive analyses of work tasks, by simulating a
work-cell, in which acts a digital human model.
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Combining process and ergonomic analyses and analyzing the relationship
between workers and other entities within the simulation, with the evaluation of
manikin interaction in the virtual environment, thanks to Digital Human Models
(DHM) technology, it possible to improve product development process and
maximize human safety and performance in designing step.

OCRA (OCcupational Repetitive Actions) protocol was used in ergonomic
analyses; OCRA’s index consider time and posture factors, in order to evaluate
different involvement degrees of human upper limbs.

The OCRA index is the ratio between the Actual number of Technical Actions
carried out during the work shift (ATA) and the Reference number of Technical
Actions (RTA) (for each upper limb) which is specifically determined in the
examined scenario.

Subsequently, an analysis of pestures (the type of quantitative and qualitative
joint involvement, the static or dynamic component of movement) will make it
possible to obtain a general estimation of the degree of repetitiveness and of the
duration of single joint movements within the sequence of technical actions.
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Figure 1: OCRA ergonomic evaluation tool
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Figure 4: OCRA ergonomic evaluation tool zoom

For these reasons, the methodology was developed integrating design/
simulation tools, which exactly allows simulating and analyzing the work
environment with digital human models that carry out manual assembly tasks. In
this way, designers are assisted and guided in the context of a product/service,
before it exists and throughout its entire lifecycle.

Therefore, an ergonomic evaluation tool, based on the OCRA protocol, as
shown in figures 1,2,3,4 has been implemented and integrated inside the DHM
software used for carrying out the simulation, recognizing several human postures
and making ergonomic assessments founded on other standard protocols, by own
specific tools.

The tool gives a final validation of the task. Input data which can be acquired
during the simulation are:

e numerical manikin body information (angles and postures);
e task and single movement times.

The Computer Aided Innovation consists in using both posture recognition and
all ergonomic evaluation tools within a Product-Process-Resources (PPR) data
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collaboration system, that’s ensuring that human factors become an intuitive
component in the manufacturing design process, so having several advantages:

e to improve simulation reliability: experts are supported, in real time,
during the simulation because they can define the best movement for the
worker, cutting down or changing incongruous postures;

e to improve the analysis performance: according to analyzed task, the
expert can evaluate the most meaningful index between all the available
ones;

e to ensure conformance to relevant health and safety standards;

e to reduce analysis time: critical postures are recognized at once, reducing
subjective interpretations;

e to accelerate time to market;
e to reduces design timeframe and associated costs.

This complete integration with PPR data system allows companies to share
their best practices and ensure everyone has access to the right information at the
right time, optimizing workplaces and work cell design and increasing
productivity.

2.2 Application on case study

In order to validate the methodology, the work present an application of the
method to an interesting case study, by a simulation of an assembly task inside the
car-body, that suggests new solutions, carrying out a more ergonomic and efficient
task.

First of all, the virtual work cell has been built, therefore 3D models of the car
and the assembly line have been collected and merged.

Then, a digital human model has been put into the virtual environment
simulating the assembly task, in order to evaluate the situation using the classical
approach.

The ergonomic study has been conducted on an operator employed in an
operation frequently carried out during the dashboard assembly inside the car’s
cabin.

In figure 5 is shown an axonometric sight of the virtual work place with the
digital human model.

The manikin’s movements have been evaluated and the most critical postures,
as shown in figure 6, during the simulation have been analyzed with ergonomics
indexes, above all with OCRA index. According to this kind of analysis, a
different approach to the work place improves the user’s comfort thanks to a more
comfortable arms movements.
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In addition to analysis tools provided in Delmia software, a form for the OCRA
index evaluation has been developed, integrated in the software and which can be
recalled by the menu of Delmia tools, appearing to screen as a dialogue box, in
which can be input data drawn by the simulation’s observation, and allowing
automatic assessment of the aforesaid ergonomic index.

It should be underlined that the OCRA index “critical values” and its
association with the occurrence of Upper Limbs Work-related Musculo-Skeletal
Disorders (UL-WMSDs), reported in figure 7, should be used as an help to better
frame the risk assessment and more effectively guide any consequent preventative
actions, rather than rigid numbers splitting results between “risk” or “no risk”.

In our case (OCRA dx = 0.9, OCRA sx = 0.6), the dashboard assembly
operation, under examination, represents a not very critical example from the
ergonomic point of view: it doesn’t require great strength, and upper limbs’
postures are not at risk considerably. These factors, with a good organization of
the work shift, allow to say that UL-WMSDs occupational diseases are not
forecasted.

The innovation introduced by this tool, in comparison with the classical manual
compilation of the form, consists in the followings advantages:

e the index evaluation is simplified by surveys of numerical data on
manikin postures, avoiding uncertain situations and minimizing
evaluation errors from the operator;

e automatic assignment of indicative values of risk situations, beginning
from times of duration of critical postures.

Figure 5: Assembly line
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Figure 6: Critical posture
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Figure 7: OCRA Method: Final assessment criteria

3. Conclusions

Manufacturing organizations today continue to design and develop machines,
vehicles and products that are capable of performing better, faster and longer. An
increasingly design consideration is to ensure that these technological innovations
are being designed from the perspective of people who actually build, maintain
and operate them. Therefore, manufacturers must consider these human factors
early in the product life cycle.

The power of this methodology is notable and its application could occur in any
step of the product/process development.
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In addition to traditional tools of data analysis, this CAI methodology takes
advantage of simulation tools of the product development process for Product
Lifecycle Management (PLM) solutions and human factors evaluation tools,
geared towards understanding and optimizing the relationship between humans
and the products which they manufacture, install, operate and maintain. These
tools take place as a link between the virtual product and the virtual factory,
assuring a two-way communication between them.

The obtaining advantages are the following:

e to analyze the task feasibility in relation to operator anthropometric
characteristics;

e to analyze the work place layout in relation to the task to carry out and to
operator anthropometric characteristics;

e to store sequences of operations in a dedicated database, in order to make
analyses in different steps of the product development process;

e to support the ergonomic indexes computation, in order to evaluate the
risk due to Loads Manual Moving and Manual Assembly operations or to
not comfortable postures;

e to carry out training phase on the ground of the optimised methods by the
use of movies simulated and by the workers involvements in simulated
tasks.

Using these analyses and evaluations it is possible to obtain indications for
modifying the design in process development step.

Therefore this method allows a significant saving in terms of time and costs in
design process, providing the enterprise with an important competitive lever.
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Abstract: The estimation of the conceptual distance between patents is a critical
issue for Computer-Aided patent portfolio analysis systems, an emerging class of
computer tools for supporting R&D analyses and decisions, patent infringement
risk evaluation, technology forecasting. The aim of the present work is the
introduction of an original algorithm for patent comparison: since typical text
analyses are biased by the writer’s style, the inventions similarity is here estimated
by comparing the components and their hierarchical and functional interactions
automatically extracted by means of a custom software tool. The whole procedure
is clarified with an exemplary application in the field of electric current circuit
breakers.

Keywords: Patent mining, document similarity, plagiarism

1. Introduction

Computer-aided patent portfolio analysis is an emerging topic in the scientific
community and attracts interests from several disciplines, since it deals with
economical, technical, management, life science issues [1-4].

Indeed, computers have been used for patent searches and analyses since the
’90s, but most of the applications were limited to statistical computations by
means of bibliometric methods. Indeed, these techniques are still adopted as a
relevant source of information [5]. This is mainly due to a heritage of traditional
practices when statistical techniques were adopted to examine the effect of
technology development in economic, national and international contexts or to
plan a corporate technology activity at a corporate level [2].

The introduction of text-mining algorithms has created new opportunities for
identifying complex relationship among patent documents. Besides, up to now, the
researchers in this field have dedicated major attention to Information Extraction
purposes in order to capture relevant information from patents, while still limited
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studies exist about patent comparison and trend extraction, except applications of
general purpose clustering algorithms [6].

Nowadays, computer-based systems for patent analysis are assuming more and
more specialistic roles and will cover soon a wider range of application areas like:

- generation of new research directions for biomedical studies [1];

- comparison of the morphology portfolio of different technologies [2];

- evaluation of the R&D landscape and business opportunities [3];

- evaluation of the risk of patent infringement [4].

All the above mentioned activities require the estimation of the conceptual
distance between patents, but all the approaches proposed so far are based on
keywords comparisons (e.g. co-occurrences of terms and/or multi-words), while
the nature of patent contents is poorly taken into account. An even more critical
issue is the dependence of these techniques to the language style of the writer; as a
result, very often it happens that patents of the same inventor or company are
clustered together despite their different contents, while conceptually close
inventions are considered distant from each other just because they adopt a
different terminology.

In the present paper the authors, also thanks to previous experiences in the field
of plagiarism detection, propose a novel technique for assessing patent similarity
as a means for avoiding the impact of the language style on patent comparison.

In the next chapter we report a brief survey of plagiarism detection techniques;
then the third section describes the proposed algorithm also resuming some
previous works relevant for the present application. Then an exemplary
application of the proposed similarity metric is shown, by comparing the results of
the automatic analyses performed by means of a prototype software to the results
obtained by humans in the field of electrical circuit interruption devices. Finally,
in chapter five, the discussion is focused on the capabilities and the sore points of
the proposed technique.

2. State of the art techniques for plagiarism detection

Plagiarism is a growing problem and has recently received a lot of attention. The
increase in availability of material in digital form has made plagiarism much
easier.

However, the use of digital media also means that there are greater
opportunities to trace plagiarism by means of dedicated software tools. Automated
plagiarism detection as a subject has not yet achieved the same degree of scientific
maturity as other subjects in the Text-Mining field, but a growing number of
publications [7], websites and recently available products on this matter [8, 9]
indicates that both the scientific and the industrial communities have started to
recognize and acknowledge the existence of a recent problem which is yet
awaiting its systematic solution [10].
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There are several approaches to automatically identify plagiarism in different
types of documents. The SCAM tool developed by Shivakumar [11] is based on
building unions of word sets and counting domain-specific keywords in them.
Plagiarism is then revealed via unexpected or otherwise suspicious occurrences of
such keywords.

In some works, plagiarism detection has been regarded as a special case of
duplicate document detection, which is both a necessary and difficult task in the
management of large scale and very large scale databases (possibly multi-media
databases). A variety of data mining methods and text-based techniques for such
purposes have been proposed and investigated [12].

Comparing whole document checksums is simple and suffices for reliably
detecting exact copies; however, detecting partial copies is subtler; in some works,
for example in [13], an approach based on multiple fingerprints evaluation is used
to detect partial copies. These techniques mostly rely on the use of k-grams, i.e.
contiguous sub-strings of characters with length k. The process requires to divide
a document into k-grams, and extract a hash value from each one [14, 15]. The
result of this process is a fingerprint that represents the document in each of its
sub-parts of length k, further exploited for comparison. Such a procedure,
however, does not take into account the behavioral pattern of the plagiarist. In
[16], the edit distance is introduced as a similarity metric between chunks of text.

In [17] an hypothetical behavioral pattern of the plagiarist is taken into account.
The authors hypothesize that the behavior of the plagiarist consists in the
repetition of three prototypical actions: insertion, deletion and substitution. This
actions can be performed at any level of the document structure, phrase, paragraph
or chapter. Distance between documents is then evaluated recursively exploiting
the Levensthein edit distance [18].

All this approaches take into account plagiarism as an operation on text to be
considered a mere sequence of characters, with no attempt to capture the likely
semantic nature of plagiarism.

The main limit of plagiarism detection algorithms, as a means for identifying
similar inventions and patent infringements, is their focus on the language of the
description instead of the structure of the invention. Still some lessons learned can
be readapted to the specific situation.

In facts, an acknowledged measure of similarity is expressed in the form

keywords,; + keywords

SIM ; = )]
keywords, + keywords;

where keywords;; is the number of occurrences of keywords of the document i
found in the document j and keywords; is the overall number of keywords
extracted from the document 7.

An exemplary attempt to reuse in a novel form such a typical plagiarism
assessment metric is proposed in [4], where the authors measure patent similarity
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by comparing the number of shared SAO triples (Subject Action Object), instead
of the keywords alone. The main advantage of the SAO-based approach is that
patents are compared in terms of functions delivered by the elements of the
invention and general terms are filtered out.

Nevertheless, we observe that while taking into account syntactical information
this comparison is still too dependent on the mere text and, as such, it depends
more on the writer’s style than on the actual ‘semantics’ of the described
invention.

In this paper we propose an alternative approach which is not based on text
comparison but on the comparison of the structural and functional architecture of
the invention disclosed in a patent.

3. A new approach to measure patent similarity

As discussed above, the main limit of the traditional techniques for estimating the
conceptual distance between two patents is the dependence on the language style
of the inventor.
In order to clarify this concept let’s consider the following excerpts:
- US4,713,635: “For example, the barrier portion or insert 107 includes a rib
or tongue 109 that is aligned with rib or tongue portions 111, 113, and
115

- US4,056,798: “One end of the cradle 48 forms a tongue member 50 which
is releasably secured within an apertured latch 52 of the trip mechanism
42. [...] This deflection causes the bimetal element to engage a hook-
shaped projection 66 of the latch 52, pulling the latch 52 to the right and
causing the tongue 50 of the cradle 48 to be disengaged from the latch 52.”

In both patents, a tongue member is a feature of the disclosed invention and can
be considered as a subsystem of a further element of the invention (the barrier
portion 107 and the cradle 48 respectively). The property of being a subsystem is
expressed by means of totally different locutions: <component i> “includes”
<component j> and <component i> “of the” <component j>. It is worth to notice
that the adoption of a SAO-based comparison criterion does not allow to identify
this kind of similarity, whatever is the richness and quality of its synonyms list.
Similar remarks can be applied also to functional and positional interactions.

In the present paper the authors suggest to evaluate the similarity between two
patents by comparing their functional tree [19], i.e. the hierarchical architecture of
the invention’s components and their functional interactions. In facts, working
with the functional tree allows to identify conceptual similarities like the example
presented above and to limit the influence of the language style. Moreover, the
algorithm described hereafter allows to focus the comparison on a subset of
components and/or interactions according to the peculiarity score proposed in
[20].



Measuring patent similarity by comparing inventions functional trees 35

3.1 Previous works: automatic functional analysis of patents and
extraction of invention peculiarities

The authors are working on the development of new techniques and algorithms for

patent analysis and comparison [19-23]. As a result of these previous experiences

a prototype software system (named PatAnalyzer) has been developed with the

following functionalities:

- identify the components of the invention;

- classify the identified components in terms of detail/abstraction level and their
compositional relationships in terms of supersystem/subsystem links;

- identify positional and functional interactions between the components both
internal and external to the system;

- build a thesaurus of “alternative denominations” of the functional elements
identified in a given set of patents (hereafter called project);

- identify the most relevant components of each patent for a given project
according to a ranking criterion which combines the detail level of the
description with the Inverse Document Frequency, i.e. the “rarity” of each
synset of the Thesaurus.

In Figure 1 the exemplary results related to the patent US6,064,024 are shown:
the conceptual map visualizes the components of the inventions, their hierarchical
and functional interactions, as well as their relevance score by means of a color
code.

It is worth to notice that the score assigned to the components of each invention
allows to select a subset of sentences from the description and the claims of the
patent where the top-ranked components are mentioned. In [20] it was
demonstrated that such a subset of sentences is sufficient for a “person skilled in
the art” for understanding what the core of the patent is about.

In this paper, the top-ranked components and their hierarchical and functional
relationships are adopted as a means to compare the inventions of a given project
in order to estimate their similarity, as described in the following paragraph.

3.2 Comparing the functional tree of two inventions

In this work it is assumed that two technical systems belonging to the same field
of application, sharing the same components, structured with the same architecture
and characterized by the same functional interactions are conceptually identical.
As a consequence, the similarity between two patents is estimated by comparing
their components, hierarchical relationships and functions.
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Figure 1. Portion of the conceptual map of the patent US6,064,024: the arrows with no
label represent hierarchical relationships (the component at the tip of the arrow is a
subsystem of the components at the tail of the arrow); labeled arrows represent functional
and positional interactions; the colors highlight the relevance score of each component.
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Such a comparison is made also taking into account the alternative
denominations of each component, by means of the Thesaurus built according to
the rules defined in [20]. More precisely, while comparing the functional trees of
two inventions, two nodes are considered equivalent if they belong to the same
synset in the Thesaurus of the project.

Then the following formula is applied:

PO TO+FD) <T@, LICO = CHI+CH) = Ca)
L@+ C@)|+[C()]

where I'(7) is the set of hierarchical and functional interactions belonging to the i-

th patent; I'(i) c I'(j) stands for the hierarchical and functional interactions of the

SIM, =a (2)

i-th patent appearing also in the functional tree of the j-th patent; C(i) is the list of
components belonging to the i-th patent; o and f are coefficients to weight the
mutual relevance of interactions and components.

It is worth to note that the formula (2) can be applied to the whole set of
components and interactions extracted from each patent or to a subset of top-
scored components and their interactions. Thus, three parameters must be
arbitrarily set to evaluate the similarity between two patents: a, f and p, where the
latter represents the threshold score for components selection (y = 0 means that the
whole hierarchical/functional tree is considered to estimate the patent similarity,
while y = 1 means that only the component with the highest score and its
interactions are taken into account).

Whatever is the value assumed by a, f and y, the similarity matrix of a given
project, built in analogy of the incidence matrix proposed in [24], is a symmetric
square matrix N x N (N being the number of documents analyzed in the project)
constituted by the similarities of each patents’ pair. In other words each cell (i, )
contains the estimated similarity among the i-th and the j-th patent.

The rules to define the most suitable values for a, f and y are still under
validation; nevertheless some general directions have already been developed and
are briefly discussed in section 5.

4. Exemplary application: electrical circuit interruption devices

In order to clarify the procedure described in section 3.2 and to demonstrate its
capabilities this chapter reports an exemplary application in the field of electrical
circuit interruption devices.

On the base of a previous experience with ABB SACE (www.abb.com), an
evolutionary analysis of electrical circuit breakers has been made at the MTI Lab
of the University of Florence. A set of 85 patents (ABB project) was selected as a
combination of two citation trees, i.e. the patents cited from US6,064,024 and
US6,373,016 following backward citations up to three levels from the source
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patent. Figure 2 shows a portion of the citation tree related to the former patent:
each arrow represents a backward citation.

In order to perform such an evolutionary analysis each patent has been
analyzed by a technician and a summary has been extracted in the form Problem-
Solution (figure 2, close up). In other words, the citation trees have been manually
translated into a Problem-Solution tree which can be used with similar purposes of
the OTSM-TRIZ Problem Flow Network proposed in [25].

US6064024 (2000)
Problem: The disadvantage of using permanent magnets is
that the contactor is polarized in that arc current flowing in only
one direction produces a Lorentz force in a direction that drives
the arc into the extinguishing chamber. The Lorentz force
produced by arc current in the opposite direction inhibits the arc
from moving toward and into the second extinguishing
chamber.
Solution: a rotating permanent magnet is employed to enhance
the forces that drive the arc towards the extinguishing
mechanism.

US4424428 (1984)
Problem: The use of permanent magnets for
improving breaking capacity is limited by the risk
of demagnetization due to arc blow-out.
Solution: The permanent magnet is housed
inside the fixed contact and is thermally and 7
electrically isolated from it by an insulating layer

Figure 2. Excerpt from the Patent Citation tree and close up on the Problem-Solution
notations associated to a pair of citing-cited patents.

The details of this evolutionary analysis are outside the scopes of the present
paper and will be presented in a next publication. Besides, such an extensive
analysis carefully operated by humans constitutes a valuable resource to validate
the proposed similarity score.

According to the above mentioned procedure, the 85 patents have been
processed by PatAnalyzer, thus producing a corresponding number of conceptual
maps (as the functional tree shown in figure 1) and related relevance scores.
Moreover the analysis has generated a thesaurus specifically dedicated to the ABB
project (figure 3). The similarity matrix (figure 4) has been calculated assigning
the same weight to components and interactions (i.e. & = 1, f = 1) and discarding
those components with a score lower than one fifth of the maximum score of the
entire project (i.e. y = 0.2). The whole computation (functional tree identification,
thesaurus generation, definition of the similarity matrix) has required less than 60
minutes on a standard laptop.
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permanent magnet 86 / US606402481
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permanent magnet 102 | US541645581
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permanent magnet 42 / US513812281
permanent magnet 94 / US513812281
permanent magnet 92 / US513812281
permanent magnet 90 / US513812261
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Figure 3. Portion of the Thesaurus graph of the ABB project: the arrows point from
hypernyms to hyponyms, (red) dashed lines represent alternative denominations. The box in
the right-low corner lists the patents containing the selected word/multi-word.
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US556989481 0,0%  0,0%
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US5343174B1 I ; X
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US523530381 00% 00% 00% 00% 00% 00%
US5194840B1 00% 00% 00% 00% 00% 00%
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US516317581 0,0% 00% 00% 00% 00% 0,0%

US513812281 11% 08% 00%/ 19% 00% 08% 0,0%
Figure 4. Similarity matrix for the 85 patents of the ABB project: entire matrix (above) and
close up on a reduced number of patents (below). The cells of the matrix can be colored
according to one or more thresholds defined by the user (here 1% and 2% respectively) in
order to highlight similar patents and clusters.
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The resulting similarities have been compared with the outputs of the analysis
manually performed by two operators as described above. Such a comparison has
revealed a consistent coherence among the two set of results.

As an exemplary demonstration the following patents have revealed relevant
matched features: US6,064,024, USS5,763,847, US5,130,504, US4,424,428. Indeed
all those inventions are characterized by the adoption of a permanent magnet
aimed at the deviation and elongation of the electric arc (see also figure 2):

- US6,064,024: “[...] Thus the permanent magnet's strong field will always be oriented to enhance
the potentially weak self magnetic field as described with respect to the embodiment in FIG. 1.
Therefore the resultant Lorentz force acting on the arc will always be strong enough to drive the arc
off the contact pads 30 and 32 and along stationary contact 17 even when the self magnetic field is
weak (low current) [...]".

- USS5,763,847: “[...] As the arc travels into the arc extinguishing chamber 34, it also interacts with
the individual magnetic fields produced by permanent magnet 54 in each of the first type of splitter
plates 40. [...]. The interaction of the arc current with this magnetic field around each plate causes
the arc 77 to move in circles on the surface of the splitter plate casing 44. Thus the arc energy is not
constricted to one spot on the casing surface as occurred in previous arc chambers, thus erosive
effects of arcs impinging the splitter plates are reduced in the present design. [...]".

- US5,130,504: “[...] The permanent magnets 80-88 are polarized across the width thereof to
establish a magnetic field B (FIGS. 10 and 11) directed front-to-rear through the respective arc
chambers, the plates 54 and 90 forming a magnetic path around the outside of the switching
apparatus and an air gap across the respective arc extinguishing chambers. [...]”.

- US4,424,428: “[...] The magnetic field of magnet 38, which is present when the arc appears, leads
to rotation of the arc along the annular tracks formed by contact surfaces 34, 36 and rapid
extinction of the arc in a well known manner [...]".

A selection of the paragraphs containing the components and interactions
contributing to the similarity score (in this case “permanent magnet” and related
denominations like “interior magnet”, figure 3) has been judged sufficient for a
person skilled in the art to understand the role of the component and to assess the
originality of the solution.

5. Discussion and conclusions

The technique proposed in this paper defines the similarity of two patents as the
match in terms of functional structure of the inventions, instead of the traditional
frequency of keywords co-occurrences. By doing so, patents are grouped into
more appropriate conceptual classes and more intrinsically homogeneous clusters
can be produced. As explained before, keywords co-occurrence analysis deals
with the patents as a whole and considers only the frequency of co-citations. Thus,
the result of grouping may be superficial or even spurious since those statistics
would not reveal the internal structural relationships between patents.

Besides the proposed algorithm allows to find analogies between inventions
described with totally different locutions, while general poorly informative
elements (according to a ranking which depends on the specific project and not to
a general terminology classification) are neglected.
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An open issue is the definition of the rules to assign a proper value to the
weights a (interactions), f (components) and the threshold y. According to the
analyses performed so far, the components part of the formula (2) can lead to
wrong estimations of the similarity when dealing with a patent having a reduced
number of components: in these cases the similarity score is zero when the
relevance score of the components is low, since there are no opportunities for
matching other patents. Vice versa, if the relevance score of the components of an
invention characterized by a reduced number of elements is high, the patent will
result highly similar with many patents of the project. Besides, the similarity
between patents with a reduced number of components is more suitably assessed
by the interactions part of the formula (2). Inversely, in case of inventions with a
high number of components described in the patent, also the components part of
(2) significantly contributes to the similarity assessment.

A further emerging note is that the contribution of the interactions to the overall
similarity score inversely depends on the value assigned to p, i.e. the
relevance/peculiarity threshold defining the number of components to be
considered from each patent in order to perform the comparison. In other words,
hierarchical and functional interactions between components provide relevant
contributions for similarity assessment if a wider portion of the functional tree is
considered for each patent under evaluation, while in a selection limited to the top-
score elements from each patent the similarity is mostly evaluated in terms of
components.

The authors are involved in a more extensive validation of the proposed
algorithm with the aim of providing more detailed guidelines for the definition of
the most suitable parameters a, f and y for a given set of patents.
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Abstract: Within the scope of Computer Aided Innovation, it is commonly agreed
that problem formulation remains in need of robust improvement. Prior to this,
means of conducting and representing problems are needed, so as the way a
software implementation would help designers, for instance, in decision making.
Our approach presents the originality of including the use of a contradiction
formalism associated to the notions of problem network, parameter network and
their interactions. Several other research outcomes have clearly presented
interesting results in the direction of problem network constitution and defined its
role within problem formulation and inventive design but have not yet clarified the
way these networks are linked together. In this article, we present the notion of
contradiction clouds and its manipulation in order to fulfil the objective of
assisting decisions in a more advanced way than an intuitive decision method.
These proposed rules of representation are based on the assumption that
contradictions need to be associated with means of characterization for a graphical
representation to be relevant and a decision to be engaged. A test procedure of our
proposals has been conducted in two industrial case studies; one in a steel maker
company and a second in an automotive supplier.

Keywords: TRIZ, Contradictions clouds, Inventive Design, R&D decisions
1. Introduction

1.1. The place of invention in innovation

It is now acknowledged in scientific and industrial circles that there is a major
difference between innovation and invention [1]. Many works have highlighted
these differences but can be summarized in the fields of engineering as follows:
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The status of Innovation (associated to the object or more largely what man
have built: artifacts) is acquired whenever a society adoption of this same artifact
appears as new in a group of consumers having a certain legitimacy.

The question then arouses about the role of invention in this scheme. Invention,
being the cognitive fruit of inventors materialized in an innovative technical
solution associated with its resultant in the novel object, this statement is not
obviously connected with the concept of innovation described above. It is thus
interesting to investigate which new facts can be at the origin of invention and in
which ways they can result in an impact on innovation.

In other words, an innovation can have nothing inventive in it, just like an
invention may never result in an innovation. The only semantic parallel between
these two terms lies in the novelty of the idea for one, of the society adoption for
the other. Moreover, the temporal aspect of states (both invention and innovation)
for the same object remains often timely distant. Sometimes, as it was the case for
photography, one century occurs before an invention does acquire the state of
innovation. This rhythm seems to accelerate as the decades our industries cross,
moreover since the era of innovation became a reality. Therefore the rhythm of
emergence of inventions is ever more solicited with the necessity for a company to
ever be intensively proposing innovations.

This distant temporal aspect between invention and innovation can nevertheless
inspire a reflection: “does the original presence of an invention support the
emergence of an innovation?” or “is this presence guaranteeing a particular kind
of innovation, such as for example provoking a broader success of a more durable
notoriety?”’

By observing innovations which have landmarked this century, a brief reply is
undoubtedly in favor of this statement, innovations which landmarked this century
have in their immense majority at their origin a relevant invention and of a high
inventive value (within the meaning of Altshuller’s levels of inventiveness). We
thus question also on the objective methods which characterize the emergence of
inventions, since they seem to be sources of innovations provoking successes for
companies.

1.2. Which fundamentals make a mode of design “inventively-
driven?”

In this section, we will start by clarifying the confused relation between creativity,
often perceived and considered from the angle of a process or a stage of this
process, and an inventive behavior which results rather in a particular capacity to
address problem solving having certain specificities.

Creativity, seeming more and more a recognized process of a more global
activity of design, is at the heart of many reflections [2]. We can draw this
statement just by observing the ever increasing contributions these last years in the
fields of Design Sciences around creative phases which tries to explain that time
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has come to increase in their effectiveness [3]. Let us add to that the emergence of
theoretical and practical contributions to characterize them, like those around
TRIZ. They confirm the tendency that many researchers in design sciences are
considering them. This new fact comes like a logical evolution from expert
practice (in the sense of social sciences and in which little computerization is
proven to be possible), towards an axiomatization as an inescapable precondition
of a computerization.

But this statement can be argued since it is dissociating man from creative act
by claiming that he might not be responsible of its control. However we
undoubtedly know that this is not the case, the error comes according to us from
the amalgam between creativity, creative process and human intrinsic aptitude [4].
If the process of implementation of the human creativity is observable, teachable,
reproducible, the human actor at the heart of this process must develop particular
aptitudes in problem solving [5].

1.3. How a computer can support an inventive mode of design?

This title is shocking in itself by the fact it partially associates two words
“computer and invention”. However as we described above, we do not fully
associate invention and creativity. There is thus no question of bringing forward
the assumption that creativity is computable, but simply to assert inventive steps
assistance to the assistance of formulation and resolution of a certain typology of
problems: inventive problems.

In our Design approach, our starting point concerning creativity is thus neither
to supplant it, nor doping its processes of emergence, but to address the capacity
of a designer to solve problems related with the specific situation he is facing
with.

Regarding computerization of certain tasks related to designers, our choice was
logically turned towards those in which a computerization would prove to be
beneficial. In a past contribution, we proposed to assist extraction and storing of
multi-disciplinary knowledge [6]. Later, we proposed to handle this knowledge
and advanced specific representations useful for decisions in R&D departments
[7].

In short, among the essential functionalities that a computer can handle to assist
a designer in logic of inventive design, we propose to treat the following ones:

e To assist expert questioning and to transpose his knowledge in components of
inventive problems (reduced in our case to contradictions).

e To store this knowledge in templates allowing their re-uses, their dynamic
iterations.

e To assist link constitution of these components to provoke all the possible
interpretation based upon the provided representation.
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1.4. Zooming on the formulation of inventive challenges

The characteristic for a problem to be declared “inventive” was already clarified
by Altschuller in TRIZ theory (1). Here, we will only use the ontology of a
contradiction posed according to the fundamentals of the theory. The challenging
aspect is observed when an unsolved situation possesses outcomes potentially
carrying both substantial benefits for the company but also some risks.

Let us remind that a contradiction within the meaning of TRIZ (see also figure
1) can be modeled as follows:

An Active Parameter (APx) having two states of values diametrically opposed
(Va and Va) influencing respectively two evaluating parameters (EPn and EPm).
The state of contradiction is obtained since the opposite state (Va - EPm and Va
- EPn) is also true.

Active Parameter

TCn.m APn

Evaluating
Parameter EP1

Va
Evaluating @ @
et Ny )

Parameter EP3

Figure 1 Schematic illustration on a contradiction

In TRIZ, we can associate an expressed physical contradiction to an inventive
challenge when the two values of its AP are diametrically opposed and that the
impossibility of placing AP at the same time in Va state AND in Va state is ever
more critical. Another element in the challenging value of a contradiction is the
consequences of its solving; when above its own pair of EPs, its solving is
diffused among many other EPs pairs (or other contradictions).

But such contradictions, when facing high challenges, are not easy to locate in
the dense quantity of contradictions at the origin of complex problems. Our
objective through the coming section is to propose a possible representation of
multiple contradictions such as it emphasizes a reduced amount of contradictions
at the heart of great challenges.
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2. Supporting the selection of inventive challenges

2.1.  On the acquisition of contradictions

Firstly, we will consider the acquisition of contradictions and the way this
fundamental stage of inventive problems solving can be conducted. The synthesis
of a contradiction passes by specific processes allowing the emergence of
parameters related with the studied system. Among these processes, let us note
three principal stages:

e Description of a first set of parameters by the comprehension of past-present
evolution dynamics of a given system. This process is primarily supported by
multi-screen analysis [8].

e Description of a second set of parameters by studying the positioning of the
system through laws of engineering systems evolution. Here the need is to
confront the studied system with each law and analyze its evolution by
characterizing it in terms of parameters [9].

e The first two processes having highlighted a group of contradictions, it is then
appropriate to differentiate the Active Parameters from the Evaluating ones.
Then, respectfully to the ontology of a contradiction, to associate APs and the
EPs by means of their respective Values (Va and Va). The incompleteness of
these associations (according the described contradiction pattern) forces to
identify the missing components. This constitutes also another mean of
parameter’s emergence.

The outcome of this last stage is that a more or less important set of
contradictions will be disclosed. But the use of methods and tools extracted from
TRIZ can be considered only on the basis of one of them. In the case of complex
problems, it’s a large amount of contradictions which will be synthesized,
problems to insulate the contradiction to be engaged in a tool or a method of TRIZ
for resolution still remain.

2.2. On the concept of contradictions cloud

Our past reports led us to understand that contradictions in complex situations are
numerous and connected to multiple problems [10]. Thus, these contradictions, to
be differentiated, must be associated to particular characteristics leading, when
associated to values, to a graphical representation.

Our observations of these characteristics led us to highlight three elements of
contradiction characterization.
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First differentiation: Importance

The contradictions components (an Active Parameter a pair of Evaluating
Parameters) do not have the same importance; Evaluating Parameters are more
characterizing the essentials of the problem than others. Thus, it is possible to
associate a qualitative value to each Evaluating Parameters which compose a
group of contradictions. This evaluation has only the aim to place them on a
relative scale of importance. The essence to be preserved among parameters
relationship is the scale amplitude to be simply established around a certain
amount of divisions out of a scale allowing this differentiation.

Then, the role of the Active Parameter within a contradiction is not of the same
order as the one provided by Evaluating Parameters. Very often, the active
parameter represents the element on which it is necessary to act in a contradiction.
We propose that the element which will allow differentiating a set of active
parameters between them articulates around the potential impact that this APx
(setted at Va AND Va) will have on the problems to which it is related. In other
terms an APx is going to atrophy or dope the importance of a pair of EP since we
observed in Apx an evident capacity to influent EP’s importance. The given
coefficient (o) will then allow the addition of both EP’s (EPn+ EPm) to be reduced
when facing a weak impact or to be multiplied when facing a strong impact. For
this multiplying coefficient, we agreed on a range from 0,5 to 2.

Thus, the first criterion of differentiation between TCs will be following form:

X = aAPx (Coef. EPn + Coef.
EPm)

Where:

X: the association of an AP and its pair of opposite EP's

o the multiplying coefficient applied to the concerned AP

Coef. EPn and Coef. EPm: the two values of relative importance for each EP
simply added.

Second differentiation: Universality

In our observations of the typology of a set of contradictions, we noted that EPs
are qualifying the objectives sometimes hidden in inventive challenges. Some of
these EPs seem to appear in a recurring way in a large amount of contradictions.
This observation led us to build the assumption that a simple measurement of the
universality of a contradiction could be established. This measurement would aim
at specifying that a contradiction having EP recurrently present in a large amount
of other contradictions represents the universality of this same contradiction. The
universality criterion Y thus takes the following form:

Y=Q EPn + Q EPm
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Where:
Y is the universality of a contradiction;
Q EPn, m: corresponds to the quantity of occurrence the EP has in a set of

TC's.

Third differentiation: Amplitude

In the structure of a contradiction, an AP is associated with a pair of EPs. But
in a more general way, the same AP is often associated with a variable quantity of
EPs. As a result, some AP involve the opposition of only one pair of EPs whereas
others have an impact on a large amount of EPs and involve the opposition of a
consequent series of pairs of EPs. Our proposal is thus to establish a third criterion
of differentiation Z related to contradictions which would specify their amplitude
by the sum of EPs pairs each AP is attached to within a contradiction group. This
criterion would take the following form:

Z =3 C [EPn;EPm] € APx

Where:
Z is the criterion of amplitude;
C represents any couple EPn; EPm

We thus have 3 criteria X, Y and Z to differentiate contradictions. While
placing criteria X and Y according to a system of axis, we obtain a cloud of dots.
By associating each point of this cloud criterion Z, we obtain (as represented on
figure 2) a group of dots with variable diameters.
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Figure 2 Cloud of contradictions with highligted top right corner

In such a representation, the zone of points in top right of the graph is of a
particular importance. In order to highlight an even reduced amount of
contradictions, a first method consists in isolating the set of contradictions of the
top right quarter (figure 2).

But in the cases of complex situations, where contradictions are numerous, this
pruning can not be enough. In such cases, we propose to highlight the top right
front of points of this quarter cloud (figure 3).

H Tez.11
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ﬂ TC&al \ | Te134
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Figure 3 Dot’s front zone of the top left quarter
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Let us return now to the objective of such a representation. We have an
important set of contradictions representative of a set of expressed problems in a
given situation. Our main objective is to put the designer in front of his inventive
challenges, those impacting most consequently on the set of problems of its initial
situation. The reduced dots on the upper right front thus represent a reduced
amount of variants to address an inventive way complex problem. But assuming
that the result of the analysis of such a graph is a set of decisions which will
initiate a set of R&D activities, we are facing with a situation where it will be
necessary to express the potential resources of R&D actions. If for example a
company has the capacity to address several R&D axes in parallel, several choices
on the upper left front face could be made. If the R&D efforts must be reduced, a
single choice (or a reduced amount of dots) will have to be selected.

2.3.  On the computerization of the process

In a past contribution [11], we had already proposed a data-processing method for
revealing contradictions materialized in a computer module. In order to associate
this module the results of the analysis expressed in the preceding paragraph, we
conceived a graphic extension of this module featuring the cloud of dots and the
highlighting of its upper left front (figure 4).
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2.4. Results of experimentation of the new TRIZ acquisition
module in two industrial cases

In the phase related to expert knowledge formalization of the industrialists we
met, we tried out our module in two different industrial situations.

The first case was treated at a large automotive supplier, manufacturer of
windshield wipers, the second in a steel industry in continuous annealing
processing. The two cases treated summarized with their essential question was
expressed to us the following way:

e C(Case l: How to provoke the evolution of the windshield wiper from its
present generation to its future?

e Case 2: How to decrease the amount of production stops in the manufacture
of flat carbon steel sheets in continuous annealing processes?

Following the contradictions synthesis process in our two cases, we obtain the
following results (figure 5):
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Figure Sa&b Graphical results (Dots clouds) of the two case studies
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2.5. Analyzes of the R&D decisions following the interpretation
of the graphic data

In Case 1, the R&D decider agreed to engage the resolution of the TC3.12. This
contradiction is placed on the left higher corner (see figure 5a). The current status
of this case study is that several Solution Concepts have been disclosed out of the
problem solving process and two of them are currently under patent applications.
Another partial result is that an R&D activity has been launched and consists in
building a specific machine for measuring accurately the impact between several
critical Evaluating Parameters since some of our assumptions during the meetings
have found unprecise answers. In order to move further regarding this issue, it has
been decided to engage a relation with a subcontractor to build the manufacturing
means to perform these tesings and procesely characteraize the relation between
these EPs.

In Case 2, the study group in agreement with the person in charge of the
project, decided to engage the resolution of following contradictions: TC6.1 —
TC10.3 — TC2.8 — TC1.7 placed within and above the highlighted zone (see figure
5b). After the solvinf part of our activities, eleven solution concepts have been
disclosed and classifyed in six different categories. Three categories have been
placed in R&D activities priorities while one category has been sent to a
subcontractor for calculations and characterization of the solution. The current
status is that calucations came back with positive results, confirming what we felt
during the sessions. The next step is to engage the realization of a prototype on a
testing site for validation of calulation results.

3. Discussions

3.1. On methodology related to the choice

By considering as a starting point contradiction, let us remind that it is possible to
implement the methods and tools brought by TRIZ the following way (figure 6).

We are then facing with a set of techniques which can be implemented to
converge towards Solution Concepts recognized as inventive if they indeed solve
at least the initial contradiction. Our objective is definitely not to obtain a large
amount of concepts, but to increase the effectiveness of the problem solving step,
it is thus important to choose only a reduced amount of contradictions, but to
choose those which will increase the potential, when associated to their
synthesized concepts, to significantly impact on the problem network we started
with.
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Figure 6 Addressing a contradiction with tools and methods brought from TRIZ

Another advantage of such a computerization is that it makes interactive and
dynamics the graphic model established and the strategy of choice that the
designer may start with is eased. Thus, if the set of contradictions (cloud of dots)
on the graph is directly related to its values X, Y and Z, the designer can, for
instance, decide to modify the parameter Y and to allocate a different ratio of
importance to EPs since a particular strategy justifies it. It was the case in our
study 1 where two parallel objectives were to be proposed to the decision makers.
The first consisted in adopting a design of windshield wiper aiming at reducing
the production cost without making compromise compared to the performances
produced. In the same time, the R&D of this company wished to compete with
another equipment supplier on several markets (with car constructors) by offering
a new product whose performances would be increased and would allow him to be
placed over its direct competitors by the originality and the effectiveness of its
solution. These two approaches required engaging the resolution of different
contradictions. They were re-stated ahead by a quasi-instantaneous rebuilding of
the cloud thanks to computerization. The draback of such a freedom is that
parameters value may be adapted until an expected result is reached. It is therefore
important not to engage a value modification based on an individual designer’s
desire but until a majority of team members commonly agreed on a modification
based on quantitative physical realities (not on personal wishes).

In the case of flat steels, four contradictions were chosen by the group of study,
some of them not being located on the upper left front. This choice can be
explained by the decision of the group to address a wider ways of resolution of the
set of problems settled at the beginning. The strategy was here to isolate a reduced
amount of contradictions but resulting from different APs. Indeed, to address two
or several contradictions from the same AP often invites us to concentrate during
the solving phases on the same operational zone. The resultant is that the solution
concepts sometimes emerge in a recurring way from one contradiction to the
other. On the other hand, when the AP at the origin of a contradiction is different,
we have a new angle of observation of the problem and the concepts which
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emerge give solutions of another nature. The objective of the second company
being to eliminate a large amount of problems from the starting network, we
concentrate our R&D efforts in a larger set of directions so as to eliminate a
maximum of problems as a result of this new strategy.

3.2.  On the universality of the process

Another remark to be formulated relates to the fact these two companies present a
significant organizational structure, and problems of a very different nature were
expressed. The first one expressed a problem of product evolution, whereas the
second expressed a set of problems involved in a manufacturing process. We thus
observe that our procedure, associated the notion of the generic management of
complex problems, is not significantly influenced by the nature of the addressed
situation. The limits of such an assertion are related to the fact that the two cases
presented an identical corpus of knowledge from the fields of mechanical
engineering. However, it is already an emerging universality and our further work
will aim to test it in distant fields than traditional engineering disciplines.

3.3.  On the positioning of the process regarding TRIZ body of
knowledge

From our investigations of TRIZ body of knowledge and the synthesis we made in
the past, we remarked only rare contributions evoking the concept of management
of multiple contradictions [12]. In spite of the fact that Altshuller himself evoked
these problems, the convergence towards a relevant contradiction was only rarely
addressed. In the software proposals where partial TRIZ elements can be found,
some attempts at listing problems were made, but they do not rely on the
axiomatic expression of a contradiction as recommended by one of the
fundamental axioms of TRIZ. Some other work are currently expressed through
the research around OTSM-TRIZ [13] but up to now a pragmatic way to support,
operate and compute these problems is still not published in international peer
reviewed journal or conference.

4. Conclusions and further works

It has been observed, through two industrial studies, that the process at the origin
of this article contributes to the formalization of inventive practices in R&D. Not
only because it implements a pragmatic way to operate the fundamental of TRIZ,
but also by the fact that such a computerization is likely to facilitate the adoption
of new practices in companies. It remains however many axes in which further
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research is necessary. Among those, the formalization of organizational
procedures to be integrated and adapted to companies typologies, customized to
initiate an evolution of their design practices. Another one is the adaptation of
Artificial intelligence techniques to automatically capture in texts, necessary
knowledge to the gathering of contradictions in specific fields [14]. Our approach
therefore has perspectives to evolve, compared to its first data-processing
presented versions. We also note that it appears legitimate in the long term, to
observe its output interfaced with the traditional CAD tools [15]. But there is still
a consequent a gap to be filled prior to this. The one which separates an emitted
inventive concept in a theoretical form and the necessary whole set of elements
provoking its morphological characterization.
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Abstract: In the past years, great advances have been made in the development of
ontologies applied to the field of engineering design, essentially in functional and
structural models. OntoFaBeS is an ontology whose objective is to formalize the
knowledge about a product in order to infer different structures of that product
from functional requirements set by the user. Hence, an effective tool capable of
assisting the designer in the rational design phase is created. OntoFaBeS does not
only provide the product redesign, but also allows for the evaluation of the
different design alternatives created. OntoFaBeS can also capture the knowledge
obtained from queries. This knowledge may be represented later in a CAE system.
In order to illustrate the operation of OntoFaBeS, a mechanical pencil is used as an
application example. This allows for a thorough assessment of the ontology
design, wherein a query proves the ontology’s ability to infer knowledge.

Keywords: Ontology, conceptual design, FBS, OntoFaBeS

1. Introduction

The end goal of Engineering Design is the conceptual creation of an object,
product, system or process that meets functional requirements in order to fulfill
the customer’s needs in a workable, economical, ecological and manufacturable
way. The development of technologies based on artificial intelligence and CAE
(Computer Assisted Engineering) has facilitated access to information related to
the structure and form of objects, although design know-how used in the
conceptual design phase remains hidden due to its subjective nature and
implicitness [1].

The development of KBE (Knowledge-Based Engineering) systems is aimed at
improving this aspect [2, 3]. Nonetheless, the full use of these technologies is
limited by the impossibility of fully reusing and sharing knowledge in KBE
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systems, along with the lack of common knowledge from which to create a
knowledge base and the limited success of methodologies for the extraction of
knowledge [4, 5].

In the field of engineering design, more and more attention is being focused on
the development of ontologies as a possible solution of the aforementioned
deficiencies of KBE systems. This progress includes knowledge sharing and the
development of a standard engineering language. One development of particular
interest is to provide a structured basis for navigating, browsing and searching
information through the hierarchical descriptions of the ontology [6, 7].

An ontology can be described as an explicit specification of a shared
conceptualization, which can be taxonomically or axiomatically based [8].
Ontologies can be based around a single taxonomy or several taxonomies and their
relationships [9]. Taxonomies consist of concepts and relationships that are
organized hierarchically and whose concepts can be arranged as classes with sub-
classes [10, 11].

The structure of an ontology should be based on a taxonomy that allows for the
modeling of a system based one certain functional descriptions [12]. In this way, a
great diversity of methodologies for analysis of design process based on the FBS
(Function-Behavior-Structure) framework have been modeled [13-16].

Notwithstanding, Suh [17] describes design as a zigzag between functional
requirements and design parameters and Veyrat [18] questions whether design is
actually a direct mapping between functions and structure. In order to resolve this
question, we combine the concept of the OntoRFB (ontologically clean Functional
Basis), Garbacz [12] based on DOLCE (Descriptive Ontology for Linguistic and
Cognitive Engineering) [19] and the model B-FES (Behavior-driven Function-
Environment-Structure) [20, 21] and create a new ontology with special emphasis
on the importance of behavior as the link in the FBS framework.

The purpose of this paper is the design of an ontology for the formalization of
knowledge about a product, in order to infer different structures of that product
from functional requirements set by the user, with the objective that knowledge
can be reused and shared between different applications.

The paper is organized as follows. The next section briefly overviews the
different approaches to the FBS framework. On the basis of the ontology that is
being proposed, ontologies for Engineering Design are discussed in detail in
section 3. Section 4 broadly describes the FBS framework of OntoFaBeS and a
skeletal plant of the structure of the OntoFaBeS ontology. In order to illustrate the
function of OntoFaBeS, a mechanical pencil is used as an example in section 5.
Section 6 discusses this work, followed by concluding remarks.
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2. FBS framework

Though the terms function, behavior and structure had been used before, it wasn’t
until 1990 that they were clarified and used to define a framework to model and
represent system functionality [13, 22]. In the FBS framework (Function-
Behavior-Structure), function represents the functions that the system performs;
structure represents the physical elements of the solution and behavior acts as the
relationship between F and S. In design synthesis, behavior is derived from an
intended functionality in order to reach a solution from it. When a solution is
defined, its behavior is deduced from it to evaluate if the solution reaches the
intended functionality. Then, behavior is related to the design physical state,
which may be static or variable with time.

The FBS framework can also be used as a methodology for analyzing the
design process, through the representation of the evolution of design state from the
analysis of design protocols [23].

Roughly speaking, two approaches to FBS can be distinguished [24]. In the
first, one relates functions to behaviors of an element, and then relates these
behaviors to structural-physical descriptions of the elements. In the second
approach, one models functions of objects in terms of inputs and outputs, and then
relates these functions directly to structural-physical descriptions of objects (e.g.
[25]).

The first approach was developed by Gero [22], who proposed a Function-
Behavior-Structure model of designing, and by Umeda et al. [13], who proposed a
Function-Behavior-State model of designing. The second approach is known as
the Functional Modeling approach which considers behavior as the mathematical
representation of the states of a device [14, 26-28].

We will focus on the first approach since it considers behavior as a key concept
that suggests a clear ontological ordering: technical objects have their physical
structure. This structure, in interaction with a physical environment, gives way to
the objects’ behaviors; and these behaviors then determine in some way the
objects’ functions [15].

Several investigations have been developed with respect to this approach.
Mizoguchi et al. [1] use the FBRL (Function and Behavior Representation
Language) model based in the work of Sasajima et al. [29] and expresses behavior
as a conceptualization of the change of attribute values in the spatio-temporal
space over time. Also, they consider that function is a teleological interpretation of
behavior under a given goal.

The possibilities of search, exploration, combination and selection systems
based on FBS representation have increased thanks to the B-FES model proposed
by Tor et al. [21, 30, 31]. This model is an extension and a refinement of the dual-
step function environment-behavior-structure (FEBS) modeling framework by
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Deng et al. [32]. This model has been chosen by the authors because it maintains a
clear ordering, which permits the establishment of direct relationships between
function, behavior and design. However, structure is only considered on a
superficial level.

After reviewing the above research efforts, it is evident that there is no
integrated approach to modeling and a lack of a stable conceptual framework [33].
This is occurs mainly with respect to the concept of behavior. For example,
Vermaas [34] indicates that the Functional Modeling approach does not manage to
achieve an efficient relationship between those structures whose behavior is
necessary in order to link with the function area. In the same way, in these
situations behavior is partially subjective because depends on the designer [15].
Borgo et al. [15] formalizes behavior in order to consider it as ‘a relationship
between the object and the event in which it participates’. This analysis is carried
out within the framework of the DOLCE ontology [19].

3. Ontologies in Engineering Design

In this section, we briefly discuss ontologies in the domain of engineering design.
Generally, ontologies can be categorized by the subject of the conceptualization
[35], among others:

Top-level ontologies or Upper-level ontologies describe very general concepts
(e.g. substance, tangible, intangible) and provide general notions under which
all root terms in existing ontologies should be linked.

Domain ontologies are reusable in a given specific domain (engineering,
manufacturing, design, etc). These ontologies provide vocabularies about
concepts within a domain and their relationships, the activities taking place in
that domain, and the theories and elementary principles governing that domain.

Task ontologies describe the vocabulary related to a generic task or activity (e.g.
diagnosing, scheduling). They provide a systematic vocabulary of the terms
used to solve problems associated with tasks that may or may no belong to the
same domain.

Application ontologies are application-dependent. They contain all the definitions
needed to model the knowledge required for a particular application.
Application ontologies often extend and specialize the vocabulary of the
domain and of task ontologies for a given application.

In the domain of engineering design, such ontologies can be categorized into
task ontologies and domain ontologies. As one of the principal ontologies of the
Semantic Web, DOLCE is an upper-level ontology related to the area of
engineering design. Thus, the goal of DOLCE is to provide a common reference
framework for ontologies in order to facilitate sharing of information among them.
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In its representation, DOLCE aims at capturing ontological categories underlying
natural language and human common-sense [19]. Thus, OntoFaBeS uses DOLCE
as a common upper-level ontology in order to alleviate the integration problem.
This kind of action is a frequent approach in ontological engineering [7].

Based on an extensive study of different design theories, Garbacz [12] puts
forward the OntoRFB, a taxonomy of artifact functions based on DOLCE and on
RFB [36], analyzed from a perspective of philosophical logic. Table 1 illustrates
the actions of OntoRFB taxonomy.

Table 1 Actions of OntoRFB taxonomy.

Spatial Location Topological Energy
conectedness
Quale region Locate Connect Branch Energate
Achieve Reach Touch Split Switch
Accomplish Channel Attach  Disjoin Load
Mantain Moor Join Cleave Conserve
Process Move Bind Carve Energize

Gero, who improved his former study of FBS representation, establishes the
basis for the computational modeling of process to support the design process
based on the FBS representation [37]. He also developed the term “FBS
Ontology” to refer to his model, although he did not develop a taxonomy, taking
into account its own definition.

Engineering Design Integrated Taxonomy (EDIT) [8] consists of several
taxonomies and their relations. As the integrated taxonomy is populated with
instances, the relationships between concepts (or multiple concepts) are captured
and the ontology emerges. Ahmed developed the EDIT ontology for the purpose
of indexing, searching and retrieving design knowledge.

The DO (Design Ontology) is related to this work. Storga et al. [38] created the
DO as a potential formal description of the shared engineering knowledge in
design domain. Along these lines, Ahmed and DO created a comparison between
both, where the DO is described as ontology conceived to describe design as a
product. On the other hand, the EDIT was established design as an activity,
incorporating the process as well as the product [8].

The majority of design ontologies that have been reviewed were mainly
designed to facilitate knowledge sharing through well-defined ontological
definitions. Applicability of ontologies for specific applications either remains
unknown or they demonstrate their findings with very simple examples also
known as “toy examples” [33]. That is, those consulted were not based on
empirical research and therefore it is not possible to assess whether the ontology
or taxonomy would be intuitive when used to index design knowledge [8]. The
ontology developed by Kitamura et al. [39-41] is the only one that manages to
develop a domain ontology and apply it to a practical example by means of the
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SOFAST® program. However, the complexity of Kitamura’s model makes its
practical application difficult [41].

There exists a great diversity of languages for ontology representation,
although the most frequently used is the OWL (Ontology Web Language).
Nonetheless, the majority of ontologies developed in this field do not make use of
this standard language. OWL language allows for the use of logic, particularly in
the form of predicate logic (also known as first-order logic), which allows for the
inference of new knowledge by means of a query based on reasoning [12].
However, only the AsD ontology [42] makes use of this application to the area of
manufacturing, and is also the only one to link the results of the ontology with a
CAD program.

In conclusion, current ontologies in engineering design have certain failures.
The lack of a diverse application of the concept of ontology within the FBS
framework, the lack of practical examples on an industry level, the lack of
homogeneity or the superficial application of the capacities of an ontology are all
issues to consider. In the following section, by means of OntoFaBeS, we will
propose an attempt to resolve these problems.

4. OntoFaBeS

In this section, we introduce OntoFaBeS, an ontology which formalizes the
knowledge about a product in order to infer different structures of that product
from functional requirements set by the user, with the objective that knowledge is
reused and shared between different applications.

OntoFaBeS is a domain ontology partly based on the B-FES modeling
framework [21, 30]. It has been adapted to facilitate its modeling as an ontology.
OntoFaBeS acquires its formal framework from the primitive notions defined in
the DOLCE ontology [19], developed using the Protégé tool [43] and written in
OWL, the standard ontology language.

The characteristics of OntoFaBeS have been defined with respect to its
framework, function layer, behavior layer, structure layer and knowledge
inference.

Framework

First, the connections between function and behavior were established, and
then the connections between behavior and structure (Figure 1). The objective was
to create a simple distribution. In part, this allowed for the construction of the
taxonomy, while also facilitating the creation of logical rules upon the creation of
the ontology.

Function Layer

The definition of the concept function (F) was established as the inherent action
of the design that is being processed. As a result, actions carried out by elements
as independent units outside of the design environment were excluded (e.g. the
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action carried out by a screw in an object is not a function). In this ontology
design, the possibility of defining functions with natural language was considered,
as well as the option than an object could have more than one function.

Function
fayer

Behaviour
layer

Structure
layer

Figure 1 OntoFaBeS framework.

Behavior Layer

A new perspective was established, based on the definition made by Borgo
[16], by considering the actions in Table 1 as behaviors. The behavior (B) is tied
to an action with respect to an element. In the aforementioned taxonomy, the
proposed classification of actions is always linked to an element constituent of
part of the structure.

Structure Layer

A layer dedicated exclusively to structure was considered. It was organized in
such a way that the elements of the structure phase could be linked with each other
and with the behavior layer, taking into account the difference between parts (P)
and assemblies (A). Since the proposed model could be made up of a large
number of elements, the bases of modular design [44] were incorporated in order
to optimize the assembly phase.

Thus, each part of an object, as part of a structure, has an implicit relationship
with other parts or assemblies.

Knowledge Inference

Once the content is stored in the ontology, OntoFaBeS could capture the
knowledge obtained from queries in order to directly relate the functions with the
structure that would fulfill the requirements. This would allow the structures
resulting from a java application to be represented later in a CAE system through
an interface, after giving the program the necessary parameters to define the
dimension of the parts. From the relationships created by the ontology, we can
determine which elements could constitute the assemblies and their corresponding
parts.
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In this way, OntoFaBeS achieves an integrated approach to the FBS model due
to its clarity, solid structure and simplicity. The use of a limited table of behaviors
results in a detailed analysis of the knowledge that makes up the design. Also, it
allows for the use of the logical bases of an ontology, by contemplating the
possibility of inference. This creates great flexibility for considering different
options, not contemplated or directly restricted.

5. Mechanical Pencil

A practical example has been considered in order to demonstrate the capacity of
the use of an ontology as a base for translating the FBS scheme. It is the same
example as previously employed by Gershenson [45]. It consists of a basic
example, of which a detailed list of functions, behavior and structure is available.

A mechanical pencil is a metallic, wooden or plastic instrument that contains
leads and is used for writing. It consists of a mechanism made up of four modules:
Sleeve/Tip, Clutch/Teeth, Barrel and Cap. (Figure 2)

Figure 2 Mechanical Pencil.

The pencil is thus made up of the following elements: barrel, cap, clutch,
sleeve, spring, tip, teeth and tube.

By establishing the FBS scheme for this example, we find that the function of
the pencil is: write. According to the organization established by OntoRFB
taxonomy [12], the behavior of the mechanical pencil with respect to the function
write is to carve. We must also consider that the constituent elements are made up
by the aforementioned four modules.

Each module of the example has the following behaviors:

e Barrel Assembly: /ocate (contains the leads within the pencil) and touch
(allows for the pencil to be held)

e Pencil mechanism (Clutch/Teeth Assembly): attach (holds the lead) and
channel (it channels the lead out of the pencil).
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o Spring: move (by offering resistance and allowing for the gradual
advance of the pencil lead)
o Clutch: touch (allows for the pencil to be held)
o Teeth: attach (holds the lead)
o  Tube: moor (supports the lead so that it can be propelled by the spring)
e Cap: branch (allows the clutch to be propelled forward).
o Pencil tip (Sleeve/Tip Assembly): attach (holds the lead) and reach (the lead
reaches the paper)
e Pencil lead': carve (it erodes upon contact with the paper)

A behavior that describes the union of all the elements is connect, which
establishes relationships between the elements that make up an assembly (e.g.
cone connects spring). This lets us establish one of the essential logical rules
established by the ontology, which will allow for the inference of knowledge.

These are the behaviors that allow the mechanical pencil to fulfill its function,
to write. Nonetheless, these behaviors when linked to other elements can, in turn,
lead to other functions. For example the tube, with different dimensions can be
used in another design to conduct water, maintaining the same behavior but
linking to completely different functions. These other functions can be fulfilled by
other elements, which is how the inference of information is carried out by
OntoFaBeS.

These are the behaviors that allow the mechanical pencil to fulfill its function,
to write, since with the knowledge acquired by the ontology, it is concluded that
the main part is the pencil lead and it must be connected to the next assemblies:
cone/tip, clutch/teeth, barrel and cap.

Nonetheless, a behavior when is linked to other elements of a design can, in
turn, link to completely different functions maintaining the same behavior. These
other functions can be carried out with the help of other elements, which is how
the inference of information is carried out by OntoFaBeS. For example the tube,
with different dimensions can be used in another product design as a pipe. In that
case, it would maintain the same behavior, fo moor, but would be linking to the
function fo channel water. Thus, the product would also need a water pump in
order to fulfill that function.

Finally, a query can be carried out from which the user can determine directly
the indicated structure (Figure 3).

Figure 3 Mechanical Pencil inferred.

The pencil lead has not been considered as a constituent of the pencil, since it is a consumable.
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6. Conclusion

We have introduced OntoFaBeS as an intent to unify the existing criteria in the
field of methodologies based on the FBS framework. This study illustrates the
design of an ontology formally based on the B-FES [30] and whose formal
framework is based on the upper ontology DOLCE [19], providing a novel
approach that is centered on design behaviors.

This work opens up a new perspective in the field of design engineering
methodologies. OntoFaBeS takes advantage of the formalization of knowledge in
ontologies, that is, the evolution of knowledge based engineering [4, 45]. This
results in a series of advantages that until now had not been dealt with in depth in
the field of engineering design, such as the automatic inference of new knowledge.

It is interesting to note that OntoFaBeS deduces the knowledge necessary for
the production of objects, based exclusively on the requirements established by the
consumer. This also demonstrates that the great majority of ontologies existing in
the field of engineering design are essentially taxonomies that give little
importance to formal logic and the possible inference of new knowledge.

The results of this study are not surprising however, if we take into account that
OntoFaBeS contemplates a novel focus on behavior within the FBS framework.
Nonetheless, a great deal of knowledge is necessary on behalf of the designer in
order to establish the relationships correctly. For this reason, the improvement of
OntoFaBeS is under development. Also, a wider scope of actions is being
considered, as well as a deeper analysis of the development of the functional layer.

The proposed example of a mechanical pencil demonstrates the importance of
the appropriate definition of the three layers that constitute the FBS framework
when it comes to constructing the ontology. This allows for the successful
establishment of the information queries. This is especially in the behavior area,
due to its role as the link between function and structure. It is important to note
that the simplicity of the example was intentional, as the initial application of a
new concept.

In future investigations, we intend to apply this model on an industrial level by
means of its use on an existing design. Work is also being carried out to develop
the ontology in order to apply it to areas outside of engineering design. At this
time, OntoFaBeS is being adapted to encompass other aspects of the design phase,
such as environmental aspects.
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Abstract: This paper discusses aspects related to the implementation of Design
Automation applications within Small Medium Enterprises (SMEs) industrial
context. It focuses the attention on some characteristics of the design process in
SME context, and highlights issues of DA in relation to the characteristics
previously evidenced. On this basis, it has been defined a methodology, named
MEDEA (Methodology per Design Automation), to develop DA applications; it
proposes a step by step roadmap and suggests methods and tools finalized to
developers more skilled on products and design process than on IT technologies.
Two industrial applications realized to evaluate the methodology are then
presented. They are based on two different approaches: the first suitable to
represent product structure and derived from Object Oriented programming and
the second based on design process representation.

Keywords: Design Automation, Knowledge-based Engineering, SMEs, Knowledge
representation, PDM/PLM

1. Introduction

In this paper we discuss aspects related to the implementation of Design
Automation (DA) in industrial context, in particular within Small Medium
Enterprises (SMEs) domain. This interest is justified by two considerations: first,
we consider DA an important tool to effectively innovate and improve design
procedures and, secondly, SMEs are the most interesting domain for this type of
methodology, particularly in Europe where they constitute the main productive
tissue.

DA can be defined as a set of methods, tools and applications that permit to
automate the design process; it can be applied to all the phases of the process,
from the conceptual to final one related to the production of technical
documentation. However, in our opinion, it well fits the detailed design phase
during which a technical solution is completely formalized. In particular, main
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benefits from a DA application can be achieved when dealing with products and
parts characterized by a well defined architecture and design process. Some
examples of products falling within this category are heat exchangers, gears,
machine tools and so on.

DA history matches with IT one; first applications were developed with general
purpose programming languages and concerned specific aspects of design process
such as kinematic analyses and synthesis. A remarkable improvement was gained
when CAD techniques was developed. The integration between CAD models and
programming languages permitted the development of automatic procedure to
configure parts and simple products [1]. This approach was enhanced by the
development of parametric CAD [2]; a lot of applications to configure parts and
products have been developed by using parametric models and programmable
tools such as spreadsheet. In SME:s this is actually one of more diffuse method to
develop simple DA applications. The described DA evolution is “design oriented”
and not focused on IT.

In fact, at the same time, a number of methods and tools derived from Artificial
Intelligence appeared; in particular, Knowledge Based Engineering (KBE) tools
based on Object-Oriented approach constitute the best approach to DA. They had
a relevant impact within aeronautical and automotive companies [3] [4]. Side by
side, researches on methods to acquire and formalize knowledge have been
started. Knowledge formalization is a fundamental issue, and several efforts [5]
have been carried out in this direction. KBE tools evolved from initial elementary
implementation to the actual one characterized by programming language,
powerful tools to define customized GUI and to integrate external programs (CAD
systems, FE solvers, spreadsheet, data base, etc.).

Today KBE approach is the best solution to implement DA in industrial
context; however its exploitation has not achieved relevant results, especially in
SMEs. This is mainly due to resources and skills required to implement such a
methodology.

In this paper we discuss the topics that, in our opinion, will permit a larger
diffusion of DA in industrial context. We first introduce main issues related to the
applications of DA concepts within SMEs domain, then a methodology, named
MEDEA (MEthodology for DEsign Automation), specifically targeted to SMEs is
presented as well as two case studies realized for its validation.

2. DA Issues within SMEs Industrial Context

In literature we can find various research works on DA methodologies [5-9] and
applications [4] [10-11]. However most of them concerns big enterprises, such as
automotive or aeronautical companies, characterized by a high number of skilled
people and HW/SW tools, only few applications SMEs [7][11]. We adapted DA
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approaches to fulfill SMEs needs developing a targeted roadmap to implement
KBE applications for such a context.

First, we carried out an analysis of the design processes in some SMEs to
identify design situations and issues related to DA. The development of a new
product is the result of two distinct sequences of activities: the first one dedicated
to define and detail the product architecture and the second finalised to dimension
system and parts, to choice components, to verify functional requirements. We
identified two typical situations. The first one focuses on the definition of the
product architecture; a family of press brakes for sheet metal bending is a typical
example. The design process is centred on machine architecture and based on
simple modifications of parts geometry; complex calculations are not required and
some choices are based on company know-how.

In the second case the emphasis is on the design process. An example is the
design of a shell-and-tube heat exchanger. The design process of such a machine
starts from preliminary thermal dimensioning, continues with conceptual
mechanical design and ends with detail one [12]. This articulated process requires
dimensioning, standard verifications, iterations, tasks very time consuming, up to
few dozen hours.

From this analysis we identify following requirements for a methodology
applicable to SMEs context:

- capacity to structure product and process knowledge optimising company’s
design processes;

- maximize the reuse and sharing of company knowledge [13];

- integrate systems and documents within an application for product automatic
configuration.

This means that a DA methodology has to deals with formalization and
representation of product/process knowledge and product data management. Thus
it necessary to identify and/or define proper methods and tools able to deal with
above mentioned issues and affordable also by people with non specific skills on
design automation, as typically happens within SMEs.

2.1 Product Knowledge Formalization

Several methods and tools are available in literature to represent knowledge
necessary to develop a new product. They permit to formalize knowledge at
different levels, capturing different aspects of the knowledge itself. In an
approach based on CAD experience, the representation of product architecture is
the first aspect to be considered. Gorti, S. R. et al. [14] Colombo, G. et al. [15-16]
indicate Object — Oriented (O-O) approach as the most suitable and adopted
technique to represent the product architecture, described usually as a tree. It
approach permits to represent with a logic order the functional structure of the
product and allows easily modifying, adding or deleting parts and subparts without
having to heavily modify all the code. Moreover, each part or component can be
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considered independent each other; therefore, it is possible to consider them as
small application, able to be applied to different levels of a tree structure of the
same or other products, inheriting parents’ characteristics.

To represent product knowledge, we propose to adopt UML Static Class
Diagram (http://www.omg.org/uml). This type of diagrams represents the
components and functional sub-assembly as O-O classes with associated
properties and methods. It is possible to define relationships among properties of
different classes, specifying the definition of the corresponding methods.

2.2 Process Knowledge Formalization

Typically, the development of a DA application requires a deep analysis of the
design process, i.e., the acquisition of the knowledge the technical staff uses to
design the considered product. This activity is particularly important for SMEs
because the implementation of a DA application often requires a re-engineering
activity to optimise the process itself and integrate company best practices with
engineering knowledge. Business process modeling techniques, such as ARIS
[17], IDEF (www.idef.com), UML (www.omg.org/uml) [18], can be used. There
isn’t a universal tool; the challenge is to find the right tool for the considered
problem. We propose to adopt IDEFO and IDEF 3 Process Flow (PF), even if
more recent techniques, such as UML Eriksson-Penker Business Extension [18],
have been developed.

Thanks to their graphic languages, IDEFO and IDEF3 models can be easy
understood and used also by people without a specific scientific background as
sometimes happens within SMEs, thus facilitating the communication among
work teams with different competences. This is particularly important to validate
the model with process experts and to ensure that collected information has been
correctly formalized in order to implement an adequate KBE application.

2.3 Knowledge Re-use and Sharing

This issue is particularly crucial in developing DA applications. Sainter [19] states
that “the concept of project knowledge reuse and sharing is where the product
knowledge can be shared within the same knowledge domain, but at different
locations and allows the domain knowledge to be reused in new situations”.
Cheung [20] states that Knowledge Reuse is the adaptation of explicit knowledge
(domain and/or strategic knowledge well formalized to be represented) of
successful practices so as to generate new and useful ideas. From these definitions,
we can ask ourselves what type of knowledge we can store to share and reuse. In a
KBE application one can identify knowledge referred to a single part, to a product
structure and to a design procedure.
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The first type is referred to the elementary and structured “pills” of knowledge
involved into product design; it concerns basic components that cannot be further
subdivided. For example, the knowledge involved in the choice of a screw
includes the rules for sizing the screw, the geometry to create it, the document to
refer to, the procedure to configure the specific item (as M 10 rather than M8X1.5).
This pill is considered as undividable; the same approach can be extended to all
the standard parts, some specific ones and sub-assemblies that can be used in
different products or contexts. Number and types of the elements stored in the
knowledge base depend on the KBE applications one intends to develop.

2.4 Integration between PDM/PLM and KBE applications

Another important aspect in the automation of the design process is the control on
the definition of new parts; in fact, a KBE application must use standard or
existing parts as much as possible. We think that the solution to this problem does
not to rely on the definition of a local database for the specific KBE application
but it should be based on the integration of the database managed by PLM/PDM
system. We propose an approach that consists in defining specific coding of stored
parts to make possible their automatic identification and selection. In particular,
the code should represent a set of information on the specific component; i.e., the
code should give information about geometry and other aspects such as assembly
procedures, adaptability to a specific use, etc... A similar approach was used also
in Group Technology to identify families of parts. We know that there are some
problems to generalize this approach, but the present research wants to be only a
first step in this direction.

3. MEDEA: A Roadmap for KBE Applications

On the basis of mentioned issues and our experience in this field we defined
MEDEA methodology that proposes a step by step roadmap to develop KBE
applications specifically targeted to SMEs. It is characterized by a reengineering
activity of the design process and the use of tools more suitable to engineers than
to IT experts. The possible process reengineering is related to the fact that often
small enterprises have high competencies on strategic knowledge but not in
domain one (standards, calculations and so on) and the development of DA
application requires first integration in this direction.
At high level, the methodology is based on four main steps:
= Specs definition: identification of DA application specs and the criteria to
make re-usable and sharable blocks of the product and process knowledge;
= Knowledge acquisition: collection of the knowledge related to the product
architecture, the design process and the definition of the integration
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strategies between the DA application and the data/document management
system, such as a PDM (Product Data Management) system;

=  Knowledge formalization: representation of product architecture (tree
diagram and UML class diagram) and of the process model (IDEFO and
IDEF3 diagrams);

s [ntegration with PDM/PLM system: definition of the interactions among
DA application, PDM system and end-users whose representation can be
done using UML activity diagram;

= Implementation of DA application using a KBE system.

The choice of the KBE tools to implement the DA application depends on the
considered domain. Depending on the KBE system, some activities of MEDEA
cannot be carried out. In fact, some KBEs are based on process representation,
others on product representation or even on a mixed product-process
representation. In any case, the proposed methodology remains unchanged.

In collaboration with some Italian SMEs, MEDEA has been validated with
various study cases: a shell-and-tube heat exchanger, a press brake for metal sheet,
a family of industrial mixers, a spring coiling machine, and a gear box.

In the following we describe two applications: one for sheet metal brake press
centered on product architecture and another one for gear box focused on process
representation and integration with PDM system.

4. 1" Case Study: Sheet Metal Brake Press

This case study concerns the automation of the design process for a hydraulic
press brake family characterised by a bending force up to 250 tons and bending
length up to 5 meters. It has been carried out in collaboration COLGAR Spa, an
Italian SME.

This is a typical example of product for which the designer selects a
configuration on the basis of few parameters (e.g., bending force) and proceeds
modifying parts sizes according to customers requirements.

In this case product knowledge has been acquired and formalised according to
MEDEA. The product tree structure and UML static diagrams have been
developed to describe relationships among parts and properties as well as design
rules.

Figure 1 shows the tree structure where one can note the subdivision of the
machine into three main functional sub-systems: bending group, frame and
accessories & security. Figure 2 portrays a snapshot of the UML static class
diagram representing the bending sub-system.
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Figure 1 Tree structure of the press brake family.

The development of the DA application required the following tasks:
= definition of the press brake tree structure;
= definition of the properties of each part, sub-assemblies and complete

assembly;
= rules representation;
= generation of parts and material databases;
=  creation of the parametric geometric model of each part;
= automatic procedure definition;
= development of the graphical user interface.

Figure 3 shows a partial view of the tree structure implemented where each
part, subassembly and assembly have been characterised by a set of parameters,
geometrical, functional, and technological and so on.

All the parts, the sub-assemblies and the final assembly constituting the press
brake were defined as well as their parameters; 3D parametric models of each part
were modeled with a 3D CAD commercial system. The procedures that manage
the complete dimensioning of the machine were represented by using the
programming language of the development tool.
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Figure 2 A partial view of the UML static class diagram for the bending group.

Figure 4 portrays the user interface to configure a brake press. The user
choices a specific model (in this case PS75, with a maximum bending force of
750 kN) and, once introduced configuration parameters (bending force, bending
length, distance between housing, gap depth, gap height and stroke), the
application dimensions automatically all the parts and assemblies, generates 3D
models, electronic BOM and 2D drawings. Figure 5 portrays the virtual prototype
of a press brake produced by the application, and an example of a 2D drawing.

Summarizing, the results of the application are the correct dimensioning of
parts and configuration of the entire product, the 3D CAD models and engineering
drawings of each part, the EBOM (Electronic Bill of Materials) and finally cost
estimation. In addition, with such an application the product development time,
according to customers’ requirements, has been dramatically reduced from some
days to about 40 minutes.
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Figure 5 3D virtual model of the press and a related 2D drawings.

5.2" Study Case: Gear Box

This case is focused on design process representation and integration between
KBE and companies’ data repositories for PLM/PDM systems to improve part
reuse process in mechanical companies. The process representation requires the
software definition of the activities necessary to complete the design of a product,
and the development of a DA application in this case, may be a direct mapping of
the tasks evidenced in process formalization.

The test case concerns the automatic design of a family of gear box.

As previously, before implementing the application with the KBE kernel,
knowledge acquisition and formalization are needed. A deep analysis of the design
process currently carried out within the SME has been performed to identify for
each activity the objects to be defined, the design tasks, tools, criteria and rules,
information sources, etc..

Figure 6 shows the main IDEFO diagram representing the design process
followed within the company. It forecasts four main phases: Define number of
shafts, Size gears, Size shafts and Size bearings.

As said, this test case deals also with the integration of the DA application with
PLM/PDM system; therefore it has been necessary to define proper strategies to
manage the interactions. We defined an approach based on the coding of the parts
to solve this problem. The code should summarize functional information on the
specific component. This method has some disadvantages due mainly to
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complexity and uniqueness of the code, but at the moment it seems the only
reasonable approach. As an example, the following is the code used to define a
specific gear (Figure 7).

Fatilgue_: Critical speed Bearing
i e analysis tilting
N. and
shaft type
~ ' DEFINEN.
OF SHAFTS
Rounds A1l
Per min
InoUT < tot and
gear type
3D gear models
SIZE GEAR
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NP N A3 bearings
Shaft 3D
type SIZE Gear box
BEARINGS Model
A \l\
PDM system L Bsasiigs
CAD system models
Electronic KBE system
preadsheels
INoDO A0 ‘TI’IOLO Design Process of gear box |N_

Figure 6 IDEF0 diagram representing the design process for a gear box.

ISRCMFAL50550

Figure 7 Code for a gear box.

The first four letters specify the type of gear (ISCR, cylindrical with right
teeth), the two subsequent letters the fit type (MF), the two final letters the body
type (AL), and, then, the teeth number, modulus and pitch diameter.

In such a way, to identify already existing parts, the KBE application can query
in an automatic way company’s data repositories. Moreover, such an approach
makes possible to reuse previously developed specific applications.
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We used as development tool a KBE system process-based. In this case, the
KBE kernel of the DA application is a “master” that pilots a lot of “slaves, each of
them executing a specific task. “Slaves” can be a spreadsheet, a CAD system, a
FE solver, a calculus tool, a PDM/PLM module and so on.

The implemented DA application comprehends several sub-processes, each of
them performing a specific design task, e.g., size bearings. These sub-processes
properly manage electronic spreadsheet containing all design rules for each system
components.

Figure 8 portrays the main window of the user interface where the designer
introduces the main design parameters (e.g., transmission power); then the
application automatically generates the code associated to the selected type of gear
box, and searches for an already existing configuration within the PDM system. If
it does not exist, the design procedure starts performing each design step through
the execution of corresponding sub-processes and spreadsheets. The application
can also proposes a standard solution but the designer can decide to accept it or go
on with the definition of a new gear box. Once completed the configuration
process, the system generates the 3D model of the final product. Figure 9 portrays
two different configurations: one with parallel axis and another with incident axis.
The applications developed can also used to train new designers. The possibility to
follow gradually the task sequence and the simultaneous control of design
parameters and rules allow the junior designers to easily and rapidly acquire the
knowledge necessary to work within considered context.

6. Conclusions

The paper discusses some aspects related to development of DA application
within an industrial context. It focuses the attention of some DA fundamental
issues related to the main characteristics of design processes carried out by SMEs.
A methodology, MEDEA, specifically targeted to SME domain, has been
presented. It covers all the aspects related to development of a DA application
and proposes tools to be utilized in contexts without high-level skills and IT
resources. The validation has been performed considering various case studies and
the direct involvement of companies’ staff more skilled in engineering than in IT
technologies. This permitted to verify the effectiveness and the applicability of
DA approach in SMEs. Two test cases have been described. The first has been
developed applying a more classical way, and using a KBE kernel derived from
the traditional approach based on Object-Oriented programming. The latter
presents a new approach: the KBE tool utilized permits a direct representation of
the design process. In such an application, KBE kernel has been used only to
represent all the activities of the design process; the execution of these activities is
left to specific slaves, implemented with different tools (CAD, spreadsheet, etc.).
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Finally, we can say that DA is a tool to innovate the design process and not the
product itself. Only a superficial analysis may consider an application to automate
the design process of a family of products as an obstacle to innovation; but it is the
better way to choice, configure and dimension parts and thus a powerful tool to
obtain new technical solutions.

Automatic Design of a gear box
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Figure 8 Application user interface.
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Figure 9 Two gear box configurations.
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Abstract: Inventive problems from many domains are usually problems we are
not able to solve. This problem insolvability is often due to the incomplete or un-
matched representation model of the problem that does not correspond to the given
problem. In this paper, we introduce two problem solving theories for the solu-
tionless problems: Constraint Satisfaction Problem (CSP) and dialectical based
methods and models (TRIZ). It is an exploratory analysis of both theories in order
to compare grounding approach and tools of both theories. Their potential com-
plementarities will be defined in further objective to improve problem solving
strategy for the inventive problems by matching the CSP and TRIZ solving princi-
ples. We consider that it will contribute to better understanding of non-solvable
problems, i.e. to improve representation models of the problems and to make the
problem solving more accurately.

Keywords: Constraint Satisfaction Problem, Over-constrained systems, TRIZ

1. Introduction

Problem solving methods could be categorized in accordance with their resolution.
One can recognize two kinds of problems: optimization ones, for which a solution
can be found, at least theoretically, by adjustment of the value of problem parame-
ters within the framework of a given model; and inventive problems, which re-
quires some changes of the model of the problem in order to be solved. Among
others, two different problem solving theories propose solving principles for such
type of problems: constraint satisfaction problem (CSP) and dialectical based
methods and models.

There are several reasons for choosing a CSP to represent and solve a problem.
Firstly, set of constraints is a natural medium for people to express problems in
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many fields and is easily understood by users. Secondly, CSP algorithms are es-
sentially very simple but can still find solution quickly. The constraint satisfaction
involves finding values for problem variables subject to constraints on acceptable
combinations of values [1]. Problems, where it is not possible to find valuation
satisfying all the constraints, are called over-constrained. These over-constrained
problems correspond to the solutionless optimization problems the solution of
which requires changing the initial model of the problem. Typical CSP solving
methods are designed for solving the optimisation problems; nevertheless several
strategies for dealing with overconstrained problems are proposed.

TRIZ [2] is a theory designed for inventive problem resolution in technical
domain, but several proposals have emerged to apply its axioms in other fields
[3]. One among its main approaches for problem resolution is to state the problem
in the shape of contradictions and use them for finding a contradiction free model
within the framework of given objectives. An interesting point is that TRIZ pro-
pose principles for separating the contradictory properties of a situation, which
leads to get satisfactory contradiction free model of problem.

We propose an exploratory analysis in order to compare grounding approach
and tools of both theories and explore their mutual complementarities. In order to
do so, we shall introduce concepts of representation model and solving principles
will be presented; for CSP and dialectical approaches successively. Then similar
points and differences of their model changing approaches will be defined and the
building stones for a comparison of their solving principles will be established. A
concrete example will be shown to illustrate this analysis. The evaluation of ap-
proaches for our purpose as well as ideas of their possible match will be discussed
in the conclusion.

2. Constraint Satisfaction Problem

In this section the basic notions of CSP concerning the representation model and
problem solving principles are introduced. Constraint satisfaction problems along
with constraint networks have been studied in Artificial Intelligence starting from
seventies. Constraint satisfaction has wide fields of applications, in areas ranging
from temporal reasoning, scheduling problems, expert systems and robotics to
machine vision.

2.1. Representation model

The basic notion of CSP theory is the constraint. It is a relation among several
variables, each taking a value in a given domain. A constraint restricts the possible
values that variables can take; it represents some partial information about the
variables of interest. A constraint satisfaction problem model consists of:
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e aset of variables X={x,...,X,},

o for each variable x;, a finite set D; of possible values (its domain),

e a set of constraints C={cy,...,ci} restricting the values that the variables can si-
multaneously take.

A solution to a CSP is an assignment of a value from its domain to each vari-
able, in such a way that the constraints are satisfied all together. In our applica-
tions, variables can describe the physical system parameters while constraints may
describe both relations between these parameters and given objectives. Over-
constraints problems are problems the constraints of which cannot be satisfied all
together.

2.2. CSP problem solving principles

The traditional algorithms for constraint satisfaction are not able to solve over-
constrained systems although the stochastic algorithms can maximize the number
of satisfied constraints. Therefore, some alternative approaches have been pro-
posed to solve over-constrained problems or generalize the notion of constraint re-
spectively. We give a simple outline of these approaches:

o Extending Constraint Satisfaction Problem associates some valuation (usu-
ally a number) to each constraint and enables relaxing of constraints according
to their preference level expressed by valuation. As the constraints in classical
CSP are crisp these alternative approaches propose to enable non-crisp con-
straints. Examples of such method are fuzzy CSP proposing a preference level
with each tuple of values between 0 and 1 [4], probabilistic CSP dealing with
uncertainty in CSP [5] or weighted CSP taking into account for example the
costs [6].

e Partial Constraint Satisfaction Problem is based on scheme of Freuder and
Wallace [1] that allows the relaxation and optimization of problems via weak-
ening the original CSP. Partial constraint satisfaction involves finding values
for a subset of the variables that satisfy a subset of the constraints. The method
“weakens” some of constraints by enlarging their domain in order to permit ad-
ditional acceptable value combinations on a “similar” but different problem
than initial given problem.

e Constraint hierarchies [7] describe the over-constrained systems of con-
straints by specifying constraints with hierarchical preferences. In many
situations we can state required (hard) and preferential (soft) constraints. The
required constraints must be hold but other constraints are merely preferences,
it is tried to satisfy them as far as possible, but solutions that do no satisfy soft
constraints may be generated. A constraint hierarchy consists of a set of con-
straints, each labelled as either required or preferred at some strength. An arbi-
trary number of different strength is allowed.
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o Alternative and generalized approaches propose general frameworks to
model features of various CSP problems. Among these approaches two ap-
proaches are the most popular. A compositional theory for reasoning about
over-constrained systems is an extension to constraint hierarchies permitting to
consider compositionality and incrementality in constraint logic programming
[8]. This theory defines a scheme for composing together solutions to individ-
ual hierarchies and shows that hierarchy composition can be expressed very
simply using multisets. The semiring-based constrained satisfaction is based on
the observation that a semiring (that is, a domain plus two operations satisfying
certain properties) is all what is needed to describe many constraint satisfaction
schemes [9]. In fact, the domain of the semiring provides the levels of consis-
tency (which can be interpreted as cost, or degrees of preference, or probabili-
ties, or others), and two operations define a way to combine constraints to-
gether. Other way, the semiring specifies the values to be associated with each
tuple of values of the constraint domain.

All these methods can be classified into two general principles:

e to state or evaluate preferences of the constraints or the combinations of con-
straints and to relax the “soft” ones (extending CSP, constraint hierarchies, al-
ternative approaches)

e to relax the original CSP by modifying some constraints in such a way that the
modified CSP has solutions.

For our purpose we will study these two general principles in their basic form:

constraint hierarchies and partial constraint satisfaction problem.

Constraint hierarchies specify hierarchical preferences of the constraints, hard
constraints are required and soft (preferential) constraints are satisfied as much as
possible. The solution of the problem is found by relaxing the soft constraints. In
constraint hierarchies [10], [7], each constraint is labelled by a preference express-
ing the strength of constraint — called labelled constraint. The labels can be ex-
pressed by names like required, strong, medium, weak and weakest. An arbitrary
number of different strengths is allowed. A constraint hierarchy H is a finite set
of labelled constraints. The set of constraints with the same label composes a
hierarchy level H;. A valuation for the set of constraints is a function that maps
variables in the constraints to elements in the domain of variables over which the
constraints are defined. A solution to the constraint hierarchy is a set of valua-
tions for the variables in the hierarchy such that any valuation in the solution set
satisfies at least the required constraints.

There is a number of reasonable candidates for the predicate better, which is called
a comparator. The comparator formally describes the idea that satisfaction of a
stronger constraint is strictly preferred to satisfaction of an arbitrary number of
weaker constraints. A detailed summary of constrained hierarchies and the solving
algorithms can be found in [7]. In general, there are two types of special algo-
rithms for solving constraint hierarchies: refining algorithms and local propaga-
tions.
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For our purpose, we retain that this approach can only relax the soft constraints
but change neither problem variables nor their domains. It is supposed that the
problem is not well stated and so one can modify or in this case relax the con-
straints. This may be relevant in some domain applications such as planning or de-
sign where the constraints do not need to be a part of the described physical sys-
tem. In this case the constraints make part of system objectives and do not
describe relations in the physical system.

Contrary to the constraint hierarchies, Partial constraint satisfaction problem
(PCSP) weakens both the constraints and the variables (their domains are
enlarged) to permit additional acceptable value combinations. It involves finding
values for a subset of the variables that satisfy a subset of the constraints [1]. The
goal is to search a simpler problem (the representation model of the problem) we
can solve. A problem space is partially ordered by the distance between the origi-
nal problem and the new simpler one. A problem space is a partially ordered set of
CSPs where order < is defined the following way. Let (sols(P) denotes the set of
solutions to a CSP called P: P1< P2 if sols(P1) is a superset of sols(P2). A solution
to a PSCP is a problem P’ from the problem space and its solution, where the dis-
tance between P and P’ is less than N. If the distance between P and P’ is minimal,
then this solution is optimal.

Four ways to weaken a CSP [10] are possible: 1. enlarging the domain of a
variable, 2. enlarging the domain of a constraint, 3. removing a variable and 4.
removing a constraint. All previous cases can be considered in terms of enlarging
the domain of a constraint only [1].

To solve the problem, partial constraint satisfaction problem weaken variables
and constraint domains thus the representation model is enlarged. Nevertheless,
PCSP does not permit to introduce a variable offering a new point of view (new
dimension) to the problem and thus permitting to solve it more accurately.

3. Dialectical approaches

This section focus our attention on methods and models of TRIZ, a theory for in-
ventive problem solving, based on dialectical thinking. One of the main character-
istics of dialectical thinking is that it places all the emphasis on change [11]. Dia-
lectics is looking for contradictions inside phenomenon as the main guide to what
is going on and what is likely to happen. Basing evolution of systems on the elici-
tation, understanding and resolution of contradictions is also one of the main char-
acteristics of TRIZ. TRIZ theory aims at understanding the way technical systems
evolve and developing methods and tools for inventive technical problems solv-
ing. The principles of TRIZ have been widely applied in many domains. One of
the benefits, which will be considered here, is the existence of models to represent
problems and of principles to guide the change of model from a non-solvable one
to a solvable one.
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3.1. Representation models

One of the main ideas of TRIZ based theories is to identify inside systems the con-
tradictions inherent to a problematic situation. In its original representation, con-
tradictions, in TRIZ, are defined at three different levels:

e Administrative contradiction, which is the definition of a situation where an
objective is given, but not satisfied.

e Technical contradiction, which is the expression of the opposition between
two parameters of a system, when the improvement of one factor implies the
deterioration of another factor.

e Physical contradiction, which objective is to reflect the impossible nature of
the problem by identifying one parameter of the system that has to be in two
different states.

Studies have been proposed to enlarge the scope of applicability of TRIZ princi-

ples and methods to problems not relative to technical systems. Among these stud-

ies OTSM-TRIZ proposed a description of the system of contradictions, which
proposes a link between a physical contradiction and two technical contradictions.

The system of contradictions is represented in bold in figure 1.

TECHNICAL CONTRADICTION 1

1

1

: to improve EVALUATION PARAMETER 1
: to improve MOUNTING IN THE BOBBIN
1

1

1

has to be VALUE 1
has to be LOW < but then it degrades EVALUATION PARAMETER 2
Action Parameter but then it degrades CIRCUIT BREAKER REUSABILITY
{of an element) + e e e DESIRED
Diameter | RESULT
of the firing pin i to improve EVALUATION PARAMETER 2
has to be VALUE 2:<: to improve CIRCUIT BREAKER REUSABILITY
hasto be HIGH | but then it degrades EVALUATION PARAMETER 1
i but then it degrades MOUNTING IN THE BOBBIN
]
PHYSICAL CONTRADICTION [ TECHNICAL CONTRADICTION 2

Figure 1 OTSM-TRIZ system of contradiction.

This system of contradictions is based on the existence of a physical contradic-
tion and of two technical contradictions that justify the need of the two different
states of the physical contradiction. The two technical contradictions are comple-
mentary as they correspond to the increasing of the first parameter that implies the
decreasing of the second; and of the increasing of the second parameter that im-
plies the decreasing of the first. The two parameters of the technical contradictions
are defined in [12] as taking part in describing the objective, they are called
Evaluation Parameters, whereas the parameter of the physical contradiction is a
mean to make the situation change, defined as Action Parameter.
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3.2. TRIZ problem solving principles

As there exist different levels of problem formulation, there exist, in TRIZ differ-
ent levels for problem resolution. In TRIZ one can recognize three empirical
knowledge bases used to guide the model change.

o A set of 40 principles combined in a matrix is proposed to guide the model
change for problems formulated as technical contradictions. For example, a
principle is: segmentation (divide an object into independent parts; or divide an
object into parts so that some of its part can be easily taken away; or increase
the degree of object segmentation).

e A set of 11 principles is proposed to guide the model change for problems for-
mulated as physical contradictions. For example, a principle is: separation of
contradictory properties in time.

e A set of 76 rules is proposed to guide the model change for problems repre-
sented through the characterization of substances and fields interactions
(“SFM” model in TRIZ terminology). For example, a rule is: If there is an ob-
ject which is not easy to change as required, and the conditions do not contain
any restrictions on the introduction of substances and fields, the problem is to
be solved by synthesizing a SFM: the object is subjected to the action of a
physical field which produces the necessary change in the object. The missing
elements being introduced accordingly.

4. A comparison of CSP and TRIZ

This chapter will at first establish complementarities and differences between the
previously defined models of problems’ representation coming from CSP and
from TRIZ based approaches. In a second part, the differences between the princi-
ples to solve problems and their possibilities to change the representation model of
the problem will be discussed in regard of their potential complementarities to im-
prove problem solving strategy for the inventive problems.

4.1. Comparison of representation model

If trying to build analogies between the two models of problem representation, of
the CSP and of the system of contradiction, one can notice that problems in CSP
are described by a set of variables and constraints on these variables. These con-
straints are of three kinds: required values for variables to satisfy the problem,
domain of possible values for variables, and set of relations between the variables.
In TRIZ-based approaches, problems are modelled by two types of parameters
(evaluation and action) and set of values. The evaluation parameters and their re-
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quired values define the objective of resolution, whereas action parameters and
their values define means to act on the problem.

Parameters in contradictions and variables in CSP models can be matched. The
main difference between CSP and contradiction models is that, contrary to CSP,
contradiction model differentiates evaluation parameters and action parameters.
Evaluation parameters represent the desired domain for solutions and action pa-
rameters impact system and so represent the possible domain of variables. In CSP
the methods to solve problems could operate both on evaluation and action pa-
rameters.

Let us consider an electrical circuit breaker. When an overload occurs, the
overload creates a force (due to magnets and electrical field) which operates a
piece called firing pin. The firing pin opens the circuit by pressing the switch, lo-
cated in the circuit breaker. In case of high overload, the firing pin, this is a plastic
stem, breaks without opening the switch. Components are presented on figure 2.

Cap
Mobile \ ‘B/ac" spring
core
\ < CRWterer,
it
o, (5
|
Fixed core Firing pin /

Figure 2 Components of electrical circuit breaker.

The problem has been studied and the main system parameters and their domain
have been defined as: Al: firing pin material (plastic — 1, metal — 0) ; A2: core in-
ternal diameter (high — 1, low — 0) ; A3: core external diameter (high — 1, low — 0);
A4: firing pin diameter (high — 1, low — 0) ; AS: spring straightness (high — 2,
medium — 1, low — 0) ; E1: circuit breaker disrepair (satisfied — 1, unsatisfied — 0);
E2: circuit breaker reusability (satisfied — 1, unsatisfied — 0) ; E3: spring core
mounting (satisfied — 1, unsatisfied — 0) ; E4: firing pin bobbin mounting (satisfied
— 1, unsatisfied — 0) ; E5: normal mode release (satisfied — 1, unsatisfied — 0) ; E6:
firing pin initial position return (satisfied — 1, unsatisfied — 0). The system behav-
iour was modelled by Design of Experiments and it is shown in table 1b.

The relations between system’s parameters are described in the form of equa-
tions representing constraints in the table la. As example the following constraint:
“If the firing pin material is plastic then there is an irreversible degradation of the
circuit breaker” is defined as “(A1=1) => (E1=1)" in the table la. The objective is
to satisfy all the constraints, i.e. all evaluation parameters are equal to 1. In the ta-
ble 1b we note that there is no such solution, so the problem is over-constrained.
The possible problem solving by constraint hierarchies and partial constraint satis-
faction problem is shown in 4.2.

The analysis of the data by TRIZ approach leads to the identification of a set of
contradictions among which the most important has been identified by experts as
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being the contradiction on the firing pin diameter, represented in italic in figure 1.
This corresponds to the set of constraints in the CSP approach that could not be
satisfied at the same time. So in general we are not able to solve the problem.

Since the comparison between the models is done, let tackle the comparison
between the solving principles, this will be the object of the next part.

Table 1 a) Constraints for CSP model. b) DoE for the circuit breaker example.

Constraints AT[AZ[A3[AZTAS[ET|E2[ES[E4] EB] EG

(Al=1) & (E1=1) T 11 ]0 10 |1 §1]O0| 1] 1] 1]1
(A1=0) = (E1=0) o 1" [t [T ol 1folo] 1]
(A2=1) ¥ (A3=0) ¥ (A4=1) D (E2=1) 1 /0 |1 10 |0 J1]0]1]0f0}0
(A20) % (A4=0) > (E2=0) 1 11 JoJo Jo 1111 ]o]o
(ABAD) @ (D) 1 Jo |1 Jo [t T1]ol1]of1]
o 1 Jo [n 2ol 1lo[1]1]H

(A3=1) @ (E4=1) 17 1o 1 [1 o [1]o]l1]olo]oO
(AS=0) < (E5=0) 1 Jo Jo Jo [T T1]olo[1[1]+
(A5#0)= (E6=1) 0 [1JofofaJo[1o[1]1]1

4.2. Comparison of solving principles

The first element of comparison between CSP and TRIZ is the aim of each cate-
gory of principles. A second element is the mechanism these principles use to
transform the problem model into a solution model.

Two over-constrained solving methods issued from CSP (constraint hierarchies
and PCSP) use relaxing of constraints while aiming and solving the problem. Con-
straint hierarchies will specify constraints with hierarchical preference and will re-
lax soft ones. This could be done on constraints concerning the domains of both
action and evaluation parameters and on constraints concerning the relations be-
tween variables. In our example, the evaluation parameters E2 and E4 described
by related constraints are considered hard and E1, E3, E5 and E6 are considered
soft without preferences between them. This statement of required and preferential
constraints is done by experts. In this case, the equivalent solutions are coloured in
grey in the table 4. The comparison of TRIZ solving principles with the constraint
hierarchies leads to the conclusion that such a type of hierarchy is implicitly pro-
posed in TRIZ. As the parameters in TRIZ are categorized into two kinds: evalua-
tion and action ones, and as the evaluation parameters are parameters that have to
be fitted to solve the problem, analogy presented in table 2 can be defined. To
solve the problem in constraint hierarchies it is possible to relax action parameters
as well as evaluation parameters and their constraints.
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Table 2 Parallel in modelling between TRIZ and Constraint hierarchies.

TRIZ CSP
Domains of Action Parameters Soft constraints
Domains of Evaluation Parameters |Soft and hard constraints

Generic principle of PCSP is the enlarging of the domain of a constraint; this prin-
ciple could lead to two totally different actions. Either the enlarging of the domain
will concern an action parameter; either it will concern an evaluation one. In our
case, we can enlarge the domain of the evaluation parameters E5S and E6 and so
the fourth line of the table 4 becomes a solution of the partial problem.

Relaxing a constraint when it concerns an evaluation parameter is something
that is not admitted in TRIZ-based approaches, as it is considered changing the
problem and not solving it. This is one of the main principles in CSP tools, to
change the problem into a less constrained one, but then it cannot always be con-
sidered as solving the initial problem. If the problem “how to live ten days without
water” is considered an over-constrained one, trying to solve the problem “how to
live two days without water” is not solving the initial problem.

Relaxing a constraint when it concerns an action parameter is changing the rep-
resentation of the system. This is something that can be considered in TRIZ-based
approaches. Resolving the previously described example of breaking circuit with
TRIZ methods leads to change the problem model. Bellow are given two methods
for guiding the change of model and their possible interpretation.

1. Separation in space: try to separate the opposite requirements in space. The
firing pin diameter is low in accordance with the bobbin diameter but high to
avoid breaking. This can be done by enlarging the bobbin diameter, this means
by locating the spring outside of the core.

2. Elimination of harmful interaction by modification of existing substances. If
there are a useful and harmful effects between two substances and it is not re-
quired that these substances be closely adjacent to one another, but it is for-
bidden or inconvenient to use foreign substance, the problem is solved by in-
troducing a third substances (modification of the existing substances) between
these two substances. A part of the fixed core becomes movable and acts as the
firing pin, thus the magnetic surface and the pin rigidity are increased. The pin
has a high diameter from the fixed core to the mobile core and a low diameter
but in a more resistant material from the mobile core.

The two presented rules to guide the change of model leads to the introduction
in the initial model of problem representation of a new action parameter: spring
location in the first case and fixed core mobility in the second one.

The table 3 summarizes the general comparison of two studied problem solving
principles — TRIZ and CSP.
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Table 3. Comparison of TRIZ and CSP models and methods for resolution.

TRIZ CSP
Action parameters Variables
Model of system  |Link between physical and technical [Domains of variables
contradiction Constraints
Objective Evaluation parameters + required Constraints
values
Methods to change |Enlarge domain of action parameter |Enlarge domain of variable
model Introduce new action parameter
Solved problem Initial problem New problem

5. Conclusion and perspectives

An exploratory analysis of two different solving theories was proposed in order to
compare grounding approach and tools of both theories. Now we will discuss
some advantages and disadvantages of each theory according to their capacity to
change the representation model of the problem for successful problem resolution.

The domain of CSP is quite well formalised by a fixed representation model.
There exists a number of proved solving algorithms and quite a lot of automated
CSP systems and informatics tools. On the contrary, CSP proposes only partial
resolution of the problem by constraint relaxing. This means that CSP does not
solve the initial problem but a new one which is sufficiently closed to the initial
one. This approach does not permit to introduce a new variable. In consequence
we cannot use any operator helping to pass from an actual representation model to
anew one.

The TRIZ approach aims at solving the initial problem that means it allows the
real change of the representation model. This approach distinguishes between ac-
tion parameters and evaluation parameters and thus specifies the unchangeable ob-
jectives. Its solving principles are independent from the application domain. The
big disadvantage is that there are neither formalised algorithms nor developed
software tools to extract and analyse contradictions for the moment.

We consider that the match of CSP and TRIZ solving principles will contribute
to better understanding of non-solvable problems. A new operator could be intro-
duced in order to improve a CSP representation model, i.e. to pass from an old
model that does not fit to a new one. Therefore the changed representation model
of the problem will make the problem easier to solve by actual solving strategies.
The possible strategy will be to search formal and computable CSP models which
can use dialectical approaches, or conversely enrich computable CSP models by
empirical data issued from dialectical approaches. The repetitive using of CSP
solving strategies can help to characterize partial solutions or optimums according
some criterion which is not possible in TRIZ approaches. On the contrary, CSP
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was not founded for inventive problems and so the model changing strategies are
very basic and could be improved by TRIZ methods.
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Abstract: Due to the increasing complexity of technical products and the
decrease in product development time (“time to market”) the urgent need for the
optimization of cross-skill engineering collaboration demands short-term
solutions. In this paper we will therefore introduce an approach to federate the
established engineering tools and processes on the basis of commonly shared
engineering models rather than to integrate or to harmonize them in a long-term
and highly complex development process. The underlying methodology for this
service oriented knowledge sharing concept will be based on a semantically
enriched, formal notation for the definition of the necessary data mapping &
linking between the different engineering models. Besides an introduction to this
new collaboration approach this presentation will provide an overview of the
state-of-the-art CA technology and artificial intelligence technologies capable to
contribute to the conceptual design of a short-term solution and point out the
individual shortcomings, that are currently addressed by an ongoing project at
PROSTEP in collaboration with the Université Claude Bernard Lyon and the
Université Louis Pasteur Strasbourg (France). The paper includes examples with
the first implementation of free form deformation algorithms, artificial neuronal
networks and functional DMU.

Keywords: Design Optimization, KBE, Conceptual Design, Multidisciplinary
Simulation, Mechatronics

1. Introduction

The hard competition in todays markets obliges companies to reduce costs and
time to market while pushing ahead with innovation. Customers demand high
quality products at low prices. Therefore, the development process has to be
optimized regarding not only the tools being used, but also the way of working.
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The integration of analysis modules (workbenches) in most design systems,
and therefore the emergence of simulation-driven design, has characterised the
last decades.

One way to improve development process is collaborative engineering. Today
several competence fields are involved in design phases and experts from these
domains have to work together. This collaboration involves data exchanges,
knowledge sharing and knowledge reuse. To tackle this problematic we are
collaborating with LIRIS! laboratory in Lyon, where a team is specialised in
collaborative systems and LSIIT? laboratory in Strasbourg where researches on
data mining and evolutionnary algorithms are performed, in order to model and
optimise the collaboration between experts in design phases.

Heterogeneity of data and tools is a big problem in collaboration. That can lead
up to errors and is time consuming. A solution to prevent misunderstanding is to
specify formally the domain where experts are working and its semantic. This
can be done thanks to ontology. Ontologies are used to define concepts and
relations in a domain, in our case a domain related to experts environment. They
also allow reasoning among concepts to discover new relations that are not
explicitly defined.

Modelling and specification of collaboration and of the domain can bring huge
time benefits because information will be understandable and reachable to each
participant and also reusable between experts and projects.

To push further the optimisation of collaborative work, we resort to artificial
evolution. At several level in collaboration, things can be represented under
graph from, for example exchanges between participants in collaborative design
and for each level different objectives can be defined. A method to enhance
current state of graphs is to use evolutionnary algorithms applied to graphs to get
nearer from objectives.

The merge of semantically defined domain with ontology and evolutionnary
algorithms is an interesting challenge which will certainly lead to an
enhancement of cross-skill collaboration and thus reduce time to market and
costs (see Fig. 1).

The most used approach is CAD centric. Generally, the basic CAD systems
have been enhanced with Simulation modules (FEM, Multi Body Simulations
etc), thereby enabling designers to perform first analyses before finishing the
design models.

However, further simulation types are not yet implemented. According to
most processes, CAD models are reviewed by senior designers and afterwards
confirmed by the simulation department. Thus simulation engineers run analyses
and make some change requests if necessary. After processing the change
requests, designers have to improve the models and run further reviews, until the
components are confirmed by the simulation department. Depending on some

: http://liris.cnrs.fr/
’ http://lsiit.u-strasbg.fr/
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factors, such as the complexity of the product to be developed, the size of the
company as well as its internal organisation, many loops can be run between
designers and simulation engineers.

This leads to a long product development time. Therefore, reducing the loops
between these departments, through the use of analysis tools embedded in CAD
tools, contributes to shortening the time to market.

These analysis tools may be used to perform first calculations and in certain
cases some standard simulations, which might have been defined by the
simulation department in advance.
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2. CAD Internal Analysis Tools

Examples of analysis and optimization tools embedded in design systems are
the Product Engineering Optimizer workbench (Fig. 2) and the FEM-Analysis
workbench of CATIA V5.

Additionally, some KBE features (Knowledge Based Engineering) can be
used to perform other analyses such as automatic variation of design parameters.
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Furthermore, simulation-driven design may rely on templates and processes,
which might have been defined by the simulation department in advance. In these
cases, designers run predefined processes in order to increase effectiveness.

However, the tools that are integrated in CAD systems are not appropriate to
solve some specific problems, such as surface optimization, which plays an
important role in disciplines such as aerodynamics.

In addition, these embedded tools generally have been developed in order to
be run on a single machine. Therefore, it is difficult to perform some analysis
without facing performance problems. This is especially the case when a
designer attempts to generate a big number of variants and to evaluate them in a
short time. Furthermore, the full potential of KBE techniques is still not used by
these tools, although they can support designers for tasks such as variant
evaluation.

3. Surface optimizer for Geometric Models

The optimization of technical components and products has gained significance
in the last decades and belongs nowadays to the classical activities of product
development.

Some application areas are the optimization of aircrafts wings in order
to influence the lift, the volume optimization in the mechanical engineering and
the area optimization in the automobile industry. Optimizations may be
performed according to topology, form, dimensioning and material. The
objective of form optimization is the deformation of a models area, without
topology modification [1].

3.1 Requirements for the Surface Optimizer

Among other requirements at the beginning of the development of the Surface
Optimizer, the quality of results and computation time were very important. In
addition, its integration into the CAD environment with which designers were
familiar, had a high priority. Given the fact that CAD models may be arbitrarily
complex, it was necessary to use an optimization method that was independent,
not only from the parameterization of the geometric model, but also from the
CAD system. The concepts had to be implemented in CATIA V5.

3.2 Concept

The high complexity of CAD models runs hand in hand with a big number of
optimization parameters. Therefore, the analysis and evaluation of the model to
be optimized can be a tedious task, because the number of model parameters
influences the computation time. Free-form deformation (FFD) is suitable to
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tackle these types of challenges, because instead of the CAD model, its
surrounding space is deformed [2]. Consequently, the optimization refers to the
parameters of the surrounding space.

However, free-form deformation is not an optimization method. Therefore,
algorithms are needed to compute the search direction of the target value and the
increment. After the evaluation of some optimization methods, the Quasi-Newton
method was selected because of its integration characteristics and performance.

The objective of the optimization was the minimisation of the CAD model
surface. The CAD model is then updated and visualized by users. For this
purpose, special functions are used by free-form deformation to move the
vertices of the grid surrounding the model [3].
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Figure 3 Generation of an object with minimal surface area according to constraints

3.3 Results and Integration into CATIA V5

The CATIA API (CAA) was used to integrate the surface optimizer into CATIA
V5. Concerning the users interaction, the scenario consists of selecting a CAD
model in the CATIA environment, fixing the areas that should be invariant
during the optimization and launching the analysis. Fig. 3 illustrates an example
of a simulation for which two areas (the ends) have been defined as invariant.

This solution differs from similar applications in that the optimization is not a
pure mathematical variation of parameters. Instead, designers can define
constraints with the interaction techniques they are used to. This is realised
through the selection of areas of the model defined as invariant. Designers are
therefore freed from the task of thinking about the mathematical foundations of
the program before performing optimizations.

Apart from surface and volume optimization, a further application area is the
packaging or enveloping of mechanical components. The principles of the
optimizer may be applied to quickly derive appropriate envelopes from
mechanical components or systems such as engines.
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4. EvoCAT: Using Artificial Intelligence to Accelerate
Conceptual Design

The phases of product design are planning, conceptualization, embodiment
design (geometric modelling) and elaboration (detail design) [4]. Processes for
the embodiment design as well as for the product elaboration phases are
supported by diverse computer aided tools.However, product planning and
conceptual design are still not efficiently supported.

Although diverse CAD systems have integrated optimization modules,
designers still have difficulty influencing the results, especially from a design
point of view.

The results that are delivered, for instance in the case of CATIA V5, are
summarized in a table, whereby an end solution is presented to the user.
Therefore designers have to analyse these values in order to evaluate different
configurations. This task is very tedious when a large number of variants is
available.

The challenge in this project consisted not only in generating variants, but also
in evaluating these variants and selecting a small sample of them. This should be
managed by designers. For this purpose, knowledge-based methods have been
implemented in order to perform some decisions, but also in order to reduce the
computation time.

EvoCAT is a system that enables designers to optimize models according to
specific criteria. It makes use of evolutionary algorithms in order to support
designers with optimizations in early stages of product development [5]. The
capacity of evolutionary algorithms used in this case is the ability to choose an
almost optimal variant from an arbitrary start population. Thus, these features of
EvoCAT are suitable for generating and evaluating concepts. However, a
productive use necessitated the involvement of further artificial intelligence
methods.

The optimizer (EvoCAT) interacts with many CAD sessions (CATIA V5 in
our case, but other systems may be used), which perform computations. Due to
the large number of computations that are performed, the time that is necessary
for completing optimizations is not satisfying without further adaption.
Accordingly, neural networks have been implemented with the objective of
taking over the job of the CAD system after a training phase. Practically, the
neural network that has been implemented approximates the computations of the
CAD system and enables, thereby, a reduction of the running time of EvoCAT.

4.1 Requirements

In fact, the aim of the main program consists in generating design variants and
evaluating them in order to free designers from that task. This would be
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impossible to fulfil without computer support, in view of the large number of
variants that are generated. Furthermore, the usability of the program is decisive.

A further requirement consists in enabling designers to use the optimization
system without needing the help of a software specialist to integrate certain
algorithms into the CAD system. Furthermore, designers have to be exempt from
the task of importing computed variants into the CAD system. In fact, many
optimizers deliver results outside of the CAD systems that contain the model.
Therefore data inconsistencies may arise when switching from one system to
another.

One of the well-known challenges of automatic variant generation is their
evaluation and classification, because very large numbers of variants may be
created. A solution had to be found, that enabled the classification of generated
variants and therefore provided designers with information that facilitated
decision-making. Accordingly, designers were to be exempt from checking many
thousands of variants.

4.2 Concept

The main building blocks that are used for generating and evaluating variants are
EvoCAT, the CAD system and an artificial neural network. In order to obtain a
high level of performance, the calculations are performed in a distributed
environment.

The technical approach of EvoCAT relies on using characteristics of
evolutionary algorithms. The latter emulate the biological evolution by
simulating phenomena such as reproduction, mutation, selection and survival of
the fittest. Moreover, the approach makes use of probabilistic rules. These
principles are applied in order to evaluate the variants generated by the CAD
system in respect of criteria that have been defined by designer EvoCAT is made
up of two main components, the server and the client. The server addresses the
CAD system and the artificial neural network as well. Results are sent back to the
client that enables visualization.

The geometric model is the basic element of the concept:

- Input and visualization are taken over by the CAD system

- The CAD system is used as a computation and simulation tool that
generates variants

- Data is available in diverse formats (CAD, CAE, export formats)

The third main component of the optimization system is the artificial neural
network (ANN) that is involved in order to reduce computation time.

The ANN is trained during optimization and evaluated after each training
session. Once the quality of the ANN has reached a satisfying level, it is involved
in the calculation of target functions. In fact, the ANN takes the job of the CAD
system by approximating its values; therefore EvoCAT obtains return values
quicker than if the CAD system would have computed them. Doing so shortens
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the running time of EvoCAT and consequently the reaction time of the system.
However, the quality of the results obtained remains decisive. Thus if the ANN
delivers incorrect results, it is set once more in training mode. For this purpose, a
monitoring approach has been realised.
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Figure 4 Lift distribution of a flying wing by extended flaps

4.3 Results and Integration into CATIA

EvoCAT has been applied for dimensioning and optimizing a flying wing. For
this study, an additional module was involved for calculating aerodynamic
coefficients.

The extended flaps increase the lift, however they change its distribution and
therefore worsen the induced drag (Fig. 4). In fact, the elliptical curve is ideal for
induced drag distribution.

The task of EvoCAT consisted in finding a wing form that provided an
elliptical lift distribution even if the flaps were extended.

For optimization purposes, a so-called K-factor [6] had to be defined. It
designated the ratio of the induced drag coefficient over the induced drag
coefficient of an elliptic lift distribution. In addition, the flight stability was
checked too. In so doing, it could be insured that the flying wing was not only
theoretically dimensioned, but also could fly stably.

The flight stability factor and the K-factor were combined to determine a
specific factor that was to be evaluated by EvoCAT.

As a result, an improved wing geometry that delivered best stability and lift
distribution was expected. For test purposes, a student who was a non-expert in
aerodynamics used EvoCAT, while an experienced aerodynamic engineer
analysed the problem. Both test persons obtained the same results. However, the
student was quicker.

The best variants that were computed by EvoCAT were visualized in CATIA
V5 using design tables (Fig. 5). Real tests have confirmed the results obtained.
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Figure 5 Carbon fibre reinforced flying wing with 2,6m wingspan

5. Functional DMU: Adjustment of Mechanical Components
with Control Systems

Whereas simulation fields are traditionally quite disconnected from design
(heterogeneous application landscape), one of the main choices for companies is
to adopt a multi-disciplinary approach to attain a global optimization of their
products. This is particularly appropriate for mechatronics, where mechanics,
electronics and software are involved in the development of the final product.

During the design of a mechatronics product, it is very important to manage
the interaction between the different disciplines, in order to develop suitable
solutions.

According to an Aberdeen Groups benchmark report [7], the challenges for
product development in the mechatronics domain rely on the link between
disciplines.

That study illustrates that three of the top five challenges of mechatronics
product development are related to a lack of integration in the development
process.

5.1 Requirements

Different levels of coupling CAD software and behaviour simulation software
have been proposed in the past, from the coupling of information in each
component to the development of environments that integrate all the simulation
domains [8, 9].

One of the main approaches currently used consists of extracting information
from mechanical design data and inserting it into the simulation model.
Traditionally, the transfer of information has been done manually, but automatic
or semiautomatic approaches have been developed to map behaviour models
onto mechanical models [10].

Although simulation tools enable the modelling of product behaviour, its
simulationand analysis of its results, they are not focused on managing geometric
information and its visualization in 3D environments. Therefore either the
visualisation of the product is not possible with these approaches, or 3D models
are reduced to simplified analogous models (Fig. 6). The perception of designers
is consequently limited.
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Figure 6 Simulation and visualization of a Stewart platform with SimMechanics [10]

Considering the arguments mentioned above, an interface that takes advantage
of both CAD and control system design software was to be developed. In
addition, the system had to enable simulation of the behaviour of a complex
product from the early stages of the development.

To ensure the numeric coherence, it was important to synchronize the
execution of both applications (CAD and behaviour simulation). Indeed, the
values that are used for computation in the simulation tool must continually
correspond with the positions and properties of the parts in the geometric model.

Furthermore, the realistic visualization of the simulation was mandatory.
Modifications during multi-disciplinary simulation had to be considered
immediately by the simulation loop in order to avoid data inconsistencies.

5.2 Concept

The CADSim Interface is independent of the software used for validation
(CATIA and MATLAB). In practice, the CADSim Interface has been designed to
be easily adaptable to other software. Therefore the tools that have been linked at
this time can easily be replaced by a different CAD and simulation system.

Furthermore, the creation of a concept for coupling mechanical and behaviour
models involves questions about the modelling of control system components
and the communication of both models.

Starting from the observation that in the physical world, there are elements
necessary to link the control system with the mechanical components, the key
elements of the CADSim Interface are sensors and actuators. They are
independent from both CAD and simulation-based applications, and they are
linked with modules that manage the communication with CATIA V5, on one
side, and with MATLAB on the other (Fig. 7).

5.3 Results and Integration into CATIA V5

The CADSim Interface has been developed in a project as an add-on for CATIA
V5, and it uses some methods provided by MATLAB to realise the
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communication between both applications (COM approach), which are running
simultaneously.

Changes performed on the models are immediately considered by the
simulation loop.
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Figure 7 Concept of CADSim Interface

In order to run the simulation, an arbitrary CATIA model is to be loaded.
After doing that, the user has to select the commands that should be considered
as actuators and the components on which sensors values are to be measured.
The CATIA specification tree is used for performing that selection.

In order to complete the configuration, the user indicates an arbitrary
MATLAB model that should be loaded to run the simulation. The sensors and
actuators of the geometric model are then mapped to corresponding objects of the
selected MATLAB model.

The configuration file that contains this information is saved. Therefore the
users are exempt from achieving configuration tasks as long as the same digital
models are adjusted. Various tests have been performed with models of aircrafts
and industry robots (Fig. 8).

Plots present the progression of current values and reference values during the
simulation. Coupling that information with the realistic visualisation, designers
and control system engineers can improve their digital models. In practice,
control system engineers may define preliminary prototype models with minimal
requirements (in fact features). Designers would already be able to adjust their
CAD models to some preliminary behaviour models stored in a library during the
first preliminary studies. That is the purpose of Functional DMU.

6. Summary

This paper has described projects of PROSTEP AG dealing with the reduction of
product development time through accelerating the design process, stimulating
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the creativity of designers and synchronizing the development of partial product
models.

An optimizer for surface minimization as well as EvoCAT for rapid
generation and evaluation of design variants has been described. In addition, an
interface that enables the coupling of mechanics and control systems for the
development of mechatronics products has been presented. The applications are
being steadily customized in order to satisfy the specific requirements of
different customers.
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Figure 8 CAD model of industry robot being controlled by a MATLAB model
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Abstract: Innovation is undoubtedly an essential part of the business process.
Innovation management is as important as quality management and customer
relationship management for the company success, independently of the business
area.

Computer-Aided Innovation is emerging as a strategic domain of research and
application to support enterprises throughout the overall innovation process. CAI
systems should begin at the creative stage of identifying business opportunities
and customer demands, then continue helping in developing phases and, further
on, providing help up to the point of turning those inventions into successful inno-
vations in the market.

In retail business, the way the offer is presented to customers is as important as
product quality, and it is this combined service that is the main purpose for inno-
vative solutions. Shoe retail business is a significant example where combining
creative possibilities with technology-based applications makes it possible to in-
troduce innovation in this branch of activity, particularly in the Portuguese busi-
ness structure, characterized by the prominence of large shopping malls where the
service itself gains an increased meaning.

Keywords: Innovation, information systems, shoe retail, creativity, CAl

1. Introduction

Retail business has been for long time an ideal field to implement new and innova-
tive solutions, as costumers are very demanding, competition is strong and the
business is mature, though constantly evolving.

In this business, innovation has to be very consistent throughout its stages: re-
quirements have to be clear, problem-solving has to be creative, the project has to
be very well planned, testing has to be exhaustive and implementation has to be
reliable, because normally the store operation isn’t interrupted. Since retail has a
very large costumer and transaction base, computer-aided innovation acquires
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greater importance in supporting considerably more complex operations, giving
the possibility to offer new services to the costumer and implement new concepts
in stores, usually in such traditional businesses.

This paper aims to evidence the importance of computer-aided innovation
within the retail sector, detailing the above mentioned concepts, when new con-
cepts are installed, new services are offered to the client and to shop assistants and
how does all this integrates in companies’ information systems. For this we will
analyze a project in a retail business, which will implement the concept of cos-
tumer self service in shoe stores and providing the shop assistants the necessary
tools to an efficient work, all integrated in the company main information systems.

In the next section, there is an insight of the business itself: the reason why it
came to light, the market competition, the retail environment in Portugal, its in-
vestments in specialized retail, leading to the need to innovate and think ahead, in
order to obtain competitive advantage and costumer attention, as supported by
Yadav et al. “Detection, development, and deployment require the awareness of
external opportunities and the anticipation of future events.” [1]

In the following section, the needs and requirements of this business concept
are detailed. Requirements are a critical issue in the innovation process and atten-
tion must be focused on the output of this activity.

Then it is explained the importance of information systems when innovating to
meet the business goals while requirements are checked to compliance of those.

In the final section, the benefits the solution can bring to the business are dis-
cussed, and how will they be measured, and the authors discuss what value this
analysis can bring to computer-aided innovation, and what value CAI can bring to
the retail costumer and the company itself.

2. The business idea

In our context, one may define business innovation as an idea or practice that is
perceived as being new by the adopting unit [2].

Market competition is fierce and becoming tougher as profit margins get
crushed each year. Competitors who have the most optimized processes — busi-
ness, technological, etc. — throughout the whole value chain are the ones who sur-
vive, succeed and grow. This includes dealing with procurement, suppliers, logis-
tics, distribution, and at the end of the chain, the consumer.

Portugal is no exception to this, as the concept of “traditional commerce” is
disappearing, while new large shopping centres are built and occupied by stores
belonging to large economical groups who have those processes very well driven
in order to provide the best products to the costumer at the minimum cost. These
investments changed consumer’s habits radically in a short period, innovating in
many ways: increasing the available choice the client, lowering the average price
of goods, introducing convenience of time and location, among others. Invest-
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ments were made to implement large hypermarkets where the costumer is able to
find almost everything and specialized retail stores focused on particular sectors.

But why a new shoe store business at this moment? The project we study in this
paper is under development to a major retail player in the country, which owns a
very large number of stores varying from food to consumer electronics, apparel,
clothing, etc. Since several years, shoes have been being sold in company’s stores,
consistently growing their sales volume, resulting from a well-planned strategy
that consists namely of controlling the whole product development process “in
house” to self brands as well as selling other suppliers brands. As a result and
along with this growth, administration and marketing professionals came to the
conclusion that it was possible to open independent shoe stores in order to explore
that market, as the whole business process was already integrated in the company.

Although it may seem that the market reached a saturation status, it is always
possible to find new ways of doing business, even traditional ones, and achieving
good results in a local or global market. In order to do so, innovation is manda-
tory: thinking ahead to foresee consumers’ trends and expectations and implement
them before rivals do so is vital to gain advantage, consumer attention and loyalty.

To support this innovation, and specifically in our case-study, information sys-
tems technology is used to create instruments which will provide services to the
costumers that distinguish these stores from others, as well as tools to help the
employees to better assist the clients, and thus providing the company fundamen-
tal data to compete, evolve and obtain its profit. Like this one, “some firms and
industries are making giant productivity strides through IT and some are achieving
new revenue streams and competitive advantages.” [3]

3. Requirements

Requirements are critical in any project, and even more so in an innovative one as
this. Care must be set on business needs, requirements and expectations in order to
build accurate technical specifications and provide the correct output.

The business team provided four main requirements for the new stores which
we had to follow in order to comply with the main target.

To begin with, the new stores would have be innovative and differentiate them-
selves from competition, building a new concept of shoe store. This was the key
business asset for setting the new stores, so as to find their space in market, cap-
turing costumer and media attention. In such a traditional business, implementing
a new chain of stores is a risk namely because of market conditions, so a different
kind of store would have to be developed, profiting from the constant search cus-
tomers do to what is new, as well as those who do not identify themselves with
conventional stores, thus trying to gain their loyalty offering good products, fair
prices and a new pleasant shopping experience.
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This leads us to another requirement, as in order to provide new and pleasant
shopping experience, the customer would have to be autonomous in the store,
from the moment he or she enters to the moment the payment is made. As Shaw
and Alexander referring to Humphrey and Bowlby, “The development of self-
service techniques (...) represents pivotal retail innovations of the twentieth cen-
tury that transformed the process of selling and the act of shopping.” [4] [5] [6]
Meanwhile he or she would have been able to browse the store looking for a prod-
uct, searching for styles, brands, colours, sizes, locating and trying them. This
requirement was set thinking of many factors of today’s culture, namely lack of
time, independence, eccentricity. With this concept, the costumer wouldn’t have to
wait in line to ask information to store assistants, saving precious time and energy.

In order to keep store operation costs low, few staff will be available in store,
thus the project would have to provide efficient tools to costumer, to the staff and
to the company itself. The few staff present in store will be able to perform their
tasks in a rapid, efficient and effective way, while assisting clients and operating
the store. All these include orders, payments, item location and inventories, among
others. These tools will have to be direct, reliable and usable.

The last requirement was that the store would have to be kept in order, as the
staff would have to be focused in customer care and operation itself, rather than
frequently resetting items in their original places. If a costumer picks up an item
and has to carry it more than a very short distance to search information about it,
the most probable consequence is that the product will be left somewhere else
other than its original location. Consequently, in these new stores, the costumer
will have no need of carrying items around and will only need to look up, press a
button, stretch an arm or walk few meters, so as to obtain information.

As a baseline of all these, we had in mind what Gammal refers regarding tech-
nological innovation as to market success is concerned “Rather than technological
failure, the pivotal reason is a lack of true customer relevance - either in the prod-
uct itself or the way in which it is described and marketed.” [7]

4. Methodology

4.1 Creativity process

As the requirements were set and integrated into the project team, the main ques-
tion arose, as what kind of devices where going to be necessary to comply with
not only business needs and requirements, but also its expectations and con-
straints. Thus for the moment it was the stage where it was needed to open-
mindedly come up with ideas. In that sense, a creativity session with people from
different backgrounds and competencies in the company was scheduled where it
was expected to collect valuable contributions in order to arrive to a solution, as
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supported by King “the consensus assessment of a ‘crowd” — a group of people,
each having limited knowledge of a subject — can be far superior to expert as-
sessments and even superior to the assessments of each and every individual
member of the ‘crowd.”” [8] The project team naturally had some ideas, but would
like to face them with other ones, in order to assess their quality and feasibility.

To this session, it was vital group collaboration, as working together toward a
common goal [2] when being apart from current tasks for at least a short period of
time, as Yadav et al. sustain when citing Hambrick et al. “that creativity requires
some amount of available time and cognitive resources, extremely high levels of
job demands may squeeze out novelty and fresh thinking”. [1] [9]

The session employed the Synectics process for creative problem solving [10].
This process consists firstly in setting a title for the task, summarizing the prob-
lem-solving objective. Starting this title with “How to...” lead to the question
“How to implement self service to costumers in shoe stores?”.

Afterwards, it is necessary to perform a task analysis alongside with the solu-
tion client — the business management, in this case — answering to questions such
as: “Why is this a problem or an opportunity?”, “What is its brief history?”, “What
is your power to implement the solution?”, “What have you already tried or
thought of?”, “What is your dream solution?”’, “What outcome do you want from
this meeting?”. After this, the problem solving team starts proposing ideas, where
exist some basic rules for this section of the work, like suspending judgment in
order to open the mind and let others also do it, so every idea is valid; one ought to
ponder of what does this problem and the other ideas make one think of, in order
to refine ideas and come up with new ones; these should be headlined with “How
to...” or “I wish...”, as these forms can be particularly useful as they direct re-
sources’ attention to where their thoughts would be most valuable. These forms
are commonly known as springboards.

A technique called “Excursions” is often used where ideas go round in a closed
circle and with that it is possible to obtain fresh ones. It requires the main problem
to be set aside and participants to think beyond current constraints. For this, each
of the participants is given a specific subject under a theme, like sports or famous
people, and tries to associate the subject to the problem, thus generating new
ideas. E.g., in a shoe store, Pavarotti would have asked out loud “Where are my
Pradas?”, and this metaphor originated the idea “Natural language interface to
search items in store”.

After these idea-creation stages, it is time for the client and the group to select
and organize the results. This is completed via a matrix that represents novelty and
feasibility in xx and yy axes, respectively, and the ideas are selected based in in-
trigue and attraction factors, and placed into the matrix according to its less or
more novelty and feasibility.

By the end of this process, we have a matrix of possible solutions, as depicted
in figure 1, from where the client selects one or several ideas to develop, where
only the most relevant solutions are mentioned and the circle size represents an
approximate relation between value and complexity.
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Figure 1 Matrix with relevant ideas resulting from the creativity session

The development is done firstly around the client paraphrases that springboard
ideas (“How to...” or “I wish...”) decoding any potential metaphors from each
idea by asking the author to refine it in other words. After clarified, the idea is
constructively evaluated, as the client lists pluses and major concerns about it.
This is done once again in the form of “How to...”. To overcome those concerns
ordered by importance, the client and the group generate ideas, starting with
“What you do is...”. Finally the client modifies the original idea using the selected
modifications, stating it as a possible problem solution. Naturally, this last process
can be repeated if necessary, until the client has a comfortable solution.

In the process, creativity only becomes innovation if implemented, so an action
macro-plan is set, stating what action is performed by whom and when.

We now briefly analyze some of the more relevant ideas located in the top right
quadrant of figure 1, i.e., those which are more novel and more feasible:

- Point of information using barcode scanning devices — this was the se-
lected idea to implement in a short term, complying with business de-
mands. It will use company-based systems in order to provide the expected
information and some application developments were needed;

- Interactive kiosk — similar solution to the previous one but with more in-
formation, such as virtual catalogue, which would lead to a deeper invest-
ment in development, as the whole interface had to be bought/developed as
well as the hardware. It is in stand by to a near future;

- Item tags with product information — alike electronic price tags, but with
larger displays, thus possibly showing product information as well as
stock. It implied a store structure different than the projected, therefore
only its concept was worked;
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- Interface in natural language — this was one of the most breakthrough yet
feasible ideas. It could be applied in a kiosk and provide the information
without the device barrier. It was placed in stand by to some time in future.

Some other final ideas were generated, but these are the most significant and
transmit the focus on the problem solving. In the end the idea which will to be
implemented led from creativity towards innovation to the business, and fulfilled
its balance between needs, requirements, expectations and constraints. These solu-
tions meant to be ambidextrous when balancing between technical and organiza-
tional flexibility in response to external conditions and internal needs [1].

To finish with, as supported by Goel and Singh citing Prather et al., this whole
process of “creativity and innovation involves the translation of our unique gifts,
talents and vision into an external reality that is new and useful. Creativity refers
to all activities that involve the generation of ideas. Innovation refers to the im-
plementation of viable business ideas generated as a result of the organization's
creativity-supporting culture and structure.” [11] [12]

4.2 Technology

In this section, we briefly review the business needs, requirements and expecta-
tions previously presented, namely the new stores would have be innovative and
differentiate themselves from competition, building a new concept of shoe store;
the customer would have to be autonomous in the store while few staff would be
available; and finally the store would have to be kept in order. So cross-analyzing
all these and the solutions resulting from the creativity session, two of them have
been considered as feasible in a short to medium term. Some of the others can be
applied in the long run, and others still were just good creativity exercises, as often
occurs in such processes.

We have seen that, as King supports, “there is also a growing awareness that IT
can play an important role in the integration of entrepreneurship and strategy that
is necessary if firms are to be quick at identifying opportunities and pursuing them
to their advantage” which became clear in this creativity session [3].

Consequently, two of problem solving solutions are: the electronic point of in-
formation via barcode scanning and the interactive kiosk. Having this in mind, the
solution procurement was started in the market to all its components: hardware,
software, kiosks, integrated solutions, and so on. This procurement was made by
the team browsing the market and more specifically company’s regular suppliers
and a major international kiosk fair.

A large range of solutions which could fit in the requirements was found,
namely kiosk hardware from a large number of suppliers where software had to be
developed and implemented with possibly different types of integration and sys-
tems, thus giving vast possibilities to the desired solution, but delivery and devel-
opment time could be a critical issue; others were integrated and modular kiosk
solutions with their embedded applications already focused in a specific business,
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but only one was found dealing with shoe store business, where cost was an issue;
some additional type of solutions were barcode scanning devices, some integrated
with a screen, where software would have to be developed according to the cos-
tumer’s systems and requirements, giving the opportunity to apply the company’s
base solution to price checking and developing it further to comply to the informa-
tion required to deliver at the store; finally some touch screens devices were ana-
lyzed in order to integrate them with an interactive application built in-house to
another business, which was possible to adapt and custom develop.

The team them filtered and structured all the information in possible configura-
tions building a proposal which matched the business requirements previously
stated, and constraints, such as investments, timings, risk, scalability, equipment
and store look and feel. The scenarios were developed around the two main types
of solutions: the barcode scanners and the interactive kiosks.

These scenarios evolved along several meetings with the business team and the
final decision was taken by the business leader, with technical, design and man-
agement inputs. In the end, the chosen solution was the technology already used in
company’s stores, which employs a bar code scanning device that will display
product information, such as name, brand, price and available sizes on its screen,
having received that information from company’s both checkout and ERP system
in real time using web services.

As usually, the decision was taken due to some critical factors described above
where this solution was compared to the others presented, and the technology that
prevailed was the one which could balance better most of the needs, requirements,
expectations and constraints.

4.3 Competencies

The search for the right competencies is a key issue in every technology project,
and this was no exception. This search was conducted during the final stage of the
assessment, where the team already had an approximate idea of what different
kind of decisions could face, thus focusing the search. Which competencies from
the equipment supplier would be needed in order to install the appropriate soft-
ware in those equipments? Which competencies would be needed from the soft-
ware supplier in order to deploy and integrate it in the company’s systems? Was
the software going to be “off-the-shelf” or custom developed, and if so did the
company have internal competencies to build and integrate it?

Alternatively, development could be outsourced, and then again what type of
competencies was it needed the development supplier to have in order to create
and implement the application the way it was required? Still, with several of these
options, internal resources and competencies would have to be employed so as to
integrate the solution, whatever it would be, with the company’s infrastructure,
checkout and ERP systems, among others. This was the common base from which
we knew we had to leave in order to build the whole technical team.
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5. Computer-aided innovation

Information systems are not a goal by themselves but are useful only when deliv-
ering important insight to what they were designed for: decision support, as differ-
ent information is produced to the costumer, the store assistant and the company in
its different profiles — operative, manager, administrator — and handled in diverse
manner, by helping the client deciding which item to choose; to support the shop
assistant when locating a product; to help operations team decide which items to
order; to aid managers and administrators knowing exactly the business status and
providing them information to innovate by building new concepts of doing their
business, as they are aware they can rely on information systems to go that way.

The project team was very aware of the business goals when projecting possible
solutions that resulted from the creativity session, in order to be innovative as re-
quired by the business and the store concept itself, but also to be assertive when
using information systems as described above. The solution to implement is de-
picted in figure 2 in a simplified approach.

5.1 To the client

Having the previous concepts in mind, the self service system was designed to
allow the client to be autonomous when obtaining information about the desired
items. Normally, in a shoe store, the costumer has to ask an assistant to find out if
the a size is available and other information, sometimes after waiting in a queue,
or look around until finding out if there is the correct size or not.

According to the business needs, expectations, constraints and goals, the pro-
ject will implement in each store several barcode scanning devices with built-in
l4cm colour screen as these devices are well known to the majority of the cos-
tumers, being quite intuitive to operate. The costumer will use this wall-mounted
barcode scanner to obtain information, and for that will approach the item barcode
to the device laser beam and hears a short beep indicating the product was read
and recognized. Some moments after, the information appears on screen.

5.2 To the store assistant

Another equally important component of the system as a whole is the one used by
store assistants while in their diverse actions during the day. This will include not
only customer care in its various types, as providing product information, locating
products, suggesting other options to clients, but also current operation as ship-
ment reception, product placement, price tagging, inventory and so on.

While supporting costumers, the assistant will be able to locate exactly where
an item is placed, confirm prices, sizes and other product information. To perform
this operation, the assistant will have a wireless PDA with barcode scanning capa-
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bility, making it possible to the device to read the item barcode and interpret its
EAN code. When interpreted, the information flows the same way as previously
referred as for the wall-mounted barcode scanning device was concerned.

This application gives complete mobility to the assistant inside the store to help
costumers and to perform routine operational tasks such as receiving product
shipments in the background, checking them and confirming the reception, then
setting received items inside the store and marking those locations to future refer-
ence while assisting costumers. All the information is based in the systems we
have previously mentioned, and interface is done via web services once again.

5.3 To the company

To end with, store operations, management and company administration rely on
various integrated information systems in order to perform their assignments as
accurately as possible.

To the operations staff, the ERP is vital so as to analyze stocks, order correct
product shipments, minimizing store stock but also out-of-stocks, analyze sales,
budgets, margins, legal procedures and others. Alongside, management also rely
on information systems, as they have to manage product range, making the right
choices to provide the best saleable offer to the costumer and within each product
have to negotiate margins, profits and costs, controlling along the way sales in
stores so as to perform good results and aim to their sales and profit goals. On top,
administration handles data in an aggregate way, therefore usually operates with
data warchouse information system which combines data collected. With this sys-
tem, the company is managed as a whole, even if divided by brands, and steered
strategically thus making everyday decisions influencing its course.

The information system will always be a source to decision making, whether it
is a costumer in a store checking product information, or the assistant who is lo-
cating a product using a portable device connect to the a remote system, or the
operations team who supplies the store, its management which decides in which
products to bet, or in the end administration who decides the strategy of the com-
pany, based in the information provided from all the information systems.

Com pan%

Figure 2 Simplified solution scheme
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6. Results and conclusions

6.1 The goal

More than a requirement or a business expectation, it is a motivation that the solu-
tion is innovative and creates a new concept to shoe shopping in the country. Sev-
eral analysis have been conducted in order to measure the attractiveness of self
service devices in retail, and more specifically amongst this company businesses
with quite extraordinary results, as costumers in the country adhere massively to
these solutions, as for instance self checkouts in supermarkets.

Of course there is risk where high investment and image values are at stake, as
there will be no smooth transition period to these brand new stores. To mitigate
this risk, the solution itself and the information systems it integrates with have a
very important role providing the client the expected information in a fast, effi-
cient and reliable way. Along with the system, shop assistants also play a part in
this equation, as they will need to interact with the client and the system simulta-
neously, forwarding the first to the latter when possible.

But the solution to be implemented is broader, comprising a powerful and use-
ful tool to store assistants, giving them the possibility to perform their task in a
rapid and efficient manner. Following a growing trend, each store will have a
small number of employees, thus each one of them will have to do more work in
less time. For this productivity issue, information systems are vital so as to pro-
vide the required information accurately on time. The based system is widely used
in the company, thus having a low risk, but if it fails contingences can be acti-
vated.

This solution applies King’s concept in which * when IT is focused on produc-
ing more flexible manufacturing capabilities, quicker order fulfilment, faster re-
sponses to customer inquiries and the like, it usually has direct impact on the bot-
tom line and on ‘intermediate outcomes’ such as customer satisfaction and qual-
ity.” [3]

In the end not all the benefits sum up to numbers, like investments, costs, prof-
its, margins, items scanned, items received and so on, and although these are very
important and the ones which will rate the project and the solution, there are other
intangible gains like company image, costumer fidelity and pioneering that many
times “pay” a project.

6.2 Conclusions

To conclude with, the authors expect this analysis can contribute to document
what is being done when applying computer-aided innovation in the business
world, namely in retail sector and shoe stores, to implement new shopping con-
cepts which employ information systems.
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The study case is an example of CAI application in order to satisfy specific
business needs and requirements and meet the expectations created around the
possible solutions, but also accounting the constraints that naturally emerge. As in
all cases, the dream solution would not the one described and implemented but
some other less realistic or even impossible for the time being. Thus it is important
to point out that computer-aided innovation is built by real developments and im-
plementations and even if it is possible to aim at higher objectives in the future, in
many occasions it is preferable to take one step at a time, and implement consis-
tent solutions that can offer some benefits or services to costumer or companies.

These latter are the ones investing large funding to compete in fierce markets
and must think ahead of competitors in order to attract consumer attention and
loyalty. Therefore, computer-aided innovation is vital to companies if it can pro-
vide them tools to compete in the market, bringing added-value to organizations’
business. This added-value can be delivered to the company itself, helping it per-
forming its tasks more efficiently and with more information, but also to the cos-
tumer, who is the ultimate user to this innovation.

In such a traditional and mature yet rapid and competitive market as retail busi-
ness, computer-aided innovation makes the difference between those left behind
and the ones who profit and grow by offering excellent services to their costumers.
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Abstract: Because product development processes now take place within a
geographically diverse international community, global geographic issues relating
to both physical and human elements of geography must be considered to ensure
optimal deployment through means of virtual product development. Virtual
product development is a strategy that preplans the product development process
through simulation. Generating all possible product development process designs
and simulations through virtual product development makes it possible to
determine the optimal deployment option. In order to optimize in deployment, it is
necessary to score each configuration based on a series of metrics that measure
issues relevant to and affecting deployment. This paper presents a method by
which global geographic issues may be effectively characterized in order to
accurately represent their role in and influence on the product development
process prior to deployment.

Keywords: globalization, graph theory, network, autonomous agents

1. Introduction

Due to trends of increased globalization, the product development process is no
longer localized or isolated. Execution of the product development process
becomes increasingly complex as a result of its deployment within a
geographically diverse international community.

The spatial variation across the globe of physical features, as well as human
phenomena and distribution, impacts product development in ways that are often
unexpected or overlooked, but that have potential to alter greatly the final outcome
of any given process in terms of cost, time, quality, etc. Geographic diversity
subsequently becomes an asset or liability, depending on the deployment strategy.
How then does an international corporation accurately forecast what specific
geographic issues will influence its deployment, and in what ways? A method for
simulating and predicting possible outcomes and forecasting the impact of
geographic issues for a given product development process prior to process
execution is not only beneficial but essential to successful deployment.
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Virtual product development is a predictive modeling technique that explores
the possible product development deployment options prior to actual deployment.
It is based on the use of graph models that delineate processes, organizations, and
other networks relating to product development. The methodology presented in
this paper is an attempt to create models for predicting the impact of global
geographic issues on potential product development deployments. We recognize
the limitations in attempting to represent such complex and abstract issues in a
model form. However, the consequences of failing to model are apparent in the
ineffective deployments of transnational corporations that exhibit themselves in
current business.

2. Literature Survey

The characterization and modeling of globalization’s impacts on businesses and
organizations involve a variety of techniques and methods. Examples of these
methods are presented in this section.

The modeling of complex systems such as product development deployments
in a global context is a challenging undertaking. Chittaro et al define the concept
of a model as “a symbolic system designed to provide a representation of a
physical system appropriate for a given purpose. So, a model is only a partial
representation of reality and depends on subjective decisions of the model
designer” [4]. In this modeling methodology, there are two primary parts to the
model: the product development deployment representation and the secondary
calculus used to evaluate the deployment. The product development deployment
graphs are context-independent, and the secondary calculi provide the context-
dependent knowledge.

Several different groups have focused on modeling geographic issues and their
impact on product development. Raper and Livingstone discuss the role of
representation in modeling physical and human geography [10]. Barnes, in
“Retheorizing Economic Geography” indicates the need for both a quantitative
and a cultural representation [1]. Bauer states that “indeed, in going about their
business, geographers often borrow from the broad suite of alternative
methodologies available in other disciplines” [2]. However, in this case, we
borrow from geography to construct our models of virtual product development.

The literature provides many examples of case-specific models dealing with
the issues of globalization. For example, Malnight presents an evolutionary
perspective by outlining the history of the transition of a multinational corporation
from decentralized toward a network-based structure [8].

Tratinsky and Jarvenpaa examined the influence of global versus local contexts on
information technology distribution decisions [13]. Another example of trying to
model geographic issues with respect to business organizations is the work done
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by Carpenter and Frederickson. They developed a model for studying the impacts
of global geographic issues of top management team characteristics [3].

The issue of developing models of geographic phenomena in the midst of
globalization continues to be a controversial one. In an editorial of the
Transactions of the Institute of British Geographers, the comment is made, “we
need to be more self-confident and forthright in highlighting the limitations and
dangers of formal modeling approaches” [6]. The editorial also states, “a meeting
of minds ought to be possible: a middle ground between what it calls the ‘top-
down’ (model-building) perspective of the geographical economists and the
‘bottom-up’ (empirically grounded) perspective of economic geographers” [6].

Sheppard introduces the idea of scales and then indicates that the traditional
hierarchy of territorial units (body, neighborhood, city, region, nation-state,
supranational bloc, globe) often “splay” outward as they connect at higher scales.
Additionally, Sheppard introduces networks as a way of representing the
interconnections of the entities associated in globalization [11].

Subramaniam and Venkatraman recognize the need for determining product
development capability [12]. Fulk and DeSanctis identify the need to represent
product development in a model where issues such as communication technology
can be explored [7]. Nault’s approach to modeling transnational organizations
incorporates the use of nodes, each of which are assigned specific quantities used
in the application of a secondary calculus [9].

The work summarized in this literature survey clearly identifies the need for
developing some form of a model for predicting the impact of global geographic
issues on product development deployment. While it is also clear from the
literature that models cannot completely represent global geographic issues, at the
same time there are serious consequences for failing to model.

3. Incorporation of Global Geographic Issues into Virtual
Product Development Models

Virtual product development (VPD) is a modeling technique used to explore
before actual deployment all possible product development deployment options
that are available to a company. VPD also provides a method for evaluating these
options with respect to critical characteristics that have potential to impact the
deployment such as time to execute, cost to execute, probability to achieve a level
of quality in product offerings, etc.

Virtual product development is a modeling technique that employs graph or
network models of both product development processes and the associated
organizations that will execute them. Using these graphs, autonomous agents are
created that represent the assignment of an actor to a given task. Agents are
created for all tasks in the product development process. All possible assignments
can be modeled, thus creating redundant agents. This means that there can be
more than one agent who can execute a given task. All these agents are registered
in a library.
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Deployment options are then determined in an autonomous agent environment
where graphs of agents are reconstructed using a deterministic mapping technique.
A single deployment option is a graph of agents that satisfy all tasks of the
original product development process. These graphs represent unique
instantiations of the original process map with different combinations of the
agents. Scoring of these instantiations is accomplished through secondary calculi
imposed on the graphs of the important task and actor metrics thus allowing an
overall time or cost-to-execute to be computed for the given instantiation.

—| Task 1
A s |
— Task?2

(oo (s | oo |

1b. A simple organization graph

la. A simple process graph

Figure 1. Process and Organization graphs

In Figure la a simple example is shown of a process graph consisting of three
tasks, two of which can be executed simultaneously (Task 1 and Task 2). Figure
Ib shows an example of a simple organization graph with two levels of
management and three employees who will actually execute the process tasks.
Assume that the overall time to execute is a critical objective for the program that
will launch this process.
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Task Taskl Taskll | TaskI Agentl ask | -Employza2

Tasks

L X v ’ Agent3 Task2 -Emploves2
Task 50 2 10 Employes1 I I 0
Tl T . - Employse2 1 m 0 Ag=nt4 | Taskl-Employes3
3 | X . 10 || Employe3 | 0 I I Agent3 | Task3-Employee3

Figure 2. Enumeration of task and actor characteristics and Agent assignments

Figure 2 shows three tables, one listing each of the tasks with associated
information about time to execute for three skill levels. These times to execute
therefore represent the time required if an employee is qualified at a certain skill
level. The second table shows each of the actors and their associated skill level for
each of the tasks, and the third delineates agent assignments. These agents are
created by assigning actors to tasks. Agent 1 is therefore defined as Task 1 being
executed by Employee 1, Agent 2 is Task 1 executed by Employee 2 and so forth.
Once all of the agent definitions are delineated, deployment options can be
created.
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Figure 3 shows three deployment options made from combinations of agents
which complete all of the original process tasks. Each of these deployment options
can now be scored using the secondary calculus. Notice that the times are
dependent upon which employee is doing what task and at what skill level. Total
time scores are then based upon whether Task 1 and 2 can be done simultaneously
or must be done in series because they are done by the same actor.

Deployment options Secondary Calculus

Agent 1

40 days

70 days

=

- : [20days > 40 days

: ’
-.-\gem 3

Figure 3. Deployment options and secondary calculus scores

With this in mind, notice that the time to execute for deployment option 1 is the
sum of Task 1 and Task 3 since Task 2 can be executed simultaneously with Task
1. In the second deployment option, Actor 3 must execute both Task 2 and Task 3
and so the score is combined as 70 days. Finally, in deployment three, Employee 2
must complete Tasks 1 and 2 so the combined score is 40 days.

An in-depth discussion of virtual product development methods is deferred to
other papers [5,14]. However, an overview of the techniques will be given. VPD is
accomplished in several steps, each of which will be presented in the following
paragraphs. The steps are as follows:

1. Identify desired product development program/project outcomes

2. Delineate process and organization models to the desired level of detail

3. Create agents by matching actors to tasks

4. Define secondary calculus to combine metrics

5. Generate possible deployment options through dynamic configuration

6. Score options

Step 1. Identify desired program/project outcomes. The first step in creating a
VPD model is to select a product development process and identify desired
program outcomes such as minimizing cost or time, maximizing quality, etc.
There are usually one or two desired outcomes for any given program. For
example, assume a company desires to launch a new product line by launching a
product development process. The desired program outcomes might be profit
margin, market window and quality level.

Step 2. Delineate process and organizational models to the desired level of
detail. The next step is to create graph models of all the structural elements of a
product development project. Structural elements include but are not limited to the
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process steps, all organizations that will contribute actors including sub-
contracting organizations, facilities and resource networks.

Step 3. Create agents by matching actors to tasks. The VPD simulations are
created using autonomous agents. A library of all possible agents is created by
assigning all qualified actors to all the possible tasks they can execute within the
graph models. For example, an engineer from the parent corporation may be
assigned a stress analysis task in the process. Another agent may be formed by
assigning a sub-contract engineer to do the same task. All tasks must be
instantiated with actors so that complete deployment options can be configured.

Step 4. Define secondary calculus to combine metrics. A secondary calculus
must be defined which determines how the program objectives will be measured at
each task or actor through appropriate metrics. This is done by defining trackable
metrics at the actor and task level which relate to the program outcomes. For
example, many of the trackable metrics will be measured in cost to the program.
The secondary calculus can then be as simple as a sum across the graph of these
costs. If the metrics are measures of probability that certain levels of quality can
be obtained, then the calculus will be a form of Bayesian probability or Markov
chains accumulated across the graph. Each set of metrics will require a different
calculus based upon the type of metric and overall impact.

Step 5. Generate possible deployment options through dynamic configuration.
Using autonomous agent theory and dependency mapping theory, all possible
deployment options are configured. This is done by finding agents whose output
are the final deliverables of the process and then satisfying their inputs with other
agents in the library until all dependencies are satisfied. This produces graphs of
agents representing possible deployment options. Once these graphs are produced,
they can be scored using the predefined secondary calcluli.

Step 6. Score options. The secondary calculi are accumulated across the
separate graphs representing deployment options. Multiple scores are then
registered for the different options. These scores can then be used to select the
“best” possible option. Often these deployment options are only best with respect
to some criteria such as time, cost, reliability, etc.

Virtual Product Development is a modeling framework and technique that
provides companies the ability to explore all possible product development
deployment options before actual deployment. It also allows them to evaluate
these options with respect to optimality criteria such as time, cost and quality as
well as criteria based upon the impact of global geographic issues such as
language differences, different government regulations, etc.

3.1 Global Geographic Issues

As discussed in previous sections, the shift from local to global scale inevitably
carries with it a host of issues and elements with considerable potential to
influence the product development process. Globalization connotes a spatial
distribution, and in the context of this paper global geographic issues are
characterized as any phenomenon — social, political, environmental, or otherwise —
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that influences a company’s activities and varies on a global scale. The purpose of
this paper is to provide a method for characterizing and incorporating these issues
into VPD models, and not to identify all possible issues.

3.2 Method of Characterization

Once a VPD model has been developed for a given product development program,
the impact of different global geographic issues on the program can be determined
by expanding the existing secondary calculus. A five-step process is outlined
below for converting a global issue into metrics that can be incorporated into the
existing secondary calculus. For purposes of illustration, we will refer to the
example used in Section 3.0 shown in Figure 1.

As shown in Figure 3, the first deployment option could be executed in forty
days, the second in seventy, and the third in forty. The deployment options in
reality represent different employees assigned to different sequences of tasks. For
illustration of converting a global geographic issue into this secondary calculus,
we choose international holidays as a global geographic issue which may affect
the execution time of these deployment options. If the parent company wishes to
hit a market window of March 15, 2008, they must determine when to launch the
program.

Step 1. Identify the Global Geographic Issue. In this example, the global
geographic issue of concern is international holidays and the impact they may
have on the execution of a product development program. Obviously, this also
involves the ethnic and religious backgrounds of the employees. Assume that
Employee 1 is Chinese and is located in China, Employee 2 is Caucasian located
in the United States, and Employee 3 is French located in France. Because the
minimum time to execute the overall process is forty days, the program launch
date needs to be in January, and execution will run through the February time
frame. This means that at least two international holidays will occur during this
program run: the Chinese New Year, which begins February 7 and will run
through February 22; and Mardi Gras, which takes place February 3-5.

Step 2. Determine how Global Geographic Issue Affects Secondary Calculus
Associated with the Program Objectives. Assuming that meeting the market
window is a primary program objective, it is important to determine the program
launch date. The actual calendar days required to execute a task must be
calculated based upon time to execute the task plus the number of work days lost
due to international holidays. Therefore, a new metric must be introduced into the
agent secondary calculus.

Step 3. Assign Appropriate Metrics to Tasks, Actors, and Agents. Additional
metrics are now required in characterizing each of the employees. Also, the agent
metrics are expanded to include the number of days of impact due to international
holidays for each of the tasks. In general, these metrics will be different for each
type of global geographic issue and program objective.
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Agents Task-Actor Time for | Time for | Time for | Holiday
Assignments Task I Task I1 Task I11 Impact
Agent | Task1-Employee 1 20 15 days
Agent 2 Task1-Employee 2 10 0 days
Agent 3 Task2-Employee 2 10 0 days
Agent 4 Task2-Employee 3 30 2 days
Agent 5 Task3-Employee 3 20 2 days

Figure 4. Additional metrics assigned to tasks, actors, and agents.

Step 4. Collect Data that Characterizes and Measures the Appropriate Metrics.
In the case of the example, data for international holidays will include identifying
all of the international holidays and their duration, as well as identifying those
employees who potentially would be affected by them, either because of their
location or because of their affiliation. Effective characterization of global
geographic issues requires the establishment of a database of metrics that have
been collected, normalized, and validated. Much like the role of a company’s
materials database, this global geographic issues database will provide the metrics
necessary for a company’s modeling of product development.

Step 5. Use Data to Generate Scores based on Secondary Calculus. Using the
expanded metrics, a new score for each of the deployment options is generated. As
shown in Figure 5, the updated score is given in the gray circles. Notice that
Deployment Options 1 and 3 were previously indistinguishable in terms of time to
execute, but now are significantly different due to the impact of the international
holidays. It is now obvious that Deployment Option 3 would be the optimal choice
and therefore would allow program launch to occur January 17 in order to meet
the March 15 market window.

Deplovment options Secondarv Calculus

Figure 5. Updated process execution times based on international holidays.
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3.3 Summary

Complexity in virtual product development models can come from complex
processes, complex combinations of actors, or complex secondary -calculi.
Prediction of the actual impact of a global geographic issue on a product
development program that has not yet been deployed is difficult without historical
data. Consequently, companies will need to develop VPD case studies that can be
correlated to actual impacts to improve the validity of VPD models.

4. Example

A specific example from the aerospace industry involving transnational product
development programs will help to illustrate not only the method, but also
introduce the types of global geographic issues and extent of their impact on
current product development.

Located in the western United States is an aerospace corporation specializing
primarily in the engineering and manufacturing of aircraft safety devices. A recent
project requiring analysis and optimization involved this aerospace corporation
and a design center located in India. The project involved a total of five actors
from both organizations and provides an ideal test-bed for demonstrating the
methods and techniques discussed in this paper, as well as insights into specific
global geographic issues affecting product development programs.

The project involved the design of a frangible housing in which thicknesses
needed to be specified for optimal performance with respect to stresses in the
housing. The process involved eight steps requiring the calculation and modeling
of stresses, in addition to the review of the resulting models. Progress was
overseen through weekly teleconferences between both sites. Specifically, the
process was composed of the tasks shown in Figure 6.

T2 T4
T1 e " T3 TS T6 7
Initiation of Sm&::ﬁ“ ol work [ Smf:,l;er:‘ L Begin Review Close
Project Defined Assigned Raviewsd Work Models Project

T8 Weekly Teleconferences

Figure 6. Sequencing of project tasks for aerospace safety project

The aerospace corporation in America made a strategic decision to acquire the
design center in India in an attempt to reduce engineering costs. The decision to
acquire was not necessarily based upon current need, but was motivated by the
desire to establish a new company mode of operation in engineering.
Consequently, direction from corporate management was given to find work that
could be offloaded to the design center. This specific work project was selected
because it could be completed in a relatively short amount of time and was not of
critical importance to the overall program.
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In this case, only two deployment options were of interest: deployment using
actors from both the design center in India and the parent company in the U.S.,
and deployment using solely actors from the parent company. The purpose of the
VPD models was to contrast the cost and time differences between the two
deployments as a means of justifying the use of the design center in India. Figure
7 therefore provides a description of each of the possible agents to be used in the
two deployments.

Using the agents defined in Figure 7, there were only two deployment options
available, as shown in Figure 8. Figure 8a depicts the deployment using actors
from both the parent company in the U.S. and the design center in India. Figure 8b
represents the deployment option using actors only from the parent company.

The scoring of each deployment option involves the calculation of two
different scores which represent the sum across the graph of the metrics in the
circles above each task. Both deployment options could be executed in the same
amount of time and the first deployment option was $625 less than the second.
Based upon this information, the decision was made to execute using Deployment
One. The project was deployed and it was discovered in the review of the work
(Task 6) the wrong material properties had been used in the analysis, making the
design irrelevant. The drawing had been misread due to errors in communication.
Communication between engineers in the U.S. and India usually required at least a
workday’s cycle time due to time zone differences and limitations in direct
communication.

Agents Task Actors Time to Execute Cost
Agent 1 Task 1 Actor 1 Y day $500
Agent 2 Task 2 Actor 2 Y day $400
Agent 3 Task 3 Actor 2 Y day $400
Agent 4 Task 4 Actor 4, Actor 5 V> day $200
Agent 5 Task 5 Actor 4, Actor 5 2 days $800
Agent 6 Task 6 Actor 2, Actor 3 Y5 day $800
Agent 7 Task 7 Actor 1, Actor 3 V> day $700
Agent 8 Task 8 Actor 1, Actor 3 1/8 day $175
Agent 9 Task 4 Actor 3 Y day $400
Agent 10 Task 5 Actor 3 2 days $1600
Agent 11 Task 6 Actor 2, Actor 3 Y2 day $800
Agent 12 Task 7 Actor 1 Y day $500

Figure 7. Agent descriptions for VPD model
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b. Deployment option 2 (5+ days, $4,600)

Figure 8. Two VPD predicted deployment options

A second iteration of Tasks 5 and 6 was then launched to correct the errors. At
the end of the second iteration, it was discovered that the right properties had been
used, but the analysis had focused on the wrong portion of the product. A third
iteration was launched to correct this error and finally achieved correct results in
the analysis. However, part of the statement of work was to optimize thicknesses
throughout the product, and the optimization focused again on the wrong portions
of the product. A fourth iteration was launched to correct the errors in the
optimization.

The final result of this deployment (shown in Figure 9) varied greatly from the
predicted deployment option of the VPD model shown in Figure 8a. Rather than
requiring 5+ days as predicted, the process required 13+ days to execute. The
associated costs were more than two times greater at $9,300, as opposed to the
predicted $3,975. A post-mortem analysis determined that communication
limitations, time differences, lack of contextual training, incomplete instructions,
and diverse training of actors contributed to the results of the actual deployment.
The analysis also determined that no one group was more culpable than any other
for the errors made.

T1 T2

lAgent 7

Actual Deployment (13+days, §9,300)

Figure 9. Actual deployment
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The nature of these errors is such that they may be classified as global
geographic issues. Enumeration of each of these with a secondary calculus is
difficult. Often company officials, after having executed multiple projects,
calculate a factor which represents the additional time needed to execute projects
such as these due to the impact of these global geographic issues. The authors
have seen factors ranging from as much as 75 percent longer to 400 percent longer.

5. Validation

As with any modeling technique, the value of the model is dependent upon the
validity of the data used. In order to create these VPD models, there is need for
data relating to the global geographic issues as well as historical case studies to
provide meaningful statistical correlations. Since the virtual product development
models are company-specific, the identification, collection, and validation must
also be company-specific and impacts must be determined within a project-
specific context.

6. Summary and Conclusions

Methods must be developed for leveraging global geographic issues rather than
minimizing their negative impact. Virtual product development is a predictive
modeling technique that explores the possible product development deployment
options prior to actual deployment, generating scores for each through the use of a
secondary calculus. These scores are inaccurate without the integration of global
geographic issues and a quantified measure of their influence, requiring a method
for the identification and characterization of such issues. That method, in addition
to the need for validation and case studies, provides the focus of this paper.
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Abstract: The design of environmentally friendly products requires data to assess
the impact of the product on the environment throughout its life and the original
design and manufacturing information that should accompany the product to man-
age the end-of-life process. Both of these requirements can be satisfied by the in-
novative combination of two groups of International Standards. The DEPUIS pro-
ject provides e-learning systems to introduce the technology of data representation
by standardised information models — product data technology — and shows how
the information represented by data specified by these models can be used in Life
Cycle Assessment to innovate life-cycle thinking in the design and manufacture of
new products

Keywords: Life cycle assessment, product data technology, international stan-
dards, e-learning, innovative design

1. Introduction

DEPUIS (Design of Environmentally-friendly Products Using Information Stan-
dards) is a European funded project launched on the 1st September, 2006. The
objective of DEPUIS is to support innovation in the environmentally-friendly de-
sign of new products and services through the use of standardised information
models. The DEPUIS project is part of the Europe-INNOVA network [1] in the
Sixth Framework Programme.

The project has two main actions:

e the provision of e-learning in product data technologies and the opportunities
created by the ISO TC184/SC4 information standards and also by ISO 14048
and other ISO 14000 standards;

Please use the following format when citing this chapter:

Amato, A., Moreno, A. and Swindells, N., 2008, in IFIP International Federation for Information Processing, Volume
277; Computer-Aided Innovation (CAI); Gaetano Cascini; (Boston: Springer), pp. 135-143.
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e workshops to achieve interaction between users and developers of the standards
to speed up the acceptance and dissemination of the new methods.

The outcomes from the workshops will be used to prepare policy recommenda-
tions to ISO and CEN in the areas of further standardization and innovation for
reducing environmental impacts.

The main strategic objective of this project is to enable more companies, particu-
larly SMEs, to use Life Cycle Thinking (LCT) on the environmental impact of
their design of new products, in conformance with the Communication on Inte-
grated Product Policy (IPP) [2] of the European Commission. Eco-innovation has
to rely on the accessibility on environmental data during the whole life cycle of
the product; therefore, standard product data models to integrate the necessary
information about materials and processes are needed. [3] These standards and
their technologies are important for the data representing the environmental in-
formation for sustainability because:

e data for making decisions about sustainability and the impact on the environ-
ment is generated in individual computer systems;

o this data has to be shared and exchanged between many different organizations
with different systems and applications with many different methods of work-

ing;

o the data has to be conserved for longer than the lifetime of any computer sys-
tem or software application;

e the data needs to be used and understood by unknown systems at unknown
times in the future.

2. Life Cycle Assessment (LCA)

The environmental innovation of products is recognized as one of the principal
instruments for the promotion and integration of competitiveness, innovation and
sustainability that are key priorities for the European Union (COM(2004) 38
final) [4], (COM(2003) 302 final), (EC, 2004) [5].

The life-cycle of a product is often long and complicated. It covers several areas
and phases involving many different actors such as designers, industry, marketing
people, retailers and consumers. IPP attempts to stimulate each part of these indi-
vidual phases to improve their environmental performance.

The term ‘life cycle’ refers to the notion that a fair, holistic assessment requires the
assessment of raw material production, manufacture, distribution, use and disposal
including all intervening transportation steps necessary or caused by the products
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existence. The sum of all those steps — or phases — is the life cycle of the product.
The concept also can be used to optimize the environmental performance of a sin-
gle product (ecodesign) or to optimize the environmental performance of a com-
pany.

Life Cycle Assessment (LCA) is an internationally standardised method (ISO,
2006) [6] for the evaluation of the environmental impact. It helps to avoid the
“shifting of burdens” from one life cycle phase to another, among the various en-
vironmental implications, and to evaluate the options for improvement.

LCA is increasingly being used at the design stage of new products, where the
need for changes can be more casily identified and the cost of making those
changes is a minimum. Both retrospective assessment and LCA at the design stage
need access to data and this will usually need to be collected from different
sources and used in combination in an engineering computer system. However,
different sources will have developed their data systems using different software
and system platforms and each data system will therefore have a different internal
representation for the data that it contains. The result is that data from different
sources cannot be combined and used efficiently without a great deal of
uncertainty, extra work and additional costs. The potential benefits of being able
to use a combination of LCA data systems in the EU are therefore presently diffi-
cult to be achieved. In the field of LCA the agreement on the format of the data
has been published as the international standard ISO 14048 (ISO, 2002) [7]. As the
LCA is a method for assessing the environmental impact of a product through all
of its life-cycle stages it requires a massive use of materials and processes data.
On the other side, all the data are generated with electronic means by the users
which hardly use any standard. The most important issues are therefore to achieve
accessibility, comparability and quality assurance of data used in LCA of products
and the integration of LCA in the design process.

3. Product data technology

The production and management of product information is every company’s sec-
ond business. Whereas most attention is paid to the management of the physical
product throughout the lifetime, it is important to realize that the information that
accompanies the product through its life is also important. It is well understood
that the inputs and outputs of physical products have to managed by strict adher-
ence to engineering specifications: otherwise there will be additional costs arising
at a result of returns, rework, negotiations, etc. The same is true of product infor-
mation. Inputs and outputs of technical information in the form of data associated
with the product and its manufacturing processes have also to be managed by the
equivalent of engineering specifications: otherwise costs will be incurred from the
same causes as with the hardware.

International Standards for product data representation are the equivalent engi-
neering specifications that provide a neutral mechanism for describing product
data throughout the life cycle of a product and that are independent of any particu-
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lar software system. The nature of this description makes it suitable for neutral
file exchange between different computer systems but also as a basis for imple-
menting and sharing product databases and long-term archiving. Just as with stan-
dards that are engineering specifications for hardware, these product data stan-
dards can be used as the basis for quality control and quality assurance of product
data and so ensure its validity and reliability.

The standards for product data technology provide information models for particu-
lar application domains that are independent from proprietary software. The bene-
fits are that each software system needs only to have one only conversion inter-
face, between its own internal structure and the independent model, to be able to
output data or to use the information that is specified in a received model.
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Figure 1 Alternative strategies for the communication between different computer software
systems are shown in the figure above and illustrate the situation of a supplier with multiple
customers (one-to-many and many-to-one)

Product data technology has been developed by the Sub-committee 4: Industrial
data (SC4), of the ISO Technical Committee 184: Industrial automation systems
and integration (TC184). ISO TC184/SC4 has developed the system of standards
for the computerised representation of product and process data through the com-
bined efforts of hundreds of engineers from the world’s main industrialised na-
tions and from most of the global industrial sectors.

The main standards of product data technology that are important for the whole
life approach are:

e [SO 10303 Product data representation and exchange — the basis of the tech-
nology with generic information models and applications that satisfy particular
industrial requirements (collectively known as STEP):
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e ISO 13584 Parts libraries — information model for dictionaries of terms that can
be referenced from ISO 10303 (collectively known as PLib);

e [SO 15926 Integration of life-cycle data for process plants including oil and gas
production facilities — a reference data library that defines the terminology for
products that are used in chemical process plant and off-shore oil and gas con-
struction projects (collectively known as RDL).

3.1 IS0 10303 - Product data representation and exchange

ISO 10303 is a very large collection of standard documents that provide the base
technology for methods for the representation of product data and specify many of
its applications [8]. The collection of documents is divided into groups of num-
bered parts that fulfill related roles. Parts 40 to 60 are the Integrated Generic Re-
sources that are the fundamental basis from which all applications of ISO 10303
are developed. Together these Parts constitute a single information model, al-
though the division into separate documents has been made for ease of their de-
velopment and maintenance.

Parts 200 and upwards are the Application protocols of ISO 10303 that are im-
plemented in engineering software for industrial use. Each Application protocol is
an extension of the single model in the Integrated Generic Resources that has been
specialised for a particular industrial need. For the whole-life approach, a selec-
tion of probably the most relevant applications is:

e [SO 10303-203: Configuration of 3D designs of mechanical parts and assem-
blies;

e [SO 10303-210: Electronic assembly, interconnection and packaging design;
e [SO 10303-214: Core data for automobile design processes;
e [SO 10303-235: Engineering properties for product design and verification;

e [SO 10303-239: Product life cycle support.

3.2 ISO 13584 Parts Libraries

ISO 13584 specifies an information model for classifications of products, or proc-
esses, and their associated properties. The importance of this model is that it has
proved to be also very valuable for the compilation of dictionaries of terms that
can be accessed by reference from the application models of ISO 10303. The
benefit is that the information models in the applications of ISO 10303 can be
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sufficiently abstract that they can be used in many different industrial situations
but the terminology used in a particular domain can be defined in a dictionary that
conforms to ISO 13584.

Applications of ISO 13584 are made easier by the availability of free software
that implements the information model and provides a simple user-interface for
the input of data. The software is called PLIB Editor and it is supplied by the
University of Poitiers [9].

3.3 IS0 15926 Integration of life-cycle data for process plants
including oil and gas production facilities

ISO 15926 has been developed to overcome proprietary and system dependent
data definitions that prohibit the effective exchange, sharing and integration of
information, particularly, but not exclusively, in large construction projects. This
international standard is based on an ontology and first order logic and has a ge-
neric concept model.

ISO 15926 is generic and defines a methodology for general handling of informa-
tion data. It consists of several parts, Part 2 is the data model that defines the rules
and the schema, and Part 4 contains the Reference Data Library (RDL). The RDL
defines the semantic meaning of the terms used in a specific industry. An inte-
grated information platform across disciplines can be established by extending the
RDL of ISO 15926. Part 7 is implementation methods, which consists of tem-
plates and facades.

4. Application of product data technology standards to LCA
data

The application of product data technology standards to the representation of life-
cycle assessment data was successfully realised in the CASCADE Project of the
European Commission [10]. The data fields defined in ISO 14048 were mapped
onto the Reference Data Library of ISO 15926 and also onto the relevant data ob-
jects in ISO 10303-235: Engineering properties for product design and verifica-
tion.

The CASCADE Project showed that there were no obstacles for the use in LCA
of the representation of data for products, processes and their properties using the
standards that have developed by ISO TC184/SC4. The unambiguous representa-
tions provided by these standards have advantages for computer-to-computer
communication compared to other methods.
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5. The DEPUIS Project

The EU Project DEPUIS — Design of Environmentally Friendly Products Using
Information Standards has the objectives of enabling more companies to adopt the
approach of the IPP and to enable more people to develop the awareness and
knowledge to put this approach into practice. The method adopted to achieve these
objectives is the creation of a web site that has two main sections:

a multi-media handbook on the standards for LCA and product data technology
and which provides other useful information;

e-Learning courses to enable more SMEs and software developers to adopt IPP
environmental tools such as Life Cycle Assessment and Eco-design with the aim
of achieving and marketing environmentally-friendly products. The e-learning
courses are free of charge.

The web site [11] is hosted by ENEA — the Italian national research organization
for new technology, energy and the environment.

The aims of DEPUIS are also to provide basic knowledge for software developers
to help them to produce software compatible with International Standards, and to
provide feedback to the standards developers.

The multi-media handbook is a compilation of information from many sources
that is also frequently updated. The main components are:

e Interested Parties registration

e Examples of application of PDT and LCA integrated approach
e Searchable data base for standards

e Scarchable data base for good practices

e Searchable data base for courses

e Certification and training system

e FAQ

e Other useful stuff

The Handbook includes a self-evaluation questionnaire, as a tool to promote the
awareness among SMEs on the need of a good product data management. It is
composed of seven sections about the following issues:

e Interoperability
e Data archiving

e Environmental data management
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e Materials data availability
e Knowledge of existing standards

e Training, qualification and certification

The self training learning courses allow anyone, anytime and anywhere, to gain
the knowledge they need in order to participate in the workshops in a proactive
manner. Workshops will suggest how to improve and how to implement what the
Standards experts on PDT have developed and will be organized in the second
half of the project when the multimedia handbook, the guidelines and the tutoring
have been consolidated and the participants in the workshops should be more pre-
pared in PDT and LCT. The courses are realized using a model set up by ENEA
The methodology utilised by ENEA has been considered among the best 10 prac-
tices at international level by CEN ISS [12]. Each course is organized into a series
of modules. The desired levels of attainment that have been identified for the each
of the subjects in product data technology are one of:

e Awareness — familiarity with the scope and benefits of the technology;

e Knowledge — understanding of the principles and practice of the technology
and the details of the scope of the standards;

e Skills — able to put the technology to use in engineering software.

The attainment of the Awareness level provides an introduction to everyone and
would also be an appropriate level for managers and decision makers to reach. The
attainment of the Knowledge level would be appropriate for design and project
engineers, university academics and their students, IT managers, environmental
consultants. The attainment of the Skills level would be appropriate for software

engineers and their managers who implement the standards.

6. Conclusions

The DEPUIS Project has shown that there is a strong interaction between whole-
life thinking and product data technology. The management of data throughout the
life time of a product requires new methods that do not depend on the life-cycle of
proprietary software and computer systems. Product data technology is available
for this purpose now and new research is not needed in order to produce a solution
to the problems of life-cycle data management.

There are now enough applications of product data standards to support:

e a supply chain of data both to and from accumulations of LCI data sets;
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e support for the measurement of environmental data with an audit trail to pro-
vide validation;

e support for recording the changes in the life of a product as maintenance re-
places components;

e detailed descriptions of complex product that will support end-of-life strategies.

The DEPUIS project has developed a distance learning system as well other useful
tools in order to enable individuals and enterprises to learn about the estimation of
the environmental impacts of their products and processes and to introduce prod-
uct data technology based on the International Standards for specifying the techni-
cal data for products that these estimations require.

DEPUIS also promotes the use of the standards by raising awareness about the
benefits of a consequent better management of the products from every point of
view: reduction of time to market, reduction of mistakes, better maintenance ser-
vices and, in the end, lower costs of production, which is a goal of every company.
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Abstract: Processes are very important for the success within many business
fields. They define the proper application of methods, technologies, tools and
company structures in order to reach business goals. Important processes to be
defined are manufacturing processes or product development processes for
example to guarantee the company’s success. Over the last decades many process
modeling languages have been developed to cover the needs of process modeling.
Those modeling languages have several limitations, mainly they are still
procedural and didn’t follow the paradigm change to object oriented modeling and
thus often lead to process models, which are difficult to maintain. In previous
papers we have introduced PML, Process Modeling Language, and shown it’s
usage in process modeling. PML is derived from UML and hence fully object
oriented and uses modern modeling techniques. It is based on process class
diagrams that describe methods and resources for process modeling. In this paper
the modeling language is described in more detail and new language elements will
be introduced to develop the language to a generic usable process modeling
language.

Keywords: process modeling language, PML, UML

1. Introduction

As the tendency of enterprises to collaborate growths steadily, industry faces new
challenges managing business processes, product development processes,
manufacturing processes and much more. Furthermore, discipline spanning
product development processes are increasing, e.g. desired mechatronical
products are in the need for knowledge from mechanical, electrical as well as
software engineers. Humanists and economists also play a huge role in modern
product development processes. Each individual discipline has its own, well-
defined and specific processes, which typically are based on well-tried
methodologies. These process descriptions are very powerful within the traditional
discipline or the original enterprise, they were invented in. On the other side, they
lack for flexibility, due to the reason that most existing process descriptions are
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based on a procedural approach. These are not powerful enough to meet
requirements of describing cross collaboration. In particular OEMs challenge the
integration of suppliers. Suppliers have different levels of access to the OEMs data
base, data exchange is handled based on integration level. Furthermore the levels
supplier get differ between suppliers and projects.
Taking everything into account, the need for a process modeling language that
meets the above shown requirements is obvious. Not only must the different
disciplines be supported, but also cross enterprise collaboration, as well as
supplier integration. Still there is no proper description for this kind of flexible
processes descriptions. To meet all these needs a new process modeling language
is developed and demands the following requirements:

e Support of hierarchical structures.

e Support of flexible interpretation of a defined process without getting
incompatible — support of generalization and specification.

e Robust process definition for flexible proceeding sequences of activities
without losing process comparability — support of interchangeability of
processes.

e Support of different integration scenarios and levels without changing process
description at any time — support of flexibility of processes.

e Easy to learn and read — audience of those process definitions are very broad.

This paper summarizes the previous work done in defining a new process

modeling language — PML — and introduces new aspects of the language.

Although the development of PML isn’t yet finished within the context of this

publication, the process modeling language reaches a state, where it can be started

to use in a productivity environment. A conclusion closes this paper.

2. Existing Process Modeling Languages

In this chapter some existing process modeling languages are covered. It is briefly
described why they do not meet the requirements of modern process definitions.
For an in depth analysis and further details we refer to [1].

IDEFO/SADT and Event Driven Process Chains (EPC) are procedural process
modeling languages and support modeling processes with different levels of
details. Both process modeling languages lack for transparency and clarity if they
are applied to complex processes. Moreover, they are not very flexible regarding
changes to the proceeding sequence of activities. [2, 3, 4, 5]

The Unified Modeling Language (UML) offers an all spanning modeling
language. Regarding data and information model the language is object oriented.
If UML is utilized to describe processes, UML reveals several disadvantages.
UML is not an object oriented language for process modeling, because processes
are still modeled procedural. Each activity is seen as an object. Relations between
activities still base on logical states. Processes defined with UML are not very
flexible regarding changes in the proceeding sequence of activities. [6, 7, 8, 9]



PML, an Object Oriented Process Modeling Language 147

Business Process Modeling Notation (BPMN) representation of processes is quite
similar to the UML activity diagram. It is a standardized graphical notation for
drawing business processes in a workflow. Processes are defined as a sequence of
activities in swim lanes. Again it is a state based connection between object
oriented activities. Therefore the evaluation result upon BPMN is similar to the
UML verdict. [10, 3]

The Integrated Enterprise Modeling as a refinement of SADT enables users to
generate views on the complete enterprise, not only on its processes. Processes are
still in a SADT kind of style. Due to its retaining on logical sequence of activities
it has no real advantage in modeling flexible processes. It still lacks a powerful
support of process flexibility. [11, 3]

The Process Specification Language (PSL) basically is an ontology for describing
processes. As PSL’s objective is to serve as an Interlingua for integrating several
process-related applications without formal and graphical constructs, it is therefore
not capable for process modeling. [12]

The Semantic Object Model (SOM) methodology allows flexible and robust
process modeling, based on the division of an enterprise model into several model
layers, each of them describing a business system from a specific point of view.
Within the process model the activity objects are connected with events. In
comparison, SOM is most progressive regarding the definition of relations, but its
constructs are difficult to understand due to the complex, integrated approach. [3]
The modeling languages still describe relations on state based, proceeding
sequences of activities. Taken together these results evoke the need for a new
process modeling language facing the requirements of the paradigm change. [1]

3. Basic concepts of the Process Modeling Language

A new approach for a process modeling language has been introduced in [1],
which uses object oriented techniques and hence meets all requirements. This
approach uses the well known and widely used modeling language UML, that
applies object oriented techniques to obtain modularization, reuse, flexibility and
easy maintaining, among others, in the field of software and system modeling.
Ongoing developments on the basis of UML, like SysML, prove the sustainability
of the UML metamodel. Thus UML is a good starting point for the development
of an object oriented process modeling language.

Fig 1 shows the definition of an UML class diagram including class name,
attributes and methods.

class

attributes

methods

Fig 1 UML class diagram
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The class itself is time invariant as it is a generic description of the content of the
context. But the instance of a class, an object, is time variant, because it holds
characteristic values that can be checked to given times and can change over time.
This means, the values can change, but the general structure of an object (number
and kind of attributes) can not change.

Having a time variant object it can be derived by time regarding to [13]

) P ) . |
lim Object(T') — Objec(T,) _ dObject _ Object . (1
T—>T, T — T;] dT

Equation (1) shows that the content of an object, which means the attributes of an
instance of a class, may change over time. Given a rule to change the attributes of
an object one can express the change of the object’s content as a process instance,
which is shown in (2). Note that we use a discrete time 7 instead of continuous
time ¢ to implement “time steps”. This is due to the result of the derivation as
different process instances may need different time intervals to execute.

Object = Process instance ()

As we have derived the object we now have to derive the object’s content. Fig 1
uses the word attributes as defined in UML, in equation (3) we will derive the
attributes, but using the word information to make the meaning clearer and more
generic.
lim Information(T') — Information(Ty) _ dInformation
=T =1t dT
The derivation of information shows that the information may change over time.
So the change of information, the change of attributes or data can be expressed as
a method, which is shown in (4).
Information = Method )
The last field of a UML class diagram and thus in the object holds the methods,
which act on the attributes. In the following we use the term operation for UML
methods to differentiate between UML and our introduction. Operation and the
just derived method are quite similar and are the same in several cases. In the
following we derive the operation, which is shown in equation (5).

. Operation(T) — Operation(T,) dOperation , ®)
lim 2 (7)=-Op () _ 4Op = Operation
=T, T-T, dT
The meaning of the derivation of an operation is quite complex. To express this
mathematically we can use equations (3) to (5), which show, that dOperation/dT
is the first derivation of an operation or the second derivation of information. This
means dOperation/dT is the gradient of an operation or the curvature of
information. The expression gradient of an operation seems quite handsome and
opens the question: what does result in the change of an operation? Or, more
exact, what does result in a change of the quality of the execution of a method?

(€)

= Information
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Think also of the similarity of operation and method. This question directly leads
to the answer to the problem, which is

Operation = Resource (6)

Resources influence the execution of an operation. The use of more or less
resources leads to faster or slower execution, influences the quality of the output,
may lead to more innovation and so on.

Equations (1) through (6) have shown the derivation from a time variant object to
a time variant process instance. Generalizing the process instance we get a process
class, which again is time invariant. The diagram of a process is shown in Fig 2.

process

methods

resources

Fig 2 PML Process class diagram

UML uses assurances to guarantee the range for its attributes. We need assurances
too, but not as static ranges. Deriving a static value by time normally leads to zero.
But knowing that the integral of a delta impulse d(t) is defined as 1 [14] and we
derive the constant with this definition in mind, the derivation of the static
assurance leads to the delta impulse, which can be interpreted as an event. This
means, an assurance for the processes is an event, a constraint becoming true, a set
of data becoming available, time is elapsed and so on.

We introduce the term PML, which stands for Process Modeling Language and
can be seen as an extension to UML, as SysML is. Thus the known techniques of
inheritance, association, and cardinalities can be used. Implementing those
techniques processes can be modeled hierarchically with modularization,
structure, exchangeability and reusability.

[1, 15] show the used way to derive PML. Starting from the time invariant UML
class we have instantiated a time variant object. This is derived by time and leads
to a process instance, or project, which is time variant, and finally generalized to a
time invariant process. The class therefore describes the product in a generic way,
while the real contents are stored in its instantiation. The same is true on process
level. The PML process class describes the process in a generic way. It allows one
to define all methods with assurances and resources needed for the process. The
instantiation of a process is a project. This means, the instance of a process defines
the current occurrence of resources, used data models etc.

Regarding to connections and dependencies between single process classes, PML
features the well known UML-concepts of inheritance and associations. The
concepts for inheritance of process classes follow the notation of standard UML
classes through simple object-oriented means like generic super-processes, sub-
processes, overwriting and inheritance of methods and resources. Structural and
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hierarchical modeling is supported by using the concepts of associations,
aggregations, and compositions and the usage of cardinalities. [1, 15]

Now we want to illustrate the capability of PML means by a complex product
development process and a manufacturing process. This example application
stresses out the advantages of PML regarding flexibility of defined processes,
reusability, clarity and understandability. In [15] we have introduced the product
generation process of integral sheet metal parts with higher order bifurcations. Fig 3
illustrates the process model as an example for the strength of PML. For details of
this algorithm driven development process we refer to [15, 16, 17].
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Fig 3a Process diagram for product emergence of integrated sheet metal products with
higher order bifurcations

As the complete process model is expressed in PML, the generic process
description remains at a level of utmost flexibility and is clearly structured. This
enables all projects dealing with the product emergence of integral sheet metal
products to be modeled with this generic process model by instantiating it. The
model itself does not alter through instantiating it and remains unchanged. An
instantiated process embodies exactly one project representing a specific integral
sheet metal product.

UML supports instance diagrams, which basically are class diagrams with the
instances built in to show the relations between instances and classes. The instance
diagram additionally shows the actual object’s occurrence and hence the used
resources in our process models. As instance diagrams are not very handsome for
complex models we will not use them here. Instead we use other diagrams to show
the instances and — more interesting to processes — their timely and logical
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occurrences. These are the sequence diagram and the activity diagram
respectively. As announced in [1] it is possible to derive sequence and activity
diagrams with PML.

Fig 3 illustrates the activity diagram for the emergence of an integral sheet metal
product. In the UML, an activity diagram represents the logical workflows of
components in a system and shows the overall flow of control. This approach also
fits for PML.

G=velopmant compleled

DI

Fig 3b Activity diagram of manufacturing process

The general meaning of a PML activity diagram is the same as in UML. The black
circle in the upper left corner shows the starting point, the black circle in the lower
right corner shows the end point. Activities are modeled as rectangles with
rounded corners, decisions are modeled as a thombus. Straight horizontal lines are
used to show the splitting of the process flow or the synchronization of processes.
Note that in this example only a small extract of the above shown development
and manufacturing process is illustrated.

Another way to show the instances is by using sequence diagrams. Fig 4 shows the
appropriate sequence diagram for the manufacturing process. As in UML the
sequence diagram shows the life time of objects with its construction and
destruction events and signals.

Fig 4 shows the current instances with instance names and the corresponding
classes they are instantiated of. RollerTrailManufacturing is active for the whole
manufacturing process and activates different sub-processes as planning,
mounting, configuring, and the series production. The pre-production is
constructed and controlled by the configuration to allow iterations to optimize the
machine configuration.

To show the real strength of PML Fig 5 details the manufacturing processes.
Manufacturing consists of SplittingProcess, which has three sub-processes:
LinearFlowSplitting, LinearBendSplitting, and LinearBending. To instantiate
Manufacturing different SplittingProcesses are instatiated. But, using the concept
of object orientation, not SplittingProcess but the sub-processes will be
instantiated. The same is true for the resources in Manufacturing. Machines
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should hold the specialized machines, which are linear flow splitting machines,
linear bend splitting machines, and linear bending machines. Thus having a
generic process description, the product and its manufacturing process is
dependent of the used machines, the splitting processes and their order in the
manufacturing line.

The method names manufacture are used in the process classes Manufacturing,
SplittingProcess, and its sub-processes. The manufacture method in the
SplittingProcess and its sub-processes can just be implemented and used, but the
manufacture method in Manufacturing has to be implemented on its own in the
actual instance to specify the manufacturing process for the actual product.
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Fig 4 Sequence diagram of manufacturing process

Manufacturing
+manufacture —

Wachines

SplittingProcess

PreProduction i i SplittingMachine

i
| \

Li i Lis ittii LinearBending

+manufaciure +manufaciure +manufacture
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So the production depends on the resources and the order of the usage of the
resources. Hence different products can be produced using the same generic
process model.

4. Additional Aspects of PML

We have shown the derivation and usage of PML in the previous chapter. Now we
want to integrate other UML concepts in the context of PML and, to be
continuous, give a mathematical explanation of the concepts.

Activity Diagram

In the previous chapter and in [15] we have used the activity Diagram, but without
a mathematical description. As one can see in Fig 3 the concepts of activity
diagrams use Boolean descriptions to model the activities. An activity gets started
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if the result of the previous activity gets true, e.g. has finished. Thus the model is
based on Boolean states.

Decisions use one input and two outputs in their process flow. The input is again
triggered by the result of an activity becoming true. The two outputs can be seen
as the decision is true or false, expressed with variable x, the output is similar to x
or x.

Synchronization lines can be expressed using the Boolean symbol and (A) to
model that all incoming events have to be true or with the Boolean symbol OR
(V) to model that at least one of the inputs has to be true. Another possibility is

the Boolean operator XOR (@ ) to model that exactly one input has to be true and
all other false.

Hence the activity diagram can be expressed mathematically using Boolean
expressions. Discussing the Boolean expressions in the context of the timely
derivation one can see that UML uses the activities of its classes in this diagram.
The same is true for PML. The only difference is the used field of UML’s or
PML’s class description, regarding to Fig 1 and Fig 2. UML methods are in the
third field, PML methods are in the second, central field.

Sequence Diagram

The sequence diagram lacks the mathematical description too. This is introduced
in the available paragraph.

The sequence diagram uses objects, which are instances of process classes. This
means the sequence diagram uses time variant objects and therefore is time
dependent. This makes sense as the sequence diagram doesn’t model a process but
a given project.

Another important aspect of processes is that they do not necessarily converge.
Think for example about product development. There may be a set of
requirements for the new product that lead to a dead end development or a very
expensive one that is stopped to save money for the company. Thus a process may
diverge. Knowledge about the convergence of processes and the discrete time
steps make it obvious to use z-transform [14] to describe sequence diagrams.
Using the example of the previous chapter shown in Fig 4 the sequence can be
written as

y(iz)=a)+a(z-1)+b(z-1) +a(z-2)+c(z-2)+
a(z-3)+d(z-3)+a(z—-4)+d(z—-4)+e(z—-4)+ (7
a(z-5)+d(z-5) +a(z—-6)+ f(z—-6)+a(z—-17).

Equation (7) uses the letters a to f for the process instances and y for the result to
enhance the readability. Process instance a is active for the life time of the
example, starting all other process instances except of e which is started from d.

Interaction Diagrams
In the UML exist 4 types of interaction diagrams. These are the sequence diagram,
the interaction overview diagram, the communication diagram, and the timing
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diagram [9]. The sequence diagram has just been described mathematically, all
other interaction diagram types can be handled similar, but they show different
aspects of interaction within the running time of a process instantiation. Thus we
pass the in depth view to these interaction diagrams.

State Machine Diagram

The state machine diagram in UML shows the actual state of time variant objects
to given times fy. The same is true in PML. The state machine diagram shows the
actual state of a given process instance P(7) at a given time 7. This can be written
as

StateMachineDiagram +— P(T). (®)

Package Diagram

The package diagram is a structural diagram. It clusters processes and bears the
capability to organize processes particularly for modularization and reuse.

Package diagrams can be described using the set theory. The membership
operators element of (€ ) and subset of (<) can be used to describe the relations
of processes and packages to subordinate packages. The union operator (|J) can
be used to cluster processes and packages into a subordinate package. Fig 6
illustrates this concept.

Package 2
Package 1

Process 2 Process 3

Fig 6 PML Package Diagram

Use Case Diagram

Use case diagrams get a special meaning within the context of PML. In UML use
case diagrams are mainly used to model the context of the system to be developed.
Thus the use case diagram can be seen as a diagram to model requirements.
Although the use case diagram in PML can be used to model requirements for the
processes to be developed, it gets its strength as a documentation tool for the
processes or projects as instances of processes.

To make this more understandable, we introduce an example for quality
management. The ISO 900x certification is approved on a certain process. This
means a company describes a quality management process in a certain context and
asks for approval. If the same company deploys products in a different context
they need to describe the quality management process again and ask for approval
once again. If the ISO 900x certification process is described in a generic way
using PML it only needs approval once and can use this process for different
projects in different contexts, using different parameters for instantiating the
processes or specializing some process classes. Thus modified projects can be
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instantiated or enhanced without losing compatibility to the approved generic
process.

To document the instantiation of processes use case diagrams can be used to
describe reference instantiations and interactions of projects and sub projects
without actual instantiation of a project.

5. Conclusion

The strength of the shown approach for process modeling is the complete object
oriented view to processes and the differentiation and linkage of and between
processes and projects. As in data modeling process modeling can now be done in
a generic way. The introduced process description perfectly fits into PDM systems
with the process class descriptions. Hence process management is now process
modeling at running time. A process in a PDM system can be extended by more
classes, that extent existing classes, or specialize them. The instances of those
processes are used in projects, which define the parameters of the instances. The
implemented technique of processes and projects within PDM systems is then
similar to data models, where object orientation has been a standard since years.
The object oriented approach of process modeling introduces a paradigm change
not only to the view of process and project management, but also enables new
possibilities for interoperability. Heavy use of modularization enables
exchangeability and process reusability and hence strengthens the integration of
third-party processes. This leads to more powerful cross-enterprise collaboration.
Another important point is the certification of processes. Depending on products
or customers it is necessary to have certified processes. Think of ISO 9000 or
certification for medical issues. With PML the process is only certified once but
can lead to different instantiations — regardless to the project (in terms of same or
different product).

Future work on PML will cover many important topics. Using PML to model
more real world processes and using it for productivity projects will prove the
usability of this new modeling language. Missing components will be added to
complete PML. Also the formal description of PML, regarding to UML, has to be
enhanced and will be covered in future work.

Most important concepts that are still missing are process and project
management. Using PML process and project management get new meanings.
Thus the meaning of process and project management has to be redefined in the
context of PML and new management methods have to be developed.

To apply PML for productivity it may be very interesting to develop a model to
map the PML process class diagrams into PDM (Product Data Management)
systems and use the instantiation for actual projects within product development.
UML tools have the capability to generate source code from the class diagrams.
Future work will cover the possibilities to generate PDM descriptions from PML
models to map processes into engineering tools.
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This paper has shown the concepts of the new process modeling language PML.
Deriving PML mathematically from UML led to a process model that supports
object oriented process modeling capabilities. Thus the requirements for a modern
process description language have been fulfilled, such as modularization,
exchangeability, cross enterprise collaboration, easy maintenance, enhance ability
and many more.

This paper has introduced and discussed many new diagram types that are known
from UML. The usage of PML has been shown with a complex example that
illustrates the strength of this process modeling language. Thus the basic work for
the usage of PML in productivity has been done.
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Abstract: To achieve different assembly operations on the aircraft structure, the
aeronautic OEM needs to create and manage various fixture tools. To cope with
these needs, the OEM begun to adopt the supplier integration into the tooling de-
velopment process. This paper presents a conceptual PLM-based approach to sup-
port new business partnership of different suppliers. The new business partnership
aims to improve the role of supplier in the different tasks of design, configuration
and fabrication of the tooling. The use of the PLM concepts is proposed to en-
hance the collaboration between OEM and the equipment’s suppliers. UML mod-
els are proposed to specify the structure of the PLM solution. These models de-
scribe the relation between the aircraft assembly project, and the tooling design
process.

Keywords: Suppliers Integration, PLM, UML, Innovative Organisation

1. Introduction

The role of supplier in a successful assembly process of aircraft component is very
important. Because of the specific aircraft structure, assembly department needs to
constantly design new fixture tools used for new assembly operations. It obviously
happens when the aeronautic OEM creates new aircraft model, and also when this
OEM modifies the existing models to satisfy a particular customer requirement.
To deal with assembly tool costs and time to market optimization challenges,
the collaboration between OEM and suppliers should rather go into strategic part-
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nership, covering the whole tool’s lifecycle. The purpose of our research is to de-
velop a new business partnership that enables efficient collaboration between
OEM and suppliers. This partnership would enhance the suppliers’ role in the de-
sign process of assembly tools. The case study concerns the tooling design activi-
ties and manufacturing process in the aeronautic industry. The construction of this
business partnership is obtained according the following perspectives:

e Definition of its mission and organization,

¢ Identification of new methodologies to optimize it's operating processes,

e Realization of a collaborative IT framework to support its activities.

The paper focuses on the last perspective and describes a conceptual framework
to specify an innovative PLM-based approach. The originality of our approach
comes from the high abstraction level of the proposed models based on the situa-
tion concept. These concepts are useful to describe different organization forms. It
mainly provides specification of IT system that can gives innovation aided by en-
hancing the project organization in the context of extended enterprise and by fa-
vouring interoperability between heterogeneous information shared between OEM
and supplier systems (for instance, between SAP system to capture Aircraft infor-
mation at the OEM level and DELMIA system to identify the tooling behaviour in
the assembly process, at the supplier level).

First, we present an overview of the context study and the interest of PLM ap-
proach to solve this problematic. Second, a literature review is presented concern-
ing the use of PLM methodologies to support the OEM supplier partnership.
Third, we develop our conceptual models of the IT structure. The specification of
the PLM-based approach is defined according to a unified modelling that de-
scribes, at the same abstraction level, the product (assembly tools or equipment)
data and process data. Fourth, the concept of project view is presented. Using the
UML activity diagram, we detailed some functionalities of the future collaborative
system to manage the equipment design project.

2. Context and aims of the study

Traditionally, in the aeronautic industry, the tooling supplier is a basic manufac-
turer of the assembly tools. The design and manufacture processes of these tools
are considered as a sequential one. First the design department delivers the engi-
neering documents of the different aircraft parts; the production engineering de-
partment specifies and designs the detailed assembly processes and needed tools
to carry out the assembly operations. Then, the production engineering department
sends the detailed specifications to the supplier for tools manufacturing.

Figure 1 shows this configuration. On the one hand, three departments are en-
gaged in the global process of assembly tools purchasing: production service
specifies the assembly needs, the equipment’s R&D designs the tooling structure
and the purchase service negotiates and sends the order to supplier. On the other
hand, several suppliers located in different geographical locations are contracted
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with to produce the various parts of the tool. After the completion of the tool, it is
sent directly to the production shop for use.

Current configuration

Original Equipment Manufacturer Suppliers

Supplier 1
Assembly "\ Assembly | | Equipments| | Purchase [__—71 Supplier 2
needs .

preparation R&D service
7 Supplier n
Equipments
Equipments workshop

Figure 1 The current OEM-Supplier partnership.

During the manufacturing process of the assembly tool, some modifications
may occur on the initial configuration of aircraft components. These modifications
imply changes on the specification of the assembly process and thus of the assem-
bly tool. The whole cycle of the assembly tool ordering is then repeated to cope
with the new specifications.

This approach proved its limits in the current context. The supplier is not inte-
grated in the first stages of the tools specification and likewise, the OEM has not
access to the manufacture process of the tool. Thus, much iteration is occurred
before obtaining the final tool definition fulfilling the requirements of production
engineering department. Several problems have been observed during the prelimi-
nary study: Important time and costs of the assembly tools manufacturing (and
consequently for the assembly process of the aircraft parts, delivery date not re-
spected); difficulty to manage the assembly tool range by the OEM (no-use of
standards, bad maintenance...); the OEM has to manage several product data in-
terfaces with various partners.

In the future configuration, an innovative PLM-based approach is proposed to
support a new business partnership approach. PLM is used for the seamlessly in-
tegration of all the information specified throughout all phases of the equipment’s
life cycle to everyone in the new organization (OEM and a new global supplier
network) at every managerial and technical level. Figure 2 shows the proposed
configuration of the new business partnership. In this configuration, design tasks’,
configuration and fabrication of the assembly tool are performed collaboratively
with the new global supplier network. Suppliers are already informed by new
modifications of the assembly operations and design themselves the new tool.

This description shows important evolutions in the configuration of the devel-
opment process that can be summarized by considering the shift from a linear and
sequential process to a much more “interactionnist” one [1]. This reconfiguration
should lead to significant improvement in cost and time saving in association with
a greater innovative potential [2], [3].
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But, what is at stake in this study goes beyond the development process and the
impact or the evolution has to be considered at the (inter)organizational level. We
can both consider the renewal of the expected shared competences and new gov-
ernance modalities for these new relationships [4], [5].

Future configuration

‘ PLM Solution (Product Lifecycle Management) ‘

Assembly \ Assembly Design, fabrication, reconfiguration, S?Jf;)lia;r
needs preparation modification, stockpiling, ... Network

[ Delivery ‘

Equipments

Figure 2 Future configuration of OEM-Supplier partnership.

First, in the traditional development process, the supplier’s competences were
exclusively manufacturing ones. In the new process, the expected incomes evolve
towards innovation capacity, sub-system integration, proactive behavior during the
process... This leads to consider the new role of the suppliers, not only as an effi-
cient manufacturer, but more as a service supplier, collaborating in the definition
and conception stages [6]. Thus, knowledge transfer and learning capacities are at
the core of these new activities for these suppliers [7]. So, as we can see, this evo-
lution will have to be encompassed in a wider evolution of the competences that is
expected from the suppliers.

Second, to promote greater innovative potential, interactions between the dif-
ferent partners will have to be carefully managed, because of the change in the
nature of their transactions. We can at least anticipate three significant modifica-
tions in their relationships. The advantage of the new process is a more important
distribution of risk between the partners, previously only assumed by the OEM. In
the new context, risk is distributed between all the involved actors. This collabora-
tive organization implies that the partners reveal some of their competences, to
combine and fertilize them. Thus, the management of core competences and the
equilibrium between the individual interests of each actor and the collective objec-
tives has to be questioned [8], [9]. And, to promote innovation, upstream monitor-
ing and planning will necessarily have to be adapted, in order to facilitate the
emergence of new opportunities, which were not anticipated at the beginning of
the collaboration. This seems all the more important, that previous studies have
shown that innovation through cooperation is linked to a sort of “plasticity” of the
relationship, allowing to discover new opportunities and sources of learning [10].

These different preliminary elements shed light on the extended impact of this
evolution in the development process, both in the vertical interactions (between
OEM and suppliers) and in the horizontal ones (between suppliers). The innova-
tion and collaboration objectives show that governance will have to rely on a new
equilibrium between contractual prescriptions and trust based relationships [11].
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Indeed, to promote innovation, contracts will necessarily remain uncomplete and
could lead to strong inertia during the collaboration, while trust, both on compe-
tence and behavior, will bring more flexibility in front of novelty and knowledge
mutualisation. This vertical and horizontal integration that necessitate risks and
benefits sharing, implies developing common practices and methodologies. By
sharing project management approach, problem solving methods or design meth-
odology, the partners would in turn shared objectives and decision processes.

Even if this contribution is focused on the definition of a PLM platform, these
different elements have to be mentioned. They necessarily won’t be neutral for the
definition and appropriation of this new support by the different partners.

PLM is used for the seamlessly integration of all the information specified
throughout all phases of the equipment’s life cycle to everyone in the new organi-
zation (OEM and a new global supplier network) at every managerial and techni-
cal level. The following section presents a literature review about PLM concept.

3. About Product Life Management

PLM is defined as a systematic concept for the integrated management of all
product related information and processes through the entire lifecycle, from the
initial idea to end-of-life [12]. In [13], PLM is considered as a strategic business
approach that applies a consistent set of business solution in support of the col-
laborative creation, management, dissemination, and use of product information
across the extended enterprise.

Such as in the automotive industry, the aeronautic industry is seen to adopt the
supplier integration into the development process. The new management culture
considers necessary the PLM approach to get these goals [14]. Tang [15] present a
literature review of PLM approaches used in automotive industry to improve col-
laboration between OEM and suppliers. The lifecycle currently support the OEM
supplier partnership can be grouped in collaborative environment with three main
phases [16]:

e Designing the systems to be used in the OEM’s product.
e Supply chain integration to produce and deliver the requested systems to OEM.
e Provide services for the components for both OEM and supplier systems.

The IT solution to support PLM results from the integration between enterprise
resource planning (ERP), product data management (PDM) and other related sys-
tems, such as computer aided design (CAD) and costumer relationship manage-
ment (CRM) [17]. A critical aspect of PLM systems is their product information
modeling architecture. In the literature, several representations of the product data
are presented [18], [19]. The unified representation of the product knowledge can
favor semantic interoperability of CAD/CAE/CAM systems at the conceptual
level [20]. UML is currently used to support product models [2]. STEP and XML
are used to obtain interoperability at the implementation level [22]. Sudarsan [23]
propose a product information-modeling framework that aimed at support PLM
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information needs and intended to capture product data, design rationale, assem-
bly, tolerance information, the evolution of products and product families.

However, product model is not the unique element in a PLM data models.
Nowak [24] present architecture of a collaborative aided design framework inte-
grating Product, Process and Organization models for engineering performance
improvement. Danesi [25] propose the PALM methodology which allows the
management of Projects, Products, Processes, and Proceeds in collaborative de-
sign and that aims to allow the integration of information coming from different
partners which are involved in a PLM application. This framework allows a top-
down approach by defining functions in an abstraction level according to four
modules (Project, Product, Proceed and Process).

In aim to get best integration of suppliers in the automotive design and manu-
facturing processes, Trappey [26] develops and implements an information plat-
form called advanced production quality planning (APQP) hub. The information
hub mainly provides a collaborative environment that enhancing the visibility of
the supply chain operations and contributes in collecting and delivering APQP
documents among both the OEM and all supply chain. This information platform
applies the concept of modularized assembly and consists of five major functions:
Categorized part library, project based collaborative design, real-time information
exchange, on-line confirmation of modularized products, and on-line negotiation
and ordering. Each one of the obvious functions is implemented according to an
interactive process.

Our work deals with the integration of Product, Process, and Organization di-
mensions of a design project. Several models are developed to support, at the con-
ceptual level, this integration.

4. The Package model of the PLM approach

At the conceptual level, our approach is based on the concept of working situation
proposed in [27]. According to this model, each process and activity in a collabo-
rative design project is considered as an interactional entity that refers to links
between various entities of the situation. These entities may bring together differ-
ent physical elements such as human resources and material resources (product,
drawings, documents, CAD tools, planning tools, etc). It may bring together, also,
other interactional entities (activities, processes, communities).

The nature of the contribution made by each entity to the interactions is formal-
ized in this approach using the concept of specific role that is a systemic extension
of the role proposed in the organization theory [28]. Five kinds of specific roles
are distinguished:

e The “actor” role concerns every entity who/which participates directly in the
interaction and who/which is responsible for the end result.

e The “customer” role brings together all the entities that are going to be receiv-
ing the end result of the interaction.
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e The “manager” role concerns every entity who/which regulates the functioning
of an interaction.
e The “support” role includes every entity who/which give help in an interaction.
e The “object” role concerns every entity on whom/which the interaction acts.
Figure 3 describes the global package model structuring the PLM data. Accord-
ing to this model, the assembly tool (equipment) may be considered as a mediation
artifact since it is simultaneously a support of the assembly aircraft project (that is
performed in the OEM Assembly Workshop) and, the main object of the equip-
ment project (that are realized by the new trade organization). Aircraft project
plays the role of customer of the equipment project. The different needs of the
equipment project are specified according to the different activities of the aircraft
assembly process. Thus, Aircraft processes take also the role of customer in the
equipment processes.
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Figure 3 The package model structuring our PLM approach.

The processes packages (of aircraft and equipment) group various processes
that organize the functioning of related projects. For example, design and fabrica-
tion processes are the principal processes of the equipment project, its play the
role “actor”. The process data concerns both the assembly process of aircraft parts
and design process of the equipment. Saved information is used to recognize the
activities evolution of each partner (new requirement of the OEM, new kind of
assembly tools proposed by suppliers ...).

The data model package organizes, according to various sub-models, the
equipment’s information that are produced and manipulated during different
stages of the whole equipment lifecycle. The detailed data are stored in different
documents represented by “documents package”. For example, the structural
model contains information about the physical composition of the equipment. The
detailed structure is stored in CAO documents.
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5. The project view

We consider the concept of project as a form of operational interaction including a
set of processes in order to obtain specific goals. The project structure consists of
a systemic decomposition into different sub-projects regarding to the product
complexity.
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Figure 4 The project view.

Figure 4 shows the Meta model of the project structure, the project is consid-
ered as an interactional entity according to the situation concept (cf. section 2).
Each project contributes to one or several goals. The class “goals” make depend-
ence between the project view, the process view and the task view.

The project Meta model presents the contribution of different elements simi-
larly at the organizational level (organization of different human resources and
communities) and at the operational level (organization of different processes).
The contribution of all project elements is presented by an instantiation of: {the
class entity, the class role (replaced by a specific subclass) and interactional entity
(in this case project)}. For instance, the Aircraft project is associated to the
Equipment project by mean of the “Customer” class.

The main idea is that both the aircraft design project and equipment design pro-
ject are described under the same main project reference. When a manufacturing
order of an assembly tool is submitted, a new sub project for this need is created.
All aircraft sub-project that are concerned by this equipment are related to the
above project in the global situation framework. For this use case, three specific
roles where to be considered:

e The aircraft R&D takes the role of actor in the aircraft design process and the
indirect “customer” in the equipment design process (send the original needs
through the production department). We note this entity “Aircraft R&D”.

e The production department takes the role of support in the aircraft design proc-
ess; it performs different assembly operations. At the same time, it takes the
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role of “customer” in the equipment design process (define the assembly proce-
dure and assembly tool functions). We note this entity “Aircraft Prod”.

e The R&D service of the new business partnership takes the role actor of the
equipment design process. We note this entity “Equipment R&D”.

e The manufacturing service of the new business partnership takes the role sup-
port of the equipment design process. This entity is noted “Equipment Prod”.

Aircraft_R&D Aircraft_Prod Equipment_R&D Equipment_Prod

Create new
Aircraft project
Send first aircraft
Parts specification H
Specify assembly
Operations
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requirements
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|
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|
|
|
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Figure 5 Scenario of creating new equipment project.

Several modeling tools are used to describe process achievement (IDEF, GRAI,
UML, etc.). UML formalism give more advantages since it gives possibility to
represent the static view (class diagram, object diagram) and the dynamic view
(activity diagram, state diagram, etc.) In our approach, we used the Activity dia-
gram of UML formalism as it is shown in the previous figure (figure 5) to describe
the interaction process during the creation of a new project. At the beginning, Air-
craft R&D creates a new project and sends initial specifications to the production
department. It defines the different operations of the assembly process and speci-
fies the functions of the assembly tool to be realized. After, it searches in the fur-
niture warchouse a tool which satisfies these functions. If no tool is founded, pro-
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duction department creates new equipment sub project and sends information to
the supplier network (equipment R&D and manufacturing).

In fact, the real process is established in concurrent way. When, the equipment
R&D starts the design process, manufacturing service is simultaneously schedules
the manufacturing operations and researches the available technological solutions.
Thanks to the collaborative system, the specification and manufacturing of the
assembly tool is performed progressively and co-jointly by different partners ac-
cording to the global scenario.

When a modification in the aircraft structure is occurred, the system informs
the members of the business partnership and sends him the new requirement to
consider in the specification of the related assembly tool. Figure 6 presents the
interaction process for this case.

Aircraft_R&D Aircraft_Prod Equipment_R&D Equipment_Prod

Modify aircraft
specification

Send modifications \L

[Modify assembly} [Modify equipment] Reshedule

Operations solution manufacturing
‘ Operations
i Modify
Validate manufacturing
Operations
Start assembly
process Send tool
®

Figure 6 Scenario of modifying requirement.

6. Conclusions

In this paper, we have proposed a modeling framework to support, at the concep-
tual level, a new PLM approach to improve information sharing in collaborative
design, and then to enhance the integration of supplier in the design and manufac-
turing processes. The final goals of the project is to reduce costs and time to mar-
ket of the assembly tools, and consequently thus of the aircraft product.

The new business partnership implies to establish new collaboration strategy
between OEM and supplier. Other benefits can be obtained from this framework
by monitoring the evolution of collective work and facilitating its coordination.
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The developed framework deals with the integration of Product, Process and
Organization dimensions of a design project, and, in future works, the correspond-
ing extension of CAD/CAM and PDM existing tools. The proposed Product
model gives the structure of the product data base. It uses a generic semantic that
can favor, in our sense, the conceptual interoperability between different product
data coming from different partners.

Although our work is developed initially to resolve a particular problem in a
special firm of the aeronautic industry, the use of a modeling framework based on
the generic concepts of entities and interactions in the working situation may gives
more interests.

In this contribution, one specific dimension has been developed, related to the
PLM platform, to support the shift from a sequential to an interactionnist devel-
opment process. Face to the complexity of such a change, success will not only
rely on this support dimension. This PLM platform will have to be considered in a
more global system/organisation, to take into account the entanglement of tech-
nology, market and usage dimensions. At an operational level, this integrated ap-
proach will enhance the chances of success and at a more analytic level, it will
allow to precise the conditions of application and transposition in other contexts.

Further research work will be performed to improve and validate these different
issues. A prototype is under development and is being tested thanks to our indus-
trial case study.
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Abstract: The paper is partly based on research done for the EU-funded (IST-
2004-2.4.9) project ALIS (Automated Legal Intelligent System) on Intellectual
Property Law. We describe the development process of the ALIS Intellectual
Property ontology from both a legal and a technical perspective. We discuss the
scope and the features of this IP ontology, the lessons learned, and the problems solved.
This is done by comparing our ontology (the ALIS IP ontology) with the IPRonto ontology,
which too is dedicated to IP. The paper also points out the benefits of both the ALIS system
in general and the ALIS IP ontology in particular. Future development of ALIS will involve
expanding its ontology to also include law and trademark law. Once these three legal
ontologies are in place, they will be consolidated into a single ontology that will provide the
framework for a general IP ontology.
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1. Introduction

It was as early as the end of the 20th century that computer scientists began to
explore the possibility of using ontologies for the law [1, 2]. Yet, for all that
experience, we cannot say that we have made much progress today: while the
tools for building legal ontologies have definitely improved, law is usually
conceptualized in the abstract, without entering into particular areas of law, such
as labour law, insurance law, and intellectual property law. Today, there is only
one ontology for intellectual property law (IP law): it is called IPROnto [3]. This
was the ontology from which we took inspiration and with which we compared
our own. In this paper we attempt to create another IP ontology, called the ALIS
IP ontology, based on research done under the ALIS project. The paper is
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organized as follows: Section 2 provides an overview of the ALIS project and the
role an IP ontology plays in it. Section 3 discusses two perspectives that we
adopted: the legal perspective (3.1) and the technical one (3.2). Section 4 presents
the method used. Section 5 brings the ALIS IP ontology into comparison with
IPROnto. Section 6 presents the lessons we learned and the problems we solved in
the process of building our ontology. Section 7 presents our conclusions and an
outlook for the future research.

2. ALIS and Its Ontology

ALIS—a project funded under the 6th Framework Program—stands for
Automated Legal Intelligent System (IST-2004-2.4.9). The project is aimed at
modeling a legal system for IP law and providing citizens and public as well as
private organizations with fast and reliable access to the European IP law.

The problems the project is intended to solve are thus both legal and technical.
There are four ways in which this is so. First, ALIS seeks to apply to IP law
different kinds of research in artificial intelligence, ranging from knowledge
representation and reasoning to game theory. Second, while most of the work
involved in building such a system is in computer science, the people who will
benefit from it will be in the first place will be the lawyers. Third, the legal
problems connected with IP law are being solved using technological solutions,
namely, the ALIS system. And fourth, IP law is at the same time an area of law
designed to protect technological works of mind, providing for authors and
creators a guarantee that their rights will be protected. (The ALIS system is no
exception.)

The reason why we decided to make the ALIS system specific to IP law is that
we believe IP rights to be a central concern in European society today, a concern
owed to the progress of science and technology, and Internet technologies in
particular. Indeed, there is a time lag between law and technology, with
technology renewing on a monthly basis, or nearly so, and law taking years to
catch up. The ALIS system will try to contribute toward bridging this gap.

The scientific community is working actively and organizing many conferences
on legal ontologies and neighbouring technologies (witness LOAIT’05, LOAITO07,
SW4Law(07). These conferences have given birth to a number of publications
aside from their proceedings, including Law and the Semantic Web: Legal
Ontologies, Methodologies, Legal Information Retrieval, and Applications [4]
and, recently, two special issues of the journal Artificial Intelligence and Law
[S, 6].

The ALIS system requires at least two main ontologies: the IP ontology and the
game-theory ontology. The IP ontology is useful for processing the legal
documents crawled by ALIS system. This is done analyzing the contents of such
documents and mapping these contents onto generic concepts.
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Practical use of the ALIS system (as enabled by this ontology) brings benefits
to both the private and the public sector. The copyright collection societies (public
sector) can apply this system in e-governance, while companies and enterprises in
e-commerce (private sector) can take advantage of the ALIS system for DRM
management, for systems by which to manage IP contracts automatically, and
finally for agent-based systems dedicated to IP products. Further, the ALIS system
is important in labour relations (in both the private and the public sector), where
the authorship of a creation (mainly software products) may provoke disputes,
which institutions and organizations prefer to prevent.

3. Two Perspectives in Creating the ALIS IP Ontology

Every ontology is an agreement, a social contract among people driven by a
common purpose [7]. The ALIS legal ontology is likewise an agreement—an
agreement between lawyers and software engineers who have to work together in
this initiative. This section examines the ontology-building process from these two
perspectives of the lawyer and the software engineer.

3.1 The Legal Perspective

For the legal perspective we tried to follow French IP law strictly construed,
without legal interpretation, without taking into account the way in which other
laws come to bear, and without changing the legal terminology: the terms and
concepts used in the ALIS IP ontology are the same as those used in French IP
law. This ontology thus follows the letter of the French law and so takes from it its
normative shape: this was made necessary by the aims the ALIS project is meant
to achieve, especially the aim of making laws easier to draft. ALIS includes an
isomorphic [14] representation of norms through a formalized set of rules. The
same approach—strict adherence to the body of norms in question—was taken for
the ALIS IP ontology, even though this ontology was built to achieve not so much
isomorphism as comprehensiveness and correctness [1].

The concepts making up the ontology were selected by including, from the
start, all the copyright terms that could be relevant to the same ontology: these
include the fundamental legal terms of IP law, such as author and work of mind,
the different types of works of mind recognized under the law (collective,
collaborative, single, and composite); and other terms such as moral right and
economic right.

This selection of concepts did, however, pose a few problems. One of these
was list of works of mind. The law describes this as the list of all the works of
mind protected by copyright, but it does not also define a work of mind, and so it
leaves open the possibility of any further number of works making it into the list,
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so long as they enjoy copyright protection. This is therefore a cautious list: an
incomplete list containing only such works as are encountered on a daily (or
almost daily) basis, which means that it may take in combinations of such works,
or works deriving from them, or any other outcome of human creativity. In other
words, there is room for judicial interpretation on case-by-case basis.

But this way of framing the law and reasoning around it does not help toward
building an ontology: from ontological point of view, whatever terms are not in
the ontology do not exist in the law. The problem of works not mentioned in the
list but which might enjoy copyright protection anyway might be solved in the
future by updating the ontology with new concepts as necessary, on case-by-case
basis. Otherwise the ontology could fall behind what the law deems a work of
mind.

Every concept the lawyers chose to bring into the ontology was checked with
software engineers to see whether the concept (a) falls under a rule and (b) is
relevant within the overall conceptual map of copyright law. For instance, terms
such as contract for hire and service contract do come under a rule—this being
the rule that no contract made by the author of a work of mind can undermine the
author’s ability to enjoy his or her rights to that work—but they are nonetheless
irrelevant to IP law, and for this reason we decided not to include them into the
ALIS IP ontology.

In making a selection of terms for the ontology, we drew up a glossary
explaining what each of these terms means. The meanings so ascribed in the
glossary is broader than that which these terms have under French IP law, and this
was done on purpose, the point being to include all the possible meanings of
certain term that the user might be interested in.

3.2 The Technical Perspective

The technical perspective involves the three concepts of author, work of mind, and
intellectual-property rights, a triplet of fundamental importance to French IP law.
In what follows, we will describe these concepts separately and list related
concepts in italics.

The first concept in the ALIS IP ontology is that of work of mind, which is a
creative expression of intellectual work and may be of different types. French IP
law defines the following types of works of mind: abstract authorship, address,
applied art work, architectural work, artistic writing, audiovisual work, book,
choreographic work, cinematographic work, circus act, collection of
miscellaneous works or data, dramatic musical work, dramatic work, drawing
work, dumb-show work, engraving work, fashion work, feat, geographical map
work, graphical work, illustration work, lecture, literary writing, lithography
work, musical composition with words, musical composition without words,
painting work, pamphlet, photographic work, photography analogous work, plan
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work, pleading, scientific writing, sculpture work, sermon, single work, sketch
work, software work, three dimensional work, typographical work.!

Furthermore, this list does not specify works of mind exhaustively, for these
also get classified on the basis of the manner in which they are created, as
collective, composite, or single works, or again as works executed in
collaboration.

A work of mind is further defined by a term of protection, specifying the period
during which there is an exclusive right to exploit the same work.

The second concept of the triplet is that of author. A work of mind is created
by an author, who may be a natural or legal person, and who may also be
anonymous or pseudonymous. Hence, a work of mind may itself be anonymous or
pseudonymous.

The third main concept in the ontology is that of intellectual property rights,
which every author is entitled to, and which may also be referred to as incorporeal
property rights. French IP law distinguishes between moral and economic rights.
Moral rights protect an author’s personality and reputation. Economic rights
enable the copyright owner to benefit economically from the work’s exploitation,
and they may be transferred to an economic right holder (publisher, editor,
producer) either in part or in full.

French IP Law identifies nine types of moral rights as follows: right of disclose
under the name, right of disclose under to direction, right of divulge work, right of
make a collection, right of reconsider assignment of exploitation, right of respect
for authorship, right of respect for name, right of respect for work, right of
withdraw assignment of exploitation.

Economic rights are in turn divided in two groups of rights: right of
performance and right of reproduction. The former is the right to communicate
the work to the public by any process whatsoever (perform dramas or lyrics,
present or project or recite publicly, telediffuse or transmit also through satellite).
The latter is the right to fix a work into a physical medium by any process
enabling it to be indirectly communicated to the public (publication, cast, draw,
engrave, execute, make photos, print, use graphic or mechanical process).

All italicized concepts in this section are represented as OWL classes
connected by datatype or object properties. Fig. 1 is a UML diagram showing the
relationships between the main concepts of French IP law.

! The terms in this list, as well as in all further lists, appear in alphabetical order and are lifted as
such from the English translation of the French IP law: for this reason, we have chosen not to
change them even when they are nonstandard or seem to make little sense. The same applies to
all italicized terms and expressions from here on out.
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Figure 1 UML diagram laying out main IP concepts

The ALIS consortium, taking inspiration from IPROnto, created the model to
illustrate the lifecycle of the ALIS IP ontology. This is called the OCATU Model
[13].

The lifecycle of an IP case can be defined by the five stages making up the
global process of the OCATU Model:

1) organize — team setup and creation preparation

2) create — source transformation

3) assert — assert the created copyrights (works of mind)

4) transfer — transfer rights

5) use — use the created copyrights (works of mind)

By combining all key data through different stages, we get a tree structure
representing the key facts in a uniform language. Case after case, the tree’s
branches are enriched and yield a common database of copyright cases. Any new
case can then be placed in the tree in the form of a unique path presenting key
events.

When a particular IPR case is analyzed, not all the stages appear explicitly, but
all are necessary to understand the case. The OCATU Model is designed to
structure real cases, especially copyright cases, so as to facilitate the development
of a game theory ontology.
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The process starts from the creation of an object that may be subject to
copyright and ends with the object’s use. It forms a sequence in which no stage
can begin until the previous one has been when completed. The final stage (“use”
may generate another creation, in which case the five-stage process can be
represented as a cycle.

If we want to generate a path from the “organize” stage to the “use” stage, we
have to design a “solution tree,” which includes all the actions a user may take or
does take. Three kinds of paths can be distinguished depending on the point of
view one takes: action paths, showing all the actions a user has taken; status paths,
showing the entire status resulting from user’s actions; and complete paths, which
combine the two other paths.

Organize’ Create ’ Assert Transfer’ Use ’
_— o
—.

software

User A - Participate the
= project
don't organize th
project \

N

Figure 2 Status path of OCATU model

4. Method

In designing the ALIS IP ontology, we followed the main stages described in [10],
which consist in determining the scope of the ontology; considering the reuse of
its concepts; listing these terms; defining a taxonomy, properties, facets, and
instances; and checking for anomalies. Moreover, we used the text of the French
IP law to extract rules and model them in Prolog, and we also extracted definitions
and formalized them in the OWL language.

Like any development process, so the process of developing an ontology is not
linear: some of its stages will have to be iterated, and at any point it may be
necessary to backtrack. Thus, for example, we have extended the ontology with
new concepts from the legal rules expressed in the Prolog language.

The tool chosen for creating the ALIS ontology is Protegé. But we also used
TopBrain Composer, which produces a very useful UML-like documentation but
is not free.

The two ontologies developed for ALIS are used in the ALIS knowledge-base
platform to support different tasks, including document annotation, game-theory
reasoning, checking for legal compliance, and transcribing law into RuleML rules.
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Completing these tasks makes it necessary to access the different concepts and
properties defined in the ALIS ontologies, and it also requires tools that can reason
about such concepts and properties for a number of purposes, such as to detect
contradictions or infer new properties. The ALIS consortium decided to develop
an ontology engine using the Pellet reasoner [12].

5. IPROnto and Comparison with the ALIS IP Ontology

This section describes the IPR Onto ontology, which we took as a benchmark in
building ours, and which to date remains the de facto benchmark for all ontologies
in IP law. The table below (Table 1) compares the ALIS IP ontology with
IPROnto.

IPROnto’s upper ontology, selected to provide a robust ontology basis for
interoperability, is SUMO, a result of the SUO IEEE WG [8] attempt to establish a
standard upper ontology.

Furthermore, IPROnto uses the World Intellectual Property Organization
(WIPO) [9], which is defining a common legal framework for IPR, to complete
the legal parts of the ontology.

Following are the main legal concepts we analyzed: agreement, which takes
two  dependent elements, namely, [PRContract and IPRLicense;
IntellectualPropertyRight, associated with multimedia digital content for
automatic e-commerce on the Internet (it includes copyrights, sui generis rights
(applicable to databases) and neighbouring rights (which apply in particular to
singers and performing artists); copyrights, which include moral rights and
exploitation rights (or economic rights); and LegalEntity, which divides into two
categories, namely, CorporateLegalEntity and NaturalLegalEntity.
A work protected by copyright has a lifecycle that establishes a flow among the
several IPROnto legal concepts. The lifecycle involves roles (Creator,
RightsHolder, ContentProvider, MediaDistributor) as well as actions (create,
transfer, transform).

We have chosen to not use IPROnto for two main reasons. The first one is that
the aim of IPROnto is totally different from ALIS IPR Ontology. Indeed, while
I[PROnto Onto aims at facilitating the automation and interoperability of IPR
frameworks, ALIS Ontology is devoted to ensure that the templates, which will
serve as users interface, were consistent with the information required by the
ALIS system.

The second reason is that the ALIS project limited the scope of its system to
copyright and the ALIS consortium chosen, as reference, the French IPR Law.
This was due to the fact that the system validation will be performed by a French
partner. We have therefore analyzed just the legal concepts cited in this text.
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Table 1 The ALIS IP Ontology and IPROnto compared

ALIS IPR Ontology IPROnto
Area Intelligent legal systems E-commerce in multimedia
content
Purpose 1) to better manage legal documents repositories; To facilitate the automation
2) to make the document-retrieval system more and interoperability of IPR
versatile: frameworks, integrating
both the Rights Expression
3) to create a common layer between legal and Language and the Rights
game-theory concepts; Data Dictionary.
4) to create a general “shared” language enabling
the modules and the Web services of the ALIS
architecture to exchange information; thus, for
example, the GUI module will be “ontology-
based,” connecting every user input to a particular
norm; this norm might establish a certain
obligation for the user, who in game theory also
figures as a player, whose strategy will
consequently take that obligation into account.
Upper LKIF-core, which embeds the concepts of SUMO, which does not
Ontology Manifestation and Expression. embed the concepts of

Manifestation and
Expression but rather
describes them through a
new, specifically designed
sub-ontology.

WIPO? No Yes
Life Cycle | Yes (OCATU Model) Yes
Granularity | Yes No

6. Lessons Learned and Problems Solved

First thing we learned is that the larger the domain an ontology seeks to cover, the
more the ontology will be abstract. Abstractness is precisely the feature of
IPROnto, whose domain is much larger than that covered by the ALIS IP
ontology, which confines itself to a specific part of French IP law and describes it
with highly accurate terms and concepts.

The abstractness of IPROnto may be owed to its direct use of two abstract legal
sources, namely, the Berne Convention and the WIPO Copyright Treaty, both of
which are sketched out in broad strokes and serve mainly as guidelines for the
domestic law of other countries. The ALIS IP ontology also draws on these two
sources but does so indirectly, meaning that the ontology’s direct source is the
French IP law, which is modelled on the WIPO IP sources and so (like any other
national IP law) acts to concretize the WIPO ideas and guidelines.



178 C. Cevenini, G. Contissa, M. Laukyte, R. Riveret, and R. Rubino

The use of French IP law is also to account for other features that distinguish
the ALIS IP ontology from IPRonto.

First, certain concepts mean the same but are expressed using different terms:
[PRonto has exploitation rights, corresponding to patrimonial rights in the ALIS
IP ontology. Another example is creator (IPROnto) and author (ALIS IP
ontology). The division of economic rights is also different: while IPRonto sub-
divides exploitation rights into transformation rights, communication rights,
distribution rights, and reproduction rights, the ALIS IP ontology divides
patrimonial rights into only two classes, that is, rights of performance and rights
of reproduction.

Second, because the ALIS IP ontology has a more restricted domain, it does not
yet have the concepts or the French equivalents of SuiGenerisRights,
NeighbouringRights, WithdrawalRight, ContentProvider, and MediaDistributors.
These concepts can be found only in I[PRonto.

Third, even though the two ontologies share the concept of Moral Right, the
ALIS IP ontology specifies it in greater detail, thus enables users (especially non-
lawyers) to have a better grasp of its meaning even without looking up its
definition.

Fourth, the ALIS IP ontology makes it is possible to specify which economic
rights transfer to the right-holder and which remain with the author(s): this is
especially evident in comparison with IPROnto, where such specification is
impossible.

Fifth, the ALIS IP ontology specifies the concept of Right Holder through the
constituent concepts of Publisher, Editor, Producer, and Performer.

And sixth, the ALIS IP ontology specifies the concept of Work of Mind using
the list of works that the French IP law deems amenable to copyright protection in
France. Also, works of mind are further specified by classifying them on the basis
of the manner in which they are created, as collective, composite, or single work,
or as works created in collaboration.

Another lesson we have learned is that focusing on a well-defined domain
makes it possible to exclude terms from other domains, thus avoiding what
happens in IPROnto, which takes in terms foreign to the IP domain, such as
Customer. This concept was introduced into IPROnto because this ontology
covers not only IP law but also addresses the domain of commerce. Embracing
two domains will enlarge the ontology’s field of application, to be sure, but it also
makes it more difficult to understand and manage this ontology, especially if
designed (at least on paper) to cover only one of the two fields of application from
which it draws its concepts.

We also realized how much work is still left to be done: the ALIS IP ontology
covers only the main chunk of the legislative part of French IP, and its concepts
therefore not only fail to account for the whole of the legislative part but also
leave out the regulatory part. This is the reason why the ontology is still without
many concepts, such as that of agreement, that IPROnto does, by contrast,
include.
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The general concepts of the ALIS IP ontology come from LKIF-core [11]. The
lesson learned here is that it is important to share the tools of the other European
projects we have taken part in. Further, the LKIF-core ontology makes it possible
to connect the ALIS IP ontology with business-intelligence tools, such as
KnowledgeTools and RuleBurst, and so these tools can use the ALIS IP ontology.

We can now analyze the problems we set out to solve. The first problem is that
the ALIS IP ontology is based on the English version of French IP law: we
worked with the English version of French concepts, and this made it necessary to
go back to the original at every turn to figure out what the translation meant or
simply to make sure it was correct.

This problem connects to another we faced, which is that the French IP law
quite often uses different words for the same concepts. So here, too, we had to
study the text closely at many places to determine whether we were dealing with a
single concept designated by two synonyms (which was most often the case) or
whether the two words in question designated two different concepts (which did
happen on a few occasions). This acted as a reminder of the problems involved in
legal drafting and how important it is to produce a good text.

The last problem was that of deciding, for some of the concepts involved,
whether they are better represented as classes or as properties. For example the
concept of collaborative work should be represented as a class or as a property of
a work of mind? We chose to represent the four ways of creating work of mind as
separate classes so that these classes, in consequence, could have their properties.

7. Conclusions and Outlook

We have explained why the ALIS project needs an IP ontology and how this
ontology was built proceeding from both a legal and a technical perspective. We
have also compared this ontology to the only other existing IP ontology, called
IPROnto. Further, we discussed the method used, the lessons learned, and the
problems faced, for which we sought a solution.

The method used to create the ALIS IP ontology can be implied as a model for
the construction of other legal ontologies that may be of direct interest to
commerce. This holds in particular to the legal ontologies for business law,
insurance law, labour law, and contract law.

We hope that in this effort to build an ontology we have done a service to other
scholars with an interest in these issues.

We will continue in this effort. Apart from enriching the ALIS IP ontology
with all of the concepts in French IP law, we will be expanding the ALIS ontology
to also include patent and trademark law. Once these three legal ontologies are in
place, we will consolidate them into a unique ontology making up the framework
for a general IP ontology.
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Abstract: While incremental innovation is for most companies a well assessed
process, radical product innovation is often handled with difficulty, mainly due to
myriad obstacles in the idea-to cash process which limits company’s ability to
innovate. As a typical approach, engineers firstly try to find innovative solutions
only inside their technological product space, basically thinking accordingly to
their commonly assessed know-how. In this paper an industrial case is analyzed,
showing how TRIZ methodology offers to technicians a systematic way to solve
problematic contradictions and find effective ideas.

Keywords: Radical Innovation, Concept Design, TRIZ, Idea Generation.

1. Introduction

Innovation is a complex process, of dramatic importance for organisational
success. Due to international competition intensification and product development
process shortening, the pressure to innovate has continuously been heightening
since the last decades.

The enterprise need for innovation is clearly expressed by Porter and Stern [1]
considering innovation as “the transformation of knowledge into new products,
processes, and services - involves more than just science and technology. It
involves discerning and meeting the needs of the customers”. The terms
“innovation” has been deeply analyzed in scientific literature, mainly focusing on
the difference between incremental innovation and radical one. Kim and
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Mauborgne [2] consider incremental innovation as a sort of “imitation” while
companies should focus on proactive strategy aiming at creating new customers
and markets as well as sustaining the existing ones. On the contrary, author such
as Harrington [3] argue that continuous improvements are the major driving forces
without which the gains for radical improvements are not sustainable. Our point
here is that both incremental and radical innovations are really fundamental for
company growth. More than in incremental innovations, in radical ones engineers
and technicians should extend their creativity on finding the best technical
solutions to drastically and positively change product day-life image. However, in
some cases all the attempts at finding these solutions are really stressful and not
always successful because of “psychological inertia” which persuades engineers
on reasoning only inside their own paradigm or “enterprise area”. As S.D.
Savransky said [4], psychological inertia “leads us away from the solution of the
problem, impedes problem recognition and clarification, creates barriers during
the search for step to solution, complicates decision making, and makes other
stage of the problem solving difficult”. New methodological approaches are
needed [5], allowing to effectively start designing process from a general model of
the problem, efficiently converging towards the best technical solutions.

In this regard, the present paper aims at showing how TRIZ theory
implementation allows the access to the best methodologies and instruments to
stimulate and discipline thinking activity leading to really effective problem
solutions. An industrial case has been analyzed, where a standard, assessed
technology needs to be renewed to comply with emerging boundary conditions in
terms of customer needs and regulations: this study case is the drying phase of
domestic appliances such as dishwashers, dryers and wash-and-dryers. The
experimental tests have been carried on in collaboration with Indesit Company, an
important European company, leader in the domestic appliances market. Over the
last years, a strong focus on innovation has been performed by this company: a
dedicated technical area, the Innovation& Technology Direction, has been built up,
whose specific aim is to constantly bring innovation into the industrial products:
new technologies, new materials, breakthrough product concepts are continuously
being investigated, in order to assess their technical feasibility on the domestic
appliance environment.

In this article, we firstly overview which are the main driving innovation forces
in modern enterprises, focusing on houschold appliances, and how firms try to
enrich these outcomes. Section 3 describes the drying cycle and the company need
for innovation. In Section 4 we discuss our approach to the problem using TRIZ
Contradictions Matrix.
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2. Driving innovation forces in modern enterprises

Product innovation in industrial process and design of consumer goods is
nowadays increasingly achieving more and more importance: continuous strengths
are held in order to maintain product competitiveness at top level, to efficiently
face competitors’ actions and increase the market share. Systematic methods to be
used in the day-by-day activity are still not present in standard product life cycle
management, but a continuously increasing number of innovation projects, aimed
to generate new product concepts, are now common also in this industrial sector.
“Market-driven projects” and “technology-driven projects” are two typical cases
of new concepts projects. In both cases, two basic instruments are used:
brainstorming sessions among researchers, designers, marketing people, and
consumer tests. Two are the key points for innovation: a clear identification of
customer and market needs and the transformation of these requirements into
innovative technical solutions. Preliminary actions shall be mainly focused in
correctly understanding the real likes and dislikes of potential customers, and also
in assessing the added value they would be ready to charge in the new product.
The problem here is that consumer test results are often unclear, and the more
innovative is the concept, the harder is to obtain an immediately enthusiastic
answer among all consumers. Leaving out these marketing aspects, in this paper
we focus on engineering ones, or better we implement a methodology useful to
translate marketing aspect into technical solutions.

As above mentioned the first technical idea came out during brainstorming
sessions, being these ones a method of creativity activation, in order to overcome
psychological inertia [6]. Developed by Alex Osborn in the 1940’s, brainstorming
consist of an initial analysis of the situation by means of a list of central questions,
and a work phase during which technicians generate an idea and than critique it,
as recommended by classical philosophical theories. This method, as A. Orloff
said [7], has some advantages because is easy to learn and use, and relatively little
time is needed to prepare a session; also idea generation process usually ends with
positive results, even if it is not well structured. As assessed by technical and
scientific literature, the higher the problem difficulty, the less effective is the
solution by using this method, which in the end seems not to be capable of
stimulating inspiration. The results are often long and helpless searching:
considerable material and intellectual effort, weak and useless ideas and useless
deviations from potentially useful goals. In this regard there is a need for the
enterprise to introduce new methods of idea generation which can “help control
thinking for solutions to construction-technical problems with extreme physical
and technical contradictions. Concrete constructive navigators are needed for
concrete problematic situations.” [6].

To overcome all these drawbacks, the company is willing to experiment
another strategy of work in household appliances innovation projects: TRIZ theory
has been chosen. The firm interest for TRIZ is due to its ability on carrying on
idea generation in a well-framed way and stimulating inventiveness: “the primary
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goal of TRIZ is to help thinking become talented and intuition become
controllable, structured, and functioned well” [7]. TRIZ theory can help
companies on eliminating typical mistakes deriving by incorrectly structured
inventing sessions, such as extreme concreteness of problem description or lack of
a general model as a starting point to analyze a specific industrial problem.
Engineers would be hopefully supposed to change their usual approach to
technical problem solving, being able to easily “sketch” a general model as an
abstraction of the original technical issue. It equips the “user” with a clear
understanding of the initial situation and of all the problem solving and idea
generation stages, giving a wider vision of all the aspect involved. Moreover
company interest is also focused on achieving a better and effective use of patent
literature analysis because nowadays, it is usually performed at further project
steps, to assess if a specific technical solution can be patented or if other inventors
have already developed similar ideas.

3. The household appliances innovation forces: the drying cycle

Drying process today represents a typical phase of domestic appliances cycles
standard sequence, mainly dishwashers, wash-and-dryers and dryers; the aim is to
dewater humid items like clothes or crockery, which underwent previous washing
phases, to targeted values of residual in order to restore initial conditions.
Different technical solutions can be implemented to reach this target, having
always basically in mind item care on one side, and process duration on the other.
Potential improvements on drying phase could be very appealing for final
consumers; the following list shows the most common features, parameters,
criticisms:

1. Energy consumption, up to 40-50% of total cycle for wash-and-dryers;

2. Up to 40% of total cycle duration of dishwashers;

3. Handling operations of garments load to be repeated twice for a
consumer that washes clothes in a washing machine and dries the same
ones in a dryer;

4. Inhomogeneous distribution of dried load final humidity;

5. Undesired effects for consumers, e.g. the “fog” coming out of the
dishwasher tub when door is open at the end of the cycle;

The focus of the present analysis has been the energy consumption reduction
and the decrease of the drying cycle duration as primary issues, having taken as a
basic reference the results of preliminary consumer tests, specifically held to
deeply understand final user’s point of view. Another interesting and surprising
advice, emerged from the study, is that “ready for use” clothes are not so
appealing for the majority of consumers: always having in mind garments care, a
specific cycle aimed to eliminate further ironing operations would be perceived as
a “niche” function to be used only on low quality garments.
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Another important issue, which then reflects in further constraints, is the design
and engineering of the appliance. More in details, it means that any innovation to
be implemented on the product to satisfy the target (time decrease, energy
consumption decrease and “ready to use” garments) shall not: dramatically
increase product industrial cost, heavily affect currently assessed industrial
process and decrease product reliability. It is anyway evident that the more
innovating and performing is the concept, the heavier modifications will be
accepted on the design and on the production process. For a completely
breakthrough concept, a brand-new design and process could be hypothesized, but
a trade-off between new performance and product changes is usually reached. No
trade off is accepted on product reliability: first of all, on large-scale industrial
production “low quality costs” are already an important issue to control both, from
the financial and brand image point of view, so that no unreliable product, even if
genial in its innovation, would be accepted. Moreover, people’s health and safety
while using the appliance is a “must” to be respected in any case.

In the paper test case, traditional abovementioned drivers such as cost, quality
or process optimization are not suitable driving forces, because something more
radical is needed: a significantly increase on current product performance, new
performance and new product design and styling, in order to better fit the desired
target of creating totally new products.

4. Test Case

4.1 The approach

By considering a generic tool, designed to clean items, whether they are garments
or crockery, it can be easily acknowledged that one of the most common technical
approach is based on using a solution of water and detergent, with which items are
put in direct contact. As a brief description of the process, stain removal is mainly
due to detergent action, whilst water results in being the carrier of the stain
particles, from the item to the waste system (a deeper analysis of chemical and
physical phenomena would not be consistent with the target of the present paper).
In any case, the target of the dedicated tool can be set as “restoring the initial
conditions” of a clean and dry item. Accordingly to this hypothesis, two basic
operation modes will be identified: a detergent water activation mode (washing or
rinsing) and a water extraction mode. From the TRIZ point of view, for domestic
use washing machine (the technique), the product primary function is related to
the first operation, while the water extraction can be considered as auxiliary
because it ensures the accomplishment of the primary one. It is not worthless to
underline that in other household appliances like dryers, the washing operation
does not exist and the primary function is represented by the water extraction
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itself. Dryers are mainly used to perform clothes drying phase in countries whose
weather conditions can not ensure an appropriate environment. It is not a case that
the implemented drying phase technical solution reflects what happens in nature,
using hot flow hair which circulates inside the tank. Thanks to the thermal
convection and heat conduction the water changes its physical state and can be
removed from clothes. In a washing machine the elimination of water is achieved
only by mechanical centrifugal forces, due to drum rotations. Obviously the
clothes final humidity level is higher than a dryer: typical water content
percentage in garments after an high speed rinsing phase is not less than 45%
(weight percentage), whilst in dryers load humidity is lowered down to room
humidity values (for the most common fibers, a typical range is 3-8%)

Same year later after the dryer market introduction, everywhere the need to
reduce as much as possible the time between the washing phase and the ironing
one has led to the introduction of wash-and-dryer machines, briefly indicated as
WD. The possibility to combine both the washing action of a typical washing
machine and the drying action performed in a dryer seemed to be consumer-
appealing mainly because of space availability in modern houses and ease of use.
In these specific washing machines, water extraction operation has become a
primary function as well as the washing one, as clearly defined by their name. The
technical solution implemented in common WD is the same that we can find
inside a dryer, the air circuit being optimized to the internal space availability of a
washing machine. WD can be considered as a typical example of an already
known solution optimizing based approach: the final result is obtained adapting a
previously experienced one. This is a really common strategy in industry and even
if it could seem to be effective, it does not help researchers and engineers to burst
their well assessed framework in order to find other successful solutions out if it.

In this context the use of TRIZ models has been seen as a way to ensure goal-
oriented result, to discipline action for solutions to problems and to help in
developing the capability to quickly recognize real possibilities or limitations
during generation phase. The company main purpose was to find other technical
solutions to dry clothes, in order to realize a more energetically efficient cycle and
to obtain the improvements listed in chapter 3. To pursuit these objectives, we
have followed two building boxes of TRIZ theory: contradictions and, the
maximal use of resources [8]. We have started our tests from a general model of
the problem, considering as a main purpose, the introduction of “dry module”
inside a commercial washing machine. The final output should be an energy
efficient product in which both drying and washing function are considered as
primary ones. The analysis has been carried on discussing about clothes and
washing machines, but always taking into account company targets: finding a
universal technical solution applicable to all household appliances which
implement a drying cycle. For this reason, to find the best technical solution, we
have firstly evaluated any possible resources present in the system (the washing
machine), in its surrounding, or in the environment: before introducing new
components or complications into the system, it is better to optimize already
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available resources. For each resource founded during the analysis, characteristic
parameters have been identified. The marketing analysis previously discussed has
been useful to define the “initial situation” of the problem enabling the
identification of some system disadvantages that should have to be eliminated or
the requirements through which improve the technique. The “Contradiction
Matrix” use has been as a really useful tool to overcome these drawbacks and find
the most effective solution instead of making usual engineering trade-offs. Patent
literature analysis has been helpful both in the first both in last phase of our test.
Several interesting results have been obtained, involving not only the household
appliances area but also other correlated industrial activities showing the
potentiality of TRIZ theory and its methodologies. Different processes and
appliances have been considered as a single concept, which is, as already
mentioned, “restoring the initial conditions” of a clean and dry item: TRIZ
evidently demonstrated that clothes washing phase and crockery drying phase can
be efficiently analyzed as specific situations of a more general model.

4.2 The Resources analysis

Being a washing machine the starting point of our test, the first resource is
represented by the water itself, which can be classified as a natural or
environmental one in accord to [7, 8]. In this case the most important identified
variables are: quantity of water and temperature. Water quantity is now, in modern
washing machine, the optimal value for the washing phase both from energetic
and clothes cleaning performance point of view. Also temperature is a crucial
parameter, being straightly correlated to several factors: detergent activation,
bacteria elimination, garments care. Such as for water, another important resource
is represented by clothes, or material as a general meaning. Also in this case we
have found two characteristic parameters: the amount of material to be washed
(kilograms) and the fiber typology. In this case we can stand that these two
parameters are really random and unknown during design phase because they
dramatically depends upon customer needs and specific habits.

An additional resource is represented by the detergent, which has to perform
the complex chemiophysical actions of removing stains from clothes. Regarding
this resource the most representative parameters are the physical state (powder or
liquid) and the chemical composition; both of them can significantly affect
washing efficiency. Analyzing the system from an energy point of view, we can
identify the electrical field which is used to turn on all the electrical equipment.
For the electrical field the representative parameter is the power consumption, in
terms of kW. Other incoming energies can be used, such as natural gas, but
electric power is today the most adopted solution. All the parameters identified are
listed in table 1. Obviously during this analysis we have considered only resources
which are already present inside the system after the washing phase because our
main objective is to introduce an additional primary function inside an already
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existing system. The fact of considering only these resources it is not reductive for
the methodology, because one of the possible technical solution could consist in
giving auxiliary function to existing resources: it is only when all resources have
been exhausted or it is impractical to utilize, that the consideration for additional
design elements comes to play a crucial role. Technical solutions that use empty
space or voids, waste products, byproducts, or harmful substances and fields, as
well as available and very cheap energies and substances, can be significantly
efficient.

Table 1. The Resource Analysis: parameters identification.

Resource Parameters
Water - quantity (liters)
- temperature (°C)
Clothes (Material) - quantity (kilograms)
- fiber typology
Soap - chemical compositions

- physical state

Electrical Energy - Power (kW)

4.3 Technical problem solving: the Contradiction Matrix

Once having defined the main system parameters we have applied contradictions
analysis using “The Contradictions Matrix” (CM): a simplified CM has been built,
by considering the reduced range of engineering parameters previously identified,
and assuming the most suitable inventing principles. The decision of using this
tool has been taken according to TRIZ theory which stands that the most effective
inventive solution of a problem is the one that overcomes contradictions. To apply
this tool we have considered the drying phase as the TP (technical process), and
then we have analyzed contradictions among these parameters and the ones, that
we have considered the most interesting for the case, selected by Altshuller
between the late 1940s and 1970s [6, 11]. To select these ones we have made a
point of the results obtained from marketing researches already discussed in
chapter 3 from which it clearly stood out that the waste in term of time, energy
and power, together with harmful effects in general were the most relevant for
customers.

The parameter “quantity of water” can be easily identified with “Amount of
substance”, the 26" EP. In order to facilitate the water extraction, the amount of
this substance should be as less as possible. The problem is that reducing the water
could cause harmful effects, (31 EP) because the amount of water is optimized in
order to have the best washing conditions. Another important contradiction came
to light considering full-load washing cycle which needs a bigger amount of
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water. In this case this amount has negative effects on the power (21 EP)
consumption as well as the energy spent by the subsystem (19-20 EP) and the time
(25 EP) to perform the drying action. As well mentioned above, water temperature
value (17 EP) is strictly connected to clothes fiber type and to the detergent
chemical formulation. The increasing of this value, while can give to water more
energy to came out from clothes fiber, can cause harmful from the fiber care point
of view and requires a huge amount of power (21 EP). Contradiction analysis
results are summarized in table 2.

Table 2. Water analysis: the inventive principles.

Power Energy Spent Waste of Time Harmful Effects
21 (19-20) (25) 31
Amount of 35 3,35,31 35,38, 18,16 3, 35, 40, 39
substance (26)
Temperature (17) 2,14, 17,25 22,35,2,24

Several interesting technical solutions have been identified by means of the
inventive principles analysis. Once having analysed these ones we found out that
the most interesting ones could be classified in three different approaches: a better
use of resources during the drying phase, the application of different physical
fields (mechanical vibration or thermal phenomena) and the waste resources reuse
after the drying phase.

For the first group of solutions we have:

1. Change the degree of flexibility (35)

2. Use only the necessary part (or property) of an object (2)

3. Using a multy-story arrangements of objects (17)

4. Using “slightly less” or “slightly more” of the same method (16)

Principle 35 suggests modifying the amount of water in relation to the amount
and fibers typology of clothes in order to reduce power consumption: accordingly
to this approach, the water to be eliminated is the only one useful for washing.
This solution is already applied in common washing machine using special load
sensors. The multi-story arrangements (17) and the use of only necessary part (2)
could mean the creation of special drying cycle in relation to special washing ones
that the consumer can choose. This is due to the fact that the clothes fibers type
heavily influences both cycles: natural fibers like wool or cotton absorb a bigger
quantity of water than synthetic ones and need a different water temperature value.
For example another possible solution is to separate during drying phase the
clothes already dried from the ones that still need additional treatment. The last
inventive solutions (16) suggest precisely identifying the target humidity level to
pursuit.

For the second group (mechanical vibration or thermal phenomena) we have:

1. Change an object’s physical aggregate state (35)
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2. Go from linear to rotary motion, use centrifugal forces (14)
3. Tilt or re-orient the object (17)
4. Used combined ultrasonic or electromagnetic field oscillations (18)

Also inside this group of solutions we can find new ones and others nowadays
applied. The solution already present in the market can be associated to the 35"
principle, due to the water physical aggregate state change realized by the hot
flow. About this thermal phenomenon, a possible solution to facilitate water
extraction could be the realization of a vacuum atmosphere inside the tank in order
to reduce the energy spent by the system. Also the 14" principle is already applied
in washing machine as the classical mechanical solution, and it could be only
optimized by developing specific rotating cycles. The last technical solution (18)
has been considered as the most interesting and really innovative one. This
solution principle is to transmit vibration energy to water molecules in a more
efficient way than today, in order to facilitate the water extraction from clothes.
Moreover, the 17" principle could be read as a suggestion to optimize garments
position at the beginning of the drying phase: being able to “unwrap” washed
clothes and increase garments external surface would significantly improve drying
process efficiency.

Finally in the third group has been classified these principles.

1. Use harmful factors to achieve a positive effect (22)
2. Make an object serve itself by performing auxiliary function (25)
3. Use waste resources, energy, or substances (25)

In this case technical solutions point an accent into the reuse of waste
resources, e.g. extracting hot water by condensing it from the hot air flow, whose
humidity value is usually extremely high, and reusing it to warm up cold one.

For clothes, detergent, and electrical energy parameters we do not have applied
contradiction analysis. Clothes quantity value and fibers type can be considered as
random variables because they depend on human needs. In reality there is a way
through which enterprise can reduce this variability, to be more precise,
identifying lots of specific washing and drying cycles as above mentioned in the
first group of inventive solutions. Regarding to detergent, the possibility to
facilitate the water physical aggregate state change could be realized with
exothermic reactions. In this case the technical solution involves another market
product which is not developed inside the company. Regarding to electrical field,
this resource can be included into the technical solutions previously identified.

In conclusion, three possible problem approaches stand out from our analysis
which can also be implemented concurrently. Identified solutions are based on a
general approach so that they could be developed not only for a specific domestic
appliance, like a washing machine, but also for all the ones which implement a
drying cycle. Moreover the contraction analysis has seemed to be really effective
in managing kick-off project meetings giving a well framed way to cope with
technical problems.
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4.4 The use of patent literature during concept design

The strong advantage of TRIZ [12], in comparison with the other approaches, lies
in Altshuller’s choice of the right source for acquiring knowledge — the patent
search and analysis. Patent information was the work basis, not only to create and
introduce new procedures for the elimination of technical contradictions but also
to examine general laws for the development of technical systems.

The Contradiction Matrix and the Principles do not work by themselves; they
only suggest the most promising directions for engineers to search for a solution.
The problem solver has to interpret these suggestions and determine how apply
them to any particular situation. Nevertheless, TRIZ heuristics are very valuable
because a problem solver does not have to study all patents from all disciplines, if
he or she can reformulate the problem in the format of the Contradiction Matrix,
thereby increasing the efficiency of solving. Regarding this, after having identified
a sufficient number of possible contradictions solutions, we have started patent
literature search. In particular we have focused our attention into microwave and
ultrasound solutions.

Two different patent literature researches have been performed; the first at the
beginning of the analysis considering a list of key-words like: to dry, water
removing evaporation and humidity reduction. They have been generated only
focusing on the product primary function. Obviously this research has lead to a big
amount of patents because too generic but it has been useful to limit the research
area. The second patent test has been conducted after the matrix contradictions
analysis. Using words come out during technical contradictions solutions we have
been able to limit progressively the analysis. A strong company commitment has
given to pursuit a deeper involvement of patent literature analysis, also during the
preliminary phases of innovation project: by systematically introducing specific
TRIZ-based methodologies, significant and helpful outputs from patent analysis
could be obtained in idea generation.

5. Conclusions

Problem solving lies at the heart of a new methodology for innovation. Innovators
solve problems by focusing both upon the useful parameters of a system that, if
increased, would enhance it substantially, and upon the harmful aspects that, if left
unchecked, would lead to a contradiction. Contradictions are significant, because
they contribute to the development of a breakthrough solution: avoiding
compromise is central to innovation.

In this paper we present an industrial case study, whose beginning phase has
been carried out to show TRIZ theory potentialities. By means of TRIZ
Contradictions Matrix, interesting solution directions have been displaced. After
evaluation, a set of innovative and feasible concepts have been obtained to solve
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the initial problem, the drying phase energy efficiency improvement of household
appliances. In particular three different types of solution approaches have been
identified which represent three different points of view to address the problem.
The potentiality of identified solutions lies in the possibility to develop them for
all the domestic appliances which have a drying cycle.

The suggested technical solutions have been deeply evaluated by company
technical division, being two of them now under evaluation: specific internal
projects are being developed to assess the technical feasibility of the proposed
concepts. Furthermore, thanks to the interesting results obtained Indesit Company
is now evaluating, on one side, the initiative of organizing idea generation
meetings, in order to achieve a more effective involvement of all its innovation
division engineers, not only middle and top management, and to maintain
employee interest levels and participation rates, aligned to company innovation
values. On the other side, further in-depth examinations will be carried out about
patents search. In order to reach these purposes a deeper analysis of this theory
and its methodology is fundamental because its potentialities in industry also
depend on the personal properties of individuals and on their experience in
applying it. For this reason several additional case studies will be implemented
and analyzed.
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Abstract: This paper presents the Unified Collaborative Innovation Framework
(UCIF) developed in the European Integrated Project Laboranova (Collaboration
Environment for Strategic Innovation). The Framework aims at the support of the
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concepts are integrated, outlining a proposed solution.
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1. Introduction

Open Innovation as a concept has been coined by Henry Chesbrough who is a
professor and executive director at the Center for Open Innovation at Berkeley [1].
The central idea of Open Innovation is that in a world consisting of widely
distributed knowledge, organizations like enterprises can not afford to rely entirely
on their own research. Instead they should buy or license processes or inventions
(e.g. patents) from other companies. In addition, internal inventions which are not
used in business could be taken outside the enterprise (e.g. by licensing or joint
ventures). In contrast, closed innovation refers to processes that limit the use of
internal knowledge within a company and make little or no use of external
knowledge.

The integration of end users and other stakeholders into innovation projects has
proved to reduce business risks such as the invention and acceptance of products,
services and applications. However, the integration of the end-users remains a
difficult task. Thus a new methodological approach is required to cope with this
problem. One solution is the concept of European Living Labs which offer a
unique opportunity for organizations to include end-users and other stakeholders
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in new product development or other innovation processes. This enables the user
to be a co-creator in the innovation process [2]. Living Labs need support by CAI
(Computer Aided Innovation), e.g. the collaborative tools of Laboranova [3].

This paper presents the Unified Collaborative Innovation Framework (UCIF)
which — as implied by its name — is a framework, which by definition is a concep-
tual construct acting as a skeleton and boundary. Upon and within UCIF integrates
various entities and concepts, thus outlining a proposed solution. As such, UCIF is
expected to simplify the works in user centered open innovation, help in aligning
them, remove scientific, linguistic obstacles and obstacles stemming from differ-
ent backgrounds and perspectives that inhibit people involved to flawlessly ex-
change ideas and collaborate.

UCIF is presented using a constructive approach. This means that one piece of
information (regarding one constituent part of UCIF) will be given at a time, and it
will be added to those already presented. Each step of the description is supported
by a diagram adding relevant comments. With the last step the whole framework
should have become apparent and clear.

Using this approach it is easier to comprehend UCIF, understand the reasons
for including each comprising part and allowing the following of the underlying
storyline, which outlines the higher-level workflow of UCIF. That is: Influences
from the environment lead an individual or team to realize of a new opportunity
for innovation (idea, problem, issue, feedback etc); this opportunity is called Inno-
vation Experience Opportunity (IEO). Then an innovation process starts seeking
to generate knowledge and ideas that will exploit the new opportunity. During that
process several knowledge objects (corporate or external) are sought and used, and
furthermore new knowledge assets are created and added to the existing ones. Of
course the impact of the innovation process might influence back the environment
(closed loop), but this out of scope of this paper.

2. Knowledge and Ideation Circles

According to UCIF point of view there are two important, iterative and convolut-
ing processes that take place during innovation, one regarding knowledge-related
activities and one regarding idea-related activities. The former is called Knowl-
edge Circle and the latter Ideation Circle. These concepts trace their origin to
knowledge management perspectives such as Gartner Group KM model [4].

Knowledge Circle involves activities related to the knowledge life cycle and
knowledge management. When referring to the knowledge circle in UCIF, the fol-
lowing tasks are implied:

¢ Initial definition of process goals and strategy
e Knowledge exploration or seek
e Knowledge retrieval or extraction
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Knowledge use, exploitation, leveraging

New knowledge capture, modeling and storing

Knowledge sharing or dissemination

Reframing and redefinition of exploration purpose or of point of view
Other knowledge management activities

These activities occur repeatedly as an iterative process. In each process-
iteration more knowledge is extracted from knowledge sources and further knowl-
edge is created.

Ideation Circle involves activities related to the idea life cycle and idea man-
agement. When referring to the idea circle in UCIF, the following tasks are im-
plied:

o Initial definition of process goals and strategy

e Existing idea search, reuse and leveraging; existing idea will then be used as
the starting point for further innovation

Idea generation or ideation. Leveraging of existing knowledge assets

Idea elaboration or development. Leveraging of existing knowledge assets

Idea capturing, modeling and storing

Idea sharing or dissemination

Reframing and redefinition of ideation purpose

Other idea management activities

As with knowledge circles, these activities occur repeatedly (iterative process).
In each process-iteration more ideas are created. Since idea generation and elabo-
ration (in Ideation Circle), as mental processes as they are, they heavily rely on
knowledge exploitation and situation reframing (in Knowledge Circle). The two
circles are constantly interacting, convoluting and influencing each other. More
specifically, the knowledge creation and modeling activities can influence and
provide stimuli for inspiration, thus causing idea generation and elaboration.

3. The UCIF Sections

The first part of UCIF to present is Sections. Sections are used to distinguish and
separate the three major parts of UCIF storyline, which are:

e The Influences Section that depicts influences from the environment that
might lead to realization of new IEOs,

e The Innovation Section that focuses on ways to exploit IEOs and produce
ideas, and

e The Knowledge Objects Section that depicts Knowledge Objects as these are
sought, used or created during the innovation process.
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One thing that must be stressed is the entry point from the Influences to Inno-
vation section. That is the realization from an individual or team of a new need
that came up, or business opportunity or problem or insight, which needs to be
solved or exploited or to further be investigated. It is usually created from stimuli
and influences originating from the sources that will be described in the Influences
Section, or in some cases from individual inspiration. Realization means the point
where the influences section ends and the Innovation section begins.

The innovation process will typically be an iterative process, which includes
several knowledge exploration and exploitation activities, new knowledge creation
and modeling, which subsequently leads to ideation and new idea generation.
Here, ideas are considered as knowledge (or knowledge objects) that have been
identified to introduce innovative attributes to products or services or processes or
methods etc, with regard to the context.

Knowledge and Ideation Circles

Influences and Start of Use and
Stimuli Circles Creation of KOs
Influences Knowledge
Section Innovation Section Objects Section

Figure 1 Sections and Storyline of UCIF.

The three UCIF Sections and the basic storyline of innovation in shown in
Fig. 1. The storyline includes the following steps:

o Influences from the environment provide stimuli on people inside the organiza-
tion

e Realization occurs and a knowledge exploration, modeling and ideation circle
starts

e This circle which is a high-level business process includes several mid-level
business processes

e During this circle many knowledge objects are retrieved and used and some are
new created
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3.1 The Influences Section

The Influences Section captures all sources of stimuli that might have some im-
pact on the innovation process. It is the source of new IEOs. In UCIF, three types
of influences have been identified depending on their origin (See Fig. 1, left side):

e Influences from inside the company or organization

e Influences from the external company or organization network

e Influences from the broader environment (P.E.S.T. — Politics, Economy,
Society, Technology)

The influences from the company or organization originate mainly from the
corporate strategy, policies, rules and operational tactics, as well as from the cor-
porate culture and value system. It is worth mentioning that the procedures, struc-
tures (explicit or implicit), hierarchies (formal or informal), and social networks,
have a great impact on the innovation process as they might control access to
valuable knowledge resources and furthermore provide the necessary context
needed for innovation to take place and propagate to the decision makers.

Another important source of influences is the company’s network of partners,
suppliers, and of course customers. Partners and suppliers can help in improving
and rationalizing the organization’s business processes and structures in order to
increase efficiency. Customers are the users of company’s products and/or ser-
vices, and therefore they can provide valuable feedback about product and service
functioning, characteristics, suitability for purpose, as well as provide insights on
their own actual needs that must be met by new products and services.

The third source of influences is the broader political, economical, social and
technological (P.E.S.T.) environment, within which the company or organization
exists and operates. Technology in the last few decades has proven to be a quite
versatile environment and simultaneously a driving factor for innovation. It has
provided, and still provides, numerous stimuli and [EOs.

3.2 The Innovation Section

The Innovation Section captures the essence of the Framework, which is the in-
novation process that takes place within a company or organization. For this rea-
son it is the core part of UCIF.

In real world, innovation can occur as a result of several interacting and interre-
lating business processes. Not all of them aim to the generation of new ideas, but
they might lead to innovative results as a by-product. In UCIF however the focus
is on processes that explicitly seek new idea generation (e.g. knowledge modeling)
as well as considering idea management.
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The Innovation Section is comprised from several business processes, which
are parts of the higher-level, strategic innovation process. They span many scien-
tific domains and areas of interest and involve people, roles and structures at vari-
ous corporate levels. Business processes are usually executed in the context of
projects launched within a company or in some cases in projects that span many
companies and organizations. The following paragraphs describe in more detail
this section and its comprising parts: Areas of Interest (Management, Knowledge,
Ideas), Levels (Top Management, Network, Team, Personal), Innovation Business
Processes and their interactions, and Teams and Projects.
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Figure 2 Structure of the Innovation Section

The realization of a new IEO is the entry point from Influences Section to In-
novation Section. Fig. 2 shows the Areas of Interest (vertical) and Levels (hori-
zontal) structure of the Innovation Section.

3.3 Knowledge Objects Section

The Knowledge Objects Section includes all entities and media containing or
conveying knowledge. These entities are generally referred to as Knowledge Ob-
jects. Technically speaking Knowledge Objects can be a Database or Knowledge
Base, a folder of documents, a single document, a software package etc. The
knowledge and information contained in Knowledge Objects can be represented in
various different formats (e.g. database records, plain text, rich text, XML, voice
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recordings, pictures, drawings etc). The following Knowledge Object Types have
been identified so far (see also Fig. 3, right side):

e Knowledge Objects residing in knowledge stores
e Idea models
e Idea portfolios
e Knowledge Objects residing in collaboration workspaces
e Evaluation reports
- S |
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1 1
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1 i
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Figure 3 Knowledge Objects Section

4. Innovation Section Analysis

4.1 Areas of Interest

The Areas of Interest identify three domains (areas) that are involved in the in-
novation processes and innovation management. These areas are:

e Idea generation and management
e Knowledge exploration, exploitation, capturing and management
e Management of people, structures (e.g. teams) and resources
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The Management Area of interest includes the activities of the strategic inno-
vation process, which relates to the decision-making and management of people,
teams, projects and resources. These activities do not generate new knowledge or
ideas but provide the necessary operational environment that enables innovation to
take place.

The Knowledge Area of interest includes the activities of innovation process,
which relate to knowledge exploration, exploitation, leveraging, creation, model-
ing, and knowledge management. The Knowledge Circle falls into this area of in-
terest. The activities of this area are usually providing the necessary influence,
context and background needed for ideation to occur. For this reason we can con-
sider the ideas area as an extension of the knowledge area.

The Ideas Area of interest includes all activities of the innovation process,
which relate to the generation of new ideas (ideation), the development and evolu-
tion of already proposed ones, and the management of proposed ideas. The Idea-
tion Circle falls into this area of interest. This area focuses specifically on ideas
not on knowledge in general.

4.2 Levels

The Levels concept in UCIF helps in distinguishing and grouping the interacting
structures and the relating business processes, depending on the level of complex-
ity and/or authority. They introduce the dimension of size and escalation in UCIF.
Four levels have been identified: Individual, team, network or open team and top
management level.

Each organization or company that might use CAI products and UCIF can
adapt these levels to their specific corporate environment and needs. A short ex-
planation of these levels is given next:

e Individual: regards the processes, methods, tools or any other related concepts
used by a single individual.

o Team/Group: regards the processes, methods, tools or any other related con-
cepts used by (planned) teams. Such teams do not necessarily have a formal in-
ternal structure.

e Network or Open Team: regards the processes, methods, tools or any other
concepts used by networks formed from interacting and collaborating teams.

e Top Management: regards the processes, methods, tools or any other concepts
used by the top management of the company and their assistants, both for man-
aging the whole innovation process as well as making knowledgeable decisions
on innovations and ideas.
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Figure 4 Ideation and Knowledge Circles in Areas and Levels of the Innovation Section

As shown in Fig. 4, the Knowledge and Ideation Circles can be broken down to
several smaller circles that reside at different levels. These circles can interact
both across areas of interest, across levels or even within the same level and area.

4.3 Business Processes

The business process concept is used in UCIF to represent the business processes
that take place within a company or organization and which explicitly aim to idea
generation and management. Business Processes exist at every level of the organi-
zation and span several areas of interest. Furthermore, interactions occur among
them both within the same area and level, as well as across areas and levels.

According to [5] “a business process is a set of linked activities that create
value by transforming an input into a more valuable output. Both input and output
can be artifacts and/or information and the transformation can be performed by
human actors, machines, or both”.
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Figure 5 UCIF Business Processes

A business process can be decomposed into several sub-processes, which have
their own attributes, but also contribute in achieving the goal of the super-process.
The analysis of business processes typically includes the mapping of processes
and sub-processes down to activity level. Activities are parts of the business proc-
ess that do not include any decision-making and thus are not worth decomposing
(although decomposition would be possible). In UCIF there have been identified
and captured 5 types of business processes: Personal innovation-related processes,
team innovation-related processes, collaborative innovation-related processes, top
management innovation-related processes, and vertical, ideation-specific proc-
esses.

The first four types are horizontal (see Fig. 5), span all areas of interest and re-
side to one level of UCIF. On the other hand, the fifth process is vertical; it resides
in the Idea area of interest and can span all levels.

The meaning of the horizontal processes is that an innovation-related business
process includes activities residing in many areas of interest, i.e. knowledge-
related, innovation-related and management-related activities. Furthermore, busi-
ness processes at different levels have different attributes, as the goals, tools and
practices used at each level differ.

The vertical business process in the Ideas Area of Interest focuses on the activi-
ties and workflows that take place across levels but within the Ideas arca. These
processes are of special interest because they focus on pure innovation activities
(ideation, idea development, idea management, prediction markets etc.).
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4.4 Business Process Interactions

As stated above, interactions occur among business processes and their activities.
These interactions can be of many different types, such as workflow or activity
sequencing (next activity), decision points, influences or other implicit impact etc.

Fig. 6 outlines the possible interaction combinations. The true interactions will
be detailed later when we will present the processes in more detail. As shown in
the diagram, the management activities tightly interact with knowledge activities
to enable them produce and disseminate new knowledge. This basic interaction
leads to the generation and evolution of new ideas, thus starting and influencing
the innovation activities.
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Figure 6 UCIF Business Process Interactions

More specifically, at the Personal Level it is expected the knowledge-related

tasks to be the predominant type of activities. Ideation and idea development ac-
tivities are also happening to some extend. The individual has the ability to share
his/her new knowledge with other individuals, or teams, or disseminate it to open
projects or networks, or publish it to Knowledge Bases.

4.5 Teams and Projects

In fact, humans put business processes and their interactions in practice, either in-
dividually or in teams who work on certain projects. Teams can be started for
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many reasons but in most cases this happens when there is a clear need for a new
project, for example research for a new idea after the realization of a new cus-
tomer need. Then teams, or in some cases individuals, work on the projects fol-
lowing certain, usually predefined, business processes. Teams and projects are
created and executed at various levels; they span many areas of interest and par-
ticipate in several business processes.

5. Conclusions

Much effort has been put in identifying the vast majority of collaborative innova-
tion related concepts, as well as of concepts related to many supportive activities.
This work has been largely based on Laboranova case study analysis as well as on
the prior research of various Laboranova researchers. The result is a concept map
and guidelines or design principles of UCIF that trace their origins in theories such
Complex Adaptive Systems, Situational Analyses, Emergent Systems etc.

The resulting framework has some very interesting attributes: UCIF focuses on
the conceptual and technological aspects of collaborative innovation rather than on
scientific and research issues. It is based on literature review and broad consensus
among partners and thus gives a neutral, non-biased, and well-accepted view.
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Abstract: This paper describes and analyses how a eXtreme Programming (XP)
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order to have a chance for creative thinking, communication, innovation,
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1. Introduction

Psychology and Computer Science are growing in a interdisciplinary relationship
mainly because human and social factors are very important in developing
software and hardware. Software is developed for people and by people [1], but
surprisingly, most of software engineering research is technical and deemphasizes
the human and social aspects. By other hand, the traditional development process
of new products that is a fundamental part in marketing has been recently
criticized by Kotler and Trias de Bes [2]. They point out that fundamental creative
aspects are not considered at all and as a consequence this development is not
useful, viable or innovative. In this context, it is interesting to consider the new
proposals of agile methodologies for software development in order to analyze
and evaluate them at the light of the existing creative expositions, mainly
considering the teamwork practices.

The agile principles and values have emphasized the importance of
communication, collaboration and interaction in the software development and, by
other hand, creative work commonly involves collaboration in some form and it
can be understood as an interaction between an individual and a socio-cultural
context. In relation with the joint work between users and agile software
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developers, there are very interesting cases in the work of Jeff Sutherland, the
inventor of the popular Scrum Agile Development Process [3-7]. The most
notorious agile methods: Scrum and eXtreme Programming XP [8], had attained
worldwide fame for its ability to increase the productivity of software teams by
several magnitudes through empowering individuals, fostering a team-oriented
environment, and focusing on project transparency and results [9-13].

We believe that the innovation and development of new products is an
interdisciplinary issue [14], we are interested in the study of the potential of new
concepts and techniques to foster creativity in software engineering [15]. This
paper is organized as follows: in section 2 we explain the motivation of this work
fixing the relevance of Creativity in Software Development. Section 3 is about
central aspects in Creativity. Section 4 gives a brief overview of XP and its phases
and roles. In Section 5 we show how the XP Creative Team Can Operate. Section
6 presents a comparison between roles in creative teams and roles in XP teams.
Finally, in Section 7 we conclude the paper.

2. Creative Thinking in Software Development

Software engineering is a knowledge intensive process, this underlies the need for
communication, collaboration and knowledge sharing support to share domain
expertise between the customer and the development team [16]. Since human
creativity is thought as the source to resolve complex problem or create innovative
products, one possibility to improve the software development process is to design
a process which can stimulate the creativity of the developers. There are few
studies reported on the importance of creativity in software development. In
management and business, researchers have done much work about creativity and
obtained evidence that the employees who had appropriate creativity
characteristics, worked on complex, challenging jobs, and were supervised in a
supportive, non-controlling fashion, produced more creative work. Then,
according to the previous ideas the use of creativity in software development is
undeniable, but requirements engineering is not recognized as a creative process in
all the cases [17]. In a few publications the importance of creativity has been
investigated in all the phases of software development process [18,15,19] and
mostly focused in the requirements engineering [20-22]. Nevertheless, the use of
techniques to foster creativity in requirements engineering is still shortly
investigated, it is not surprising that the role of communication and interaction is
central in many of the creativity techniques. The importance of creative thinking is
expected to increase over the next decade [23]. In [20, 24] very interesting open
questions are proposed: Is inventing part of the requirements activity? It is if we
want to advance. So who does the inventing? We cannot rely on the customer to
know what to invent. The designer sees his task as deriving the optimal solution to
the stated requirements. We can not rely on programmers because they are far



Communication and Creative Thinking in Agile Software Development 207

away from the work of client to understand what needs to be invented.
Requirements analysts are ideally placed to innovate. They understand the
business problem, have updated knowledge of the technology, will be blamed if
the new product does not please the customer, and know if inventions are
appropriate to the work being studied. In short, requirements analysts are the
people whose skills and position allows, indeed encourages, creativity. In [25] the
author, a leading authority on cognitive creativity, identifies basic types of
creative processes: exploratory creativity explores a possible solution space and
discovers new ideas, combinatorial creativity combines two or more ideas that
already exist to create new ideas, and transformational creativity changes the
solution space to make impossible things possible. Then, most requirements
engineering activities are exploratory, acquiring and discovering requirements and
knowledge about the problem domain. Requirements engineering practitioners
have explicitly focused on combinatorial and transformational creativity. In
relation with the active participation of the users in software development,
Holzinger has very valuable work making usability practitioners first-class
citizens in the process [26-29].

3. Creativity in the Development of New Products

The creativity definitions are numerous [30-32], therefore, considering the object
of analysis in the present paper: a software development teamwork responding to
the requirements of a specific client for a particular problem, a suitable definition
is the one raised by Welsch [33]: Creativity is the process of generating unique
products by transformation of existing products. These products, tangible and
intangible, must be unique only to the creator, and must meet the criteria of
purpose and value established by the creator.

More specifically, and from an eminently creative perspective, it is possible to
distinguish three aspects at the interior of a group developing new products
(purposes, performance and structure):

a) The purposes that the team tries to reach, which demand two scopes of results
[34-38]:
e Those related to the creative result that must be original, elaborated,
productive and flexible.
e Those related to the creative team, so that it reaches its goals, developing
cognitive abilities and presenting an improved disposition to the change.
All this in order to obtain a better creative team performance in the
future.
b) The performance shown by the team in connection with the main aspects of the
complex dynamics that the persons build inside a team. We describe three aspects:
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e The personal conditions of the members of the team, in terms of the
styles and cognitive abilities, the personality, their intrinsic motivation
and knowledge [32,39,30,34].

e The organizational conditions in which the creative team is inserted, and
that determines, at least partly, its functioning. These conditions, in the
extent that pre-sent/display certain necessary particular characteristics -
although non sufficient- for the creative performance. They emphasize in
special the culture (communication, collaboration, trust, conflict handle,
pressure and learning) [32,40,41]; the internal structure (formalization,
autonomy and evaluation of the performance) [32,40,41,39]; the team
available resources (time disposition) [32,40,30] and the physical
atmosphere of work [31].

e The conditions of performance of the creative team, mainly the creative
process realized, which supposes the set of specific phases that allow
assure the obtaining of a concrete result (creative product) [31, 42].

c¢) The structure of the creative team, particularly the group characteristics, such as
norms, cohesiveness, size, diversity, roles, task and problem-solving approaches
[32].

Of the mentioned aspects, we deepen in those referred to the structure and
performance of the team for the development of new products, specially
considering: the creative process and the roles surrounding this process.

3.1 The Phases of the Creative Process

The creative process constitutes the central aspect of team performance, because
it supposes a serie of clearly distinguishable phases that had to be realized by one
or more of the team members in order to obtain a concrete creative result.
Considering the creativity as a “nonlinear” process some adjustments are
necessary including feedbacks whose “destiny” can be anyone of the previous
phases. The phases, on the basis of Wallas [42] and Leonard and Swap [31], are
the following ones:

e Initial preparation: the creativity will bloom when the mental ground is
deep, fertile and it has a suitable preparation. Thus, the deep and relevant
knowledge, and the experience precedes the creative expression.

e Encounter: the findings corresponding to the perception of a problematic
situation. For this situation a solution does not exist. It is a new problem.

e Final preparation: it corresponds to the understanding and foundation of
the problem. It’s the immersion in the problem and the use of knowledge
and analytical abilities. It includes search for data and the detailed
analysis of factors and variables.

e Generation of options: referred to produce a menu of possible
alternatives. It supposes the divergent thinking. It includes, on one hand,
finding principles, lines or addresses, when making associations and
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uniting different marks of references and, on the other hand, to generate
possible solutions, combinations and interpretations.

Incubation: it corresponds to the required time to reflect about the
elaborated alternatives, and “to test them mentally”.

Options Choice: it corresponds to the final evaluation and selection of the
options. It supposes the convergent thinking.

Persuasion: closing of the creative process and communication to other
persons.

3.2 The Roles in a Creative Team

Lumsdaine and Lumsdaine [43] raise the subject of the required cognitive abilities
(mindsets) for creative problem resolution. Their typology is excellent for the
creative team, and the different roles to consider. These roles are the following

ones:
[ ]

Detective. In charge of collecting the greatest quantity of information
related to the problem. It has to collect data not making judgements even
when it thinks that it has already understood the problem exactly.
Explorer. Detects what can happen in the area of the problem and its
context. It thinks on its long term effects and it anticipates certain
developments that can affect the context (in this case, the team). The
explorer perceives the problem in a broad sense.

Artist. Creates new things, transforming the information. It must be able
to break his schemes to generate eccentric ideas, with imagination and
feeling.

Engineer. Is the one in charge of evaluating new ideas. It must make
converge the ideas, in order to clarify the concepts and to obtain practical
ideas that can be implemented for the resolution of problems.

Judge. Must do a hierarchy of ideas and decide which of them will be
implemented (and as well, which ones must be discarded). Additionally,
it must detect possible faults or inconsistencies, as well as raise the
corresponding solutions. Its role must be critical and impartial, having to
look for the best idea, evaluating the associated risks.

Producer. In charge of implementing the chosen ideas.

Leonard and Swap [31] have mentioned additional roles, possible to be integrated
with the previous ones, because they try to make more fruitful the divergence and
the convergence in the creative process:

The provoker who takes the members of the team “to break” habitual
mental and procedural schemes to allow the mentioned divergence (in the
case of the “artist”) or even a better convergence (in the case of the
“engineer”).
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e  Think tank that it is invited to the team sessions to give a renewed vision
of the problem-situation based on his/her expertise and experience.
e The facilitator whose function consists in helping and supporting the

team work in its creative task in different stages.

e The manager who cares for the performance and specially for the results
of the creative team trying to adjust them to the criteria and rules of the

organization (use of resources, due dates).

Kelley and Littman [44], on the other hand, have raised a role typology similar
to Lumsdaine and Lumsdaine [43], being interesting that they group the roles in
three categories: those directed to the learning of the creative team (susceptible of
corresponding with the detective, explorer, artist, provoker and think tank roles);
others directed to the internal organization and success of the team (similar to the
judge, facilitator and manager roles); and roles whose purpose is to construct the

innovation (possibly related to the role of the engineer and judge).

4. Agile Software Development with eXtreme Programming

Extreme Programming is an iterative approach to software development [8], the
process is shown in Figure 1.
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The methodology is designed to deliver the software that customer needs when
it’s needed. This methodology emphasizes team work. Managers, customers, and
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developers are all part of a team dedicated to deliver quality soft-ware. XP
implements a simple, yet effective way to enable groupware style development.
XP improves a software project in four essential ways; communication, simplicity,
feedback, and courage.

4.1 The Roles in a XP Team

XP defines the following roles for a software development process [8]:

e Programmer. The programmer writes source code for the software system
under development. This role is at the technical heart of every XP project
because it is responsible for the main outcome of the project: the
application system.

e  Customer. The customer writes user stories, which tell the programmer
what to program. “The programmer knows how to program. The
customer knows what to program”.

e Tester. The tester is responsible for helping customers select and write
functional tests. On the other side, the tester runs all the tests again and
again to create an up-dated picture of the project state.

e Tracker. The tracker keeps track of all the numbers in a project. This role
is familiar with the estimation reliability of the team. Whoever plays this
role knows the facts and records of the project and should be able to tell
the team whether they will finish the next iteration as planned.

e Coach. The coach is responsible for the development process as a whole.
The coach notices when the team is getting “off track™ and puts it “back
on track.” To do this, the coach must have experience with XP.

e  Consultant. Whenever the XP team needs additional special knowledge,
they “hire” a consultant who possesses this knowledge. The consultant
transfers this knowledge to the team members, enabling them to solve the
problem on their own.

e Big boss. The big boss or Manager provides the resources for the process.
The big boss needs to have the general picture of the project, be familiar
with the current project state, and know whether any interventions are
needed to ensure the project’s success.

5. How the XP Creative Team Can Operate

In relation with the structure dimension it’s important to considerate how the team
can operate. In order to implement the functionality of each role, we must
considerate two aspects: basic organizational conditions and the pertinent creative
process.
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5.1 Basic Organizational Conditions

The creative team performance is determined by the organizational conditions in
which it’s inserted [39, 31, 32, 40, 41]. Some conditions are necessary - although
not sufficient - for the creative performance. We are interested in explore the
influence of autonomy, communication, cooperation and learning, the handling of
possible conflicts, pressure, formalization, performance evaluation, available
resources (time) and the physical atmosphere of work.

The team member’s communication, cooperation and learning are fortified since
the client is present and there exist opened spaces to work together and in a pair
programming mode. The work dynamics is based on a game of planning and
metaphors involving all the participants from the beginning (client and equipment
developer). Also, the use of codification standards, the small deliveries, the
collective property of the code and the simple design, allow that the person has
clear performance codes and rules about what is expected and acceptable (internal
culture) in order to establish the required communication and cooperation.

The handling of possible conflicts between the client and the development team,
and internally at team level is favored by XP practices handling it (presence of the
client, pairs programming, planning game, continuous integration, tests, collective
property), or to reduce it and to avoid it (small deliveries, simple design, 40 hour a
week and codification standard). Cooperation and trust are associated to this issue.

The pressure (that in creativity is appraised as favorable until certain degree,
favoring the performance, and detrimental if it exceeds this degree), is susceptible
then to favor in XP through the client in situ, the programming by pairs, the
planning game, the tests and continuous integration. It’s possible to avoid, or at
least to reduce, the pressure through the refactorization, the small deliveries, the
collective property, and the fact that surpassing the 40 weekly working hours is
seen like an error.

The formalization gives account of all those formal aspects (norms, procedures)
defined explicitly and that are known, and even shared, by the members of the
team. It’s assured in XP through planning game, metaphors, continuous
integration, the collective property, the 40 hours per week and the codification
standards guiding the desirable conduct and performance of the team.

The evaluation of the performance is made in XP through pair programming
(self evaluation and pair evaluation), frequent tests and even through the 40
weekly hours (as a metric indicating limit of effectiveness), all at the light of the
planning (including the standards). Finally, the presence of client constitutes the
permanent and fundamental performance evaluation of the team and the products.
The evaluation characteristics empower the learning process.

The time dedicated has fundamental importance in XP team respecting the
avail-able resources. This aspect is strongly stressed in creativity. The pair
programming and the developer multifunctional role allow optimize the partial
working-times, as well as the whole project time, ensuring a positive pressure.
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The physical atmosphere of work, referred in creativity to the surroundings that
favor or make difficult the creative performance (including aspects like available
spaces, noise, colors, ventilation, relaxation places) are assured only partially in
XP through the open spaces, as a way to assure the interaction between members
of the team.

5.2 The Creative Process

The team performance is directly determined by the creative process [31, 42]. It’s
important to correlate the phases defined in XP with the phases considered in a
creative process.

The initial preparation and “finding” defined in the creative process correspond
to the exploration phase in XP, where the functionality of the prototype and
familiarization with the methodology are established.

The final stage of preparation is equivalent with the phases of exploration and
planning in XP, defining more in detail the scope and limit of the development.

The option generation phases, incubation and election of options defined in the
creative process correspond to the iterations made in XP and also with the
liberations of the production phase (small releases). In XP there is not a clear
distinction of the mentioned creative phases, assuming that they occur to the
interior of the team.

The feedback phase (understanding this one as a final stage of the process, and
not excluding that can have existed previous micro - feedbacks since the creative
process is nonlinear) it could correspond in XP with the maintenance phase.

The persuasion phase is related to the phase of death established in XP,
constituting the close of the development project with the final liberation.

6. The Roles in Creativity and XP Roles

Regarding to the structure dimension of a new product development team (in
particular software), it is possible to relate the roles in creativity to the roles
defined in the XP methodology distinguishing: base roles, that is, those directly
related to the creative processes and software development; and support roles,
whose function is to support or lead the other roles for a better performance. As
previously mentioned in the creative process there are base and supporting roles.
The base roles are directly related to the creative and software development
process and the supporting roles support or lead the base roles to a better
performance. The following is the correlation between creative and XP roles:
e The detective function consisting in collecting information related to a
problem is made by the client himself in XP, because this one generates
the first contact with the software development team.
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e The function of explorer consisting in defining completely the problem is
made in XP as much by the client as the manager of the team, all together
they appreciate the reach of the identified problem, as well as of the
possible solutions. The function of the artist consisting in transforming
the information, creating new relations, and therefore generating
interesting solutions is made by the developer, that in XP methodology is
in charge of the analysis, design and programming of software.

e The function of the engineer referred to clarify and to evaluate the new
ideas, in terms of its feasibility is made in XP by the tester and the
tracker.

e The function of the judge, understood as the definitive selection of the
solutions to implant, is made in XP by the tracker and the client.

e The function of the producer, referred to the implementation of the
selected ideas (strictly speaking it is working software) is made in XP by
the client in his organization, including the processes and procedures that
this function implies.

The supporting roles considered are:

e The provoker; creativity demands that the divergence as well as
convergence in the solutions be maximum and complete. There is not
explicit reference in XP methodology about divergent thinking.

e The think tank who helps the team work “from outside” is equivalent
completely to the role of the consultant.

e The facilitator whose function is helping the team, corresponds in XP to
the coach role.

e The manager whose function is to lead to the team in terms of its general
efficiency and its effectiveness corresponds with XP’s big boss or
manager.

7. Conclusions

The Extreme Programming methodology includes implicitly central aspects of a
creative teamwork. The structure that the team adopts and specially the different
roles that the methodology advises to define, nearly correspond with the roles at
the interior of a creative team. By other hand, the performance that characterizes
the team through certain advisable practices, from the perspective of creativity,
constitutes the necessary basic conditions, although non-sufficient, in order to
favor the group creative performance. We think that XP methodology should have
a more explicit reference to the provoker role that is thoroughly described in
creativity as a fundamental factor to generate innovation. Furthermore, it is
necessary a better distinction and formalization of the creative phases to generate
options incubation and option choices (that are fundamental in creativity). It is
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assumed that they take place in the iterative and production process. Again, XP is
not focused in “originality”, resulting that the divergence is not so fundamental in
XP. A more direct mention to the physical atmosphere of work, that in creativity
are considered as highly relevant to enhance the performance, it is recommendable
in XP.
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Abstract:  The product lifestyle design is necessary sustainable growth
accomplishment, enforced by the enacted eco-regulations. The paper discusses the
incumbent restructuring of the manufacturing companies, recalling the innovation at
the design phase, by effective product-process-environment-enterprise, 2P2E,
integration, supported by suitably detailed modelling and simulation features,
M&STF, leading to information intensive value chains based on: - net-concerns,
gathering and enabling business set-ups, from the facility/function market; - service
dealers, for the extended enterprise added value operations; - recovery rulers, for
reverse logistics accomplishments and tasks overseeing. A short outlook of the
topics is sketched, and, for explanatory purposes, example developments are
recalled, referred to industrial situations emerging from the recent EU
environmental policy.

Keywords: Lifestyle design, Modelling & Simulation features, Reverse logistics,
Extended enterprise, Lifecycle diagnostics

1. Introduction

The product design methodologies and practices are expected to face in the short
future important changes, to deal with the lifestyle requirements of the growth
sustainability, spurred by the enacted rules of the EU environmental policy. The
future to come suggests that competition shall take place, under market regulatory
conditions different from now, to grant environmentally more conservative goals
[1,2]. In this vision, producers’ responsibilities are widened, and products
information needs to extend across the supply chain, to cover lifecycle and
recovery. The changes aims at granting visibility at the points-of-service, in
connection with the on-duty conformance-to-specification tests, and at the end-of-
life, to comply with the enacted recovery (reuse, recycle) rules.

The innovation develops along paired lines, where competitiveness will depend
on entrepreneurship founded on economies of scope, ruled by extended enterprises,
offering product-service combinations. Combined modelling and simulation are the
winning tools, to expand the supply chain visibility, keeping unified accountability
of the lifecycle properties. The materials, process, operation, maintenance,
dismissal and recycling figures are tested and assessed by virtual prototypes, during
the design phases. As compared to earlier industrial habits, when competition was
won by the off-process presetting and optimal production plans, today enhanced
decision support is required to run on-process, aiming at [3]:

* product quality for customised requests and minimal environment impact;

Please use the following format when citing this chapter:

Michelini, R. C. and Razzoli, R. P., 2008, in IFIP International Federation for Information Processing, Volume 277;
Computer-Aided Innovation (CAI); Gaetano Cascini; (Boston: Springer), pp. 217-228.



218 R. C. Michelini and R. P. Razzoli

» manufacture choice for process robustness, to preserve the throughput quality;
* service schedules for conformance-to-use maintenance, as supply chain option;
« end-of-life take-back, with recovery rules, within the enacted mandatory targets.

The growth eco-sustainability charges, brought on by (passed or visibly declared)
acts are thought troubles to defer to the future to come, by short-sighted companies.
The worldwide competitors have consciousness of the above prospects, and arrange
information intensive value chains, incorporating:

» off-process condition knowledge data-bases, caring for products lifestyle design;
» real-time diagnosis and decision tools, designed as on-duty service complements;
» recovery functions and facilities, assuring compulsory reverse logistics duties.

The paper offers a bird-eye overview of these lines, to address the design practice
requirements, by multi-disciplinary approach, with concern of on hand CAD tools
that embed algorithmic and heuristic blocks to offer mixed mode simulation-and-
emulation, and product lifecycle management aids that look at service engineering
and reverse logistics, to tackle with the on-duty and recovery tasks provision.

2. Integrated Design for Lifestyle Innovation

The industrial economy exploits the manufacture efficiency for the wide trade of
low cost goods, obtained transforming raw materials into waste and pollution.
The growth sustainability requires deep changes, for better resource exploitation
by recovery and remediation practices. This means restructuring the companies’
businesses, moving the producers/sellers responsibility, from the point-of-sale, to
the points-of-service, and to the take-back of end-of-life items. The corporations’
competition has to turn from the product suitability (by scale-economy) and the
process fitness (by simultancous engineering), to the environmental protection
(by ecology stability) and the enterprise aptness (by function/facility trimming).
The change requires dramatic up-dating, with the new scope-economy, quickly
moving from the shop internalities of the conventional «firm theory» (the make-
or-buy dilemma), to the supply chain externalities of the product life and call-
back duties [4,5,6].

The world-class companies are compelled to re-orient the business value chain
on trading products-services, with the latter extension object, in some case, of
extra voluntary agreements, drawn up with the clients, in other case, of fixed
mandatory targets, enacted by the governs. Indeed, the technical choices,
allowing to put in the market a product, are, always, manufacturers’
responsibility, with decisions taken at the design phase. Thus, the winning
innovation, assuring the competitive advantage to one or the other company, has
to played at the lifestyle levels, by warranting utmost on-duty performance and
recovery abilities to the offers, the all to be proved out of the conventional
productive shops. These new scopes request:

* to preset product lifecycle management, PLM, tools, as standard design out-fit;
* to provide the service engineering, SE, for diagnosis, decision and maintenance;
» to fulfil the reverse logistics, RL, when compulsorily enacted at the end-of-life.

The business widening, around the whole product-service, is sought with resort to
enhanced PLM tools, with federated architecture, assuring unified access to the
lifecycle data. The integration of all the lifecycle views (structure and function
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layout, fabrication process, quality certification, maintenance policy, dismissal
duties, etc.) into a super-model is competitive plus, for value chain up-grading.

More specifically, addressing the product design phase as off-process decision
support, four domains need to be in-progress tackled by the pertinent integration
steps [7,8]:

* product specification, leading to proper performance, selecting, by CAD, CAM,
etc. tools: producibility figures, operation constraints, dismissal requests, etc.;

» process specification, leading to better manufacturing value by simultaneous
engineering practice of the product-and-process mutual pace-wise up-grading;

* eco-consistency specification, leading to establish regulation, maintenance,
restoring, etc. plans, for on-duty conformance-to-use, and to call-back plans;

« enterprise specification, leading to adapt the supply chain with resort to the
facility/function integration, matching the in-progress requested externalities.

The design develops, embedding the major modelling and simulation features,
M&SF, to cover the four spheres of the product, the process, the environment and
the enterprise. The consistent product description through the pertinent M&S®,
assures adequate lifestyle characterisation by means of effective virfual checks,
fulfilled on relatable digital mock-ups, timely, related to the vitual prototypes of the
product or enterprise under test. The cross-linked description permits hierarchical
inquiry, giving consistent views of given aspects (operation performance,
manufacture goals, eco-conservativeness figures, etc.) at different levels of
abstraction and/or lifecycle steps, so that the item designers (and the enterprise
managers) readily verify the actually achieved properties, they need to make
decisions. The issued super-model, collecting functional models, structural lay-outs,
constituent materials, fabrication processes, quality certification, up-keeping policy,
recovery requirements, etc., becomes the basic means, to build up the
competitiveness of the product-service provision activity [9,10,11].

The four M&SF ranges expand the conventional PLM tools reaches, to include the
service engineering, SE, data into the PLM tools, creating SE-oriented-PLM, or
PLM-SE, and to further expand the reverse logistics, RL, figures in the same tools,
creating RL-oriented-PLM, or PLM-RL. The M&S#-driven picture is nice reference
of integrated design knowledge frames, with extension towards the eco-
sustainability challenges, to reach the product-process-environment-enterprise,
2P2E, design, where the lifecycle externalities are dynamically accounted, in-
progress adapting the enterprise functions and facilities, whenever new
environment requirements appear.

The product-process-environment-enterprise 2P2E design becomes best practice,
once the all lifecycle, dismissal included, duties are standard responsibility of
manufacturers. This shows the way to the extended enterprises, and the M&SF
description shall evolve to include the business and operation management areas, so
that the supply chain externalities are dealt with by simultaneously adapting the
enterprise data (taking in the timely useful facilities) to the environmental requests
(mandatory targets or voluntary agreements). The task is here more problematic,
since the physic-based frames of engineering and manufacture are replaced by
economic transactions, human and intellectual activities, social and legal
constraints. Objects and events are specified by texts, frames, spreadsheets or
graphic trends; model validation and simulation testing quickly lead at data
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reduction in terms of cost propagation and due dates. This provides effective way to
acknowledge business and operation functions, and to help providing full visibility
for reliable prediction and on-process control and steering actions. The
incorporation of appropriate extended enterprise M&S# is domain open to new
developments, where the PLM aids option shall play strategic role, with large resort
to declarative and procedural knowledge, and extensive exploitation of the
networked infra-structures. At the enterprise-environment integration steps, the use
of the net-concern or virtual enterprise options provides enhanced efficacy,
especially if the market of productive facilities/functions exist, and the assembling
of the co-operating entreprencurial setting can operate on it [12].

The sketched design metods explain how to deal with the sustainable growth
demands, and show how innovation is strictly connected with new information
flows, the PLM-SE and PLM-RL, to be established at the design phase, to make
effective the service engineering, SE, expanding the business through voluntary
agreements, and the reverse logistics, RL, whenever enacted through call-back
requirements. The emerging business lines profit of co-operative networked
organisations, according to different approaches: on one side, manufacturers could
be spurred to keep in charge the all service: artefacts supply, lifecycle conformance
and dismissal incumbents, so that the trade regulation would depend on single
indentures; on the other side, independent enterprises could profit by safety rules
and environment acts expansion, to become service dealers, with technology
oriented qualification and infrastructure-based organisations.

Both approaches require to focus on the design phase, built on significant
modelling and simulation features, M&SF, moving the enterprise profitability to be
critically dependent on the value chain choices, by on-going product-process-
environment-enterprise, 2P2E, adaptive enhancement.

3. Extended-Enterprise for Lifestyle Innovation

The joint 2P2E approach allows to deal with the product-service externalities at the
design phase. The environment-enterprise data integration is tough option (not
existing in the traditional manufacture practice) progressively required with the
expansion of the eco-regulations. In terms of the manufacturers’ participation, one
has two lifestyle frames [3]: technical responsibility of the on-duty and recovery
tasks, even when the points-of-service and -take-back assessments are managed by
end users; full (forward and backward) supply chain responsibility over the
product-service eco-consistency, to lawfully put in the market of new offers.

In the first case, the producers and the buyers are jointly liable, face to the
enacted environment directions. A given offer, of course, has different values at the
point-of-sale, depending on the expected lifecycle and end-of-life charges, so that
the eco-costs need to be included, when weighing competing proposals. In the
second case, the visibility of the eco-fees is not only (implicit or explicit) merit,
rather necessary accomplishment to be carried, at the design phase, when assessing
the given delivery profitability. The trend is consistent with using the 2P2E frame as
constant reference, [8]. An example development is recalled hereafter, [13], for
explanatory purposes of extended enterprise’s decision support, for the lifecycle
pro-active maintenance, ruled through voluntary agreements, [14], with the clients.
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The idea is to grant lifecycle diagnostics and maintenance of widespread
durables, with primary goal in conformance-to-use warrantee of the product, and
secondary goal in the reliability data collection for reuse and redesign duties. The
service engineering, SE, provision is centralised at the manufacturer shop, making
use of distributed intelligence and structured communication aids. The lifecycle
visibility is initial step, allowing the ensuing decision-frame, to select effective
recovery policy in front of the finally privileged EU position. The example deals
with the critical situation, in the automotive areas, of the plastic components, which
are used, also, for structural items, with strength and reliability requisites so that
recycled stuffs are not allowed. The EU policy foreshadows four tracks: - reuse of
reconditioned items, once verified safe operation and reliability; - recycle of warn-
out pieces, with secondary-material certification; - thermal recovery of chosen
stuffs, assuring emission eco-compatibility; - reduction to ASR, if the previous
options are not met.

The first, only, belongs to the forward supply chain, delaying the item’s life end.
It deals with the product-service delivery, using embedded and ambient
intelligence. The former assures the local knowledge build-up; the latter, its
communication management by outer outfits. The recovery by condition monitoring
up-keeping aims, [2,3], at:

* proactive regeneration: embedded ability establishes zero-defect on-duty plans;
* reactive restoration: the anomalies are removed at detected/programmed stops.

The embedded diagnostics is of no help, unless suitable regeneration outfits are
forecast at the design steps, with additional cost and sophistication. The proactive
maintenance complexity and price advise against fully autonomous solutions, and
efficient alternative is reactive up-keeping, with remote diagnostics and restoring
planning. The concept behind is to have information when you need it, and to plan
the service provision by lean rigs. The knowledge-base (e.g., system assumption,
reasoning abilities) has remote location, where the process data are transmitted and
processed, for inferring diagnoses and feed-forward plans. This facilitates managing
the decision for maintenance, trims the charges and lowers the wastes. Remote
diagnostics is consistent with reactive restoring, after provisioning the repair
equipment, but, also, with basic proactive actions, if the nominal state is brought
back to the original conditions by the embedded redundancy, so that the renovation
is enabled by ‘switching-and-play’ options. With focus on condition monitoring,
[13,3], the basic actions are:

- to detect/identify the abnormal situations, shown by operation features or drifts;
- to assess crash situations, defective components, fault level, failure type, etc.;
- to troubleshoot, assessing restoring policy and replacing/maintenance duties.

The development of the central diagnostic knowledge demands big efforts. The
profitably depends on each situation, with scenarios belonging to one company and
with the tools to be used in other contexts.

The example investigation deals with the automotive domain, where, the EU eco-
policy distinguishes severe on duty demands, to be achieved through voluntary
agreements with the users, and mandatory recovery targets, under total carmaker’s
responsibility. The idea is to assign tags to the components, in view to record the
cumulated damage, for on-duty maintenance and end-of-life evaluation, Figure 1. In
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terms of cost, the in-progress technology evolution and the extended versatility, the
resort to Radio Frequency Identification Device, RFID, is privileged, as ideal means
for the component traceability by history, use modes/styles and cumulated issues
storing. At the moment, the amount of inscribed data in RFID is small; to remove
the limitation, a remote on-board intelligent module ought to be added, with the
capability: - to acquire the data from the on-the-field sensors; - to process the
measurements, obtaining characterising signatures, assessing operation modes,
severity indices, etc., writing pertinent message on the label; - to read/write the
information, for subsequent up-dating or completion.
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Figure 1 The brake pedal intelligence and communication set-up.

On the remote module, a virtual instrument is programmed, having in charge to
compute and to store two different kinds of knowledge: the short-term data,
providing more details on the on-duty conditions and on the operation modes of the
components, which, due to their redundancy, need to be vaulted into external
archives and saved at regular time intervals; the long-term data, giving synthetic
features of the item overall life, which are written on the RFID. Looking, for
example purpose, to the car braking pedal, Figure 1, the on-process information
frame exploits the front instruments, monitoring [15]:

- the number of pedal actuations, shown by a counter driven by micro-switches;

- the averaged pedal stroke, combining micro-switches and timers;

- the averaged pedal stroke variance, computed in parallel with the said data;

- the actuation law, given by MEMS accelerometers and subsequent processing;

- more specific operation «styles», such as high/weak strokes, long-lasting/iterated
features, etc., reckoned by detecting and coding the signatures corresponding to the
singled out drivers’ habits.

The module is integrated in the car computer: the short-term data are collected
and checked during the standard maintenance and conformance assessment
operations. This way, fully transparent information flow is created, assuring process
visibility to the different stakeholders: car-makers, users, car-repairing shops, car-
breakers and certifying/controlling bodies.

The healing/restoration features are fulfilled with regard to the specific product-
service delivery. One distinguishes the embedded, for knowledge build-up, from the
ambient intelligence, for communication help. The ambient intelligence is above all
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relevant for the processing frame (not the component itself), and for the friendliness
of the information flow, Figure 2. The main benefits are the following [15]:

* to concentrate information on supplied functions and to create lifestyle mind;

* to enable information sharing, and easier eco-consistency data management;

* to fulfil in real-time and intelligent ways the conformance-to-specification tests;

* to automatically manage the product lifecycle and service provision checks;

* to exploit the supply chain product/process carried/acquired/computed data.
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Figure 2 The PLM-SE set-up, with Ambient Intelligence aids.

The ambient intelligence empowers the PLM-SE, once large, heterogeneous,
distributed frames, built on multiple-function platforms, support the delivery of
value added services to clients. The ambient intelligence authorises easy interaction,
with plain language or any other means a non-computer specialist uses to
communicate. The remote service is built on standard blocks, Figure 2, equivalently
given by operators or computer agents, typically, split into:

- the common knowledge-base, with the product-process-environment-enterprise
data, the design up-dated reference, combining product lifecycle management PLM
and service engineering SE frames;

- the set-up module, or data-base manager, with graphic interface to help the user to
follow and understand the process under observation, with related diagnostics
frame, and to make the best use of it, by supporting the definition, modification,
storing, deletion, etc., of the common knowledge-base elements;

- the information processing module, to map the input (supplied by the distributed
sensors) into the common knowledge-base elements, following the idea that the
ambient data can be expressed into any format and the detection/transmission is
operated automatically, without explicit peripheral concern;

- the diagnostic engine, providing the interactive problem-solving support to the
users with resort to heuristic rules, case-driven reasoning, etc. and connects, by
means of the shared broker architecture, to the common knowledge-base, to make
decisions and to friendly acknowledge diagnostics signatures;

- the client support module, core of the remote diagnostics with the products data



224 R. C. Michelini and R. P. Razzoli

(operation, maintenance, disassembly, etc.), for process instantiation, assuring that
the operation unit sees the virtual image of network (this allows protected access to
the certification/supervision bodies);

- the knowledge analysis module, doing data the restitution and reporting, by spot
entries (database query, etc.), statistical outcomes (Pareto charts, etc.), lifestyle
analyses (on-duty reports, etc.), etc., with link to the common knowledge-base,
through the client support module.

The example case shows how the extended enterprises, with domain proprietary
technologies, turn into handy product-service dealers, fulfilling lifecycle support,
provided that information/communication aids specialise into PLM-SE tools, fully
developed at the design phase [§].

The instrumental set-up, according to above sketched lines, is developed with in
mind the emerging demands in terms of the carmakers’ extended responsibility,
with unequivocal involvement in the reverse logistics and in the re-engineering
tasks, and relevant engagement in the service engineering, as the explicit origin of
the product data, or, with higher commitment, as the direct provider of the lifecycle
backing. These new facts require rethinking the competition paradigms of the
automotive industry, and, of course, object of special concern among the world-
wide carmakers. The instrumental set-up, moreover, is also worthy help in assessing
the users’ behavioural accountability. The lifecycle monitored data supply objective
checks whether or not the driver has operated with full compliance of the
manufacturer’s notices or warnings and the law rules or instructions. The achieved
transparency is important for the contractual bonds and the third-people protection,
providing clear access to the users’ liability, in case of accidents, when, e.g., the
assurance is required to have objective reports on the elapsed occurrences, with
resort to the records that document, in the present example, if, when, how long and
by which trend the pedal is actuated.

4. Virtual-Enterprise for Lifestyle Innovation

The EU eco-policy tends to expand the carmakers’ responsibility, imposing the eco-
rules for new deliveries and the free take-back of end-of-life items, subdued to
compulsory recovery targets. This was declared with over ten years advance, but
apparently only in Germany the 2P2E approach coherently leads to lean structured
extended enterprises that guarantee the free take-back duties. Elsewhere, the virfual
enterprise solution seems factual issue, and the recovery (reuse, recycle)
compulsory targets are ruled by governmental agencies or steered by collaborating
brokers. The EU targets are strict:
= from 01.01.2006: 85% by weigh of the vehicle has to be recovered or recycled;
the 10% can be dumped to landfills (after suitable neutralisation), and the 5% can
be used as auxiliary fuel;
= from 01.01.2015: the figures are modified, allowing 10% for fuel use, but only 5%
to landfills.

The reverse logistics, Figure 3, develops with unified information flow, with end-
of-life recovery ruled by the carmakers PLM-RL data-bases, actually, collected by
the automotive [16], covering some 1 000 vehicle types of 25 producers, listing



Product Lifestyle Design: Innovation for Sustainability 225

around 46 000 pieces, with ample visual and analytical data. The EU acts require
involving properly authorised treatment facilities, ATF, which guarantee the
backward process under the three parties scheme [3]:

* purveyors, covering the supply-chain: materials provision, items manufacture,
lifecycle up-keeping, backward recovery; the eco-responsibility is dealt with by
clustering several firms in alliance of co-operating multi-sectional interest units;

* users, purchasing products-services, to profit of provided functions with reliability
figure close to one; the payments include conformance certification at the point of
service, after tax collection against tangibles depletion and pollutants release;

* supervisors, assuring third party checks of environment and society protection; the
certifying bodies report to governmental authorities and use standards, having
access to the extended artefacts life-cycle data-bases.
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Figure 3 The knowledge build-up in end-of-life vehicles recovery.

The ATF are, surely, out of the core business of usual carmakers, and extended
enterprises, with explicit mind on reverse logistics effectiveness, [17,18], are
substituted by:

- governmental agencies overseeing the recovery (reuse, recycle) duties, through
deposit-refund schemes, so that the reverse logistics is (top-down) financed by
taxing each new car put in the market;

- specialised ‘recovery rulers’, who replace the carmaker, having broker’s activity
to select the reverse logistics facilities/functions, collecting from the users, the
(bottom-up) visible fees.

The UE rules accepts these different set-ups, and only the German carmakers
tend to become extended enterprises. The agency scheme is used in Sweden; the
broker alternative, in the Netherlands. The first set-up is winning, but assumes
pioneering work with coherent 2P2E issues, by feeding back the design-for-
recovery scopes. On the short span, the return on investment is not easily assessed,
in terms of the individual manufacturer and country. The Netherlands solution is
highly efficient (today recovery visible fees, as low as 15 €, [19]). Anyway, the
domain knowledge build-up, Figure 3, needs to consider the M&S¥, addressing the
PLM-RL tools, up to the suited details. The virtual enterprise solution, thereafter,
could result especially efficient, replacing the German ‘firm theory’ (the make-or-
buy paradigm), by the ‘enterprises creation’ alternative, assuming:
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* to trade facilities, functions, technologies and related integration protocols, with
helpful access, negotiation, assembling and management abilities;
* to establish the selection, acquisition and merging brokerage area, wide enough to
grant competitive choices, and efficiently ruled to keep steadiness.

The reverse logistics typifies by like information flows, but differs on value
chain. The extended enterprise incorporates in the offer all demands necessary to
put the car on the market (call-back included). On the opposite side, the
governmental agency manages economic incentive (deposit/refund), to finance the
recovery, fulfilled under permission ruling. In between, the virtual setting builds,
using:

* a logistic network, with collecting and transport means, storage points, handling
and inspection devices, joined to information flow for acquisition and recording;

+ dismantling shops for safe parts recovering and storing, with forwarding of left
hulks to suitably located shredding facilities, for grinding to tiny pieces;

* sorting plants, to pull out metals (ferrous alloys, stainless steels, aluminium alloys,
brass, etc.), different plastics, glass, etc., and safe incineration plants;

* parts-reuse and materials-recycle tracks, for service engineering maintenance and
design and manufacture practices with secondary materials provisioning.

The listed functions/facilities are heterogencous, with the authorised treatment
facility, ATF, as the characterising step, gathered around buffering/dismantling
shops, Figure 4. The brokerage alternative does not add administrative costs, and
only assemble the necessary processing partners, with visibility of the mandatory
targets achievement [12,20].
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Figure 4 The reverse logistics flow and example dismantlig shop.

The authorised treatment facility, ATF, is node of the networked concern, built,
with broker help, from the function/facility market. The virtual enterprise ruler,
devising business projects, and demanding the gathering of qualified partners, has,
just, intermediation duties. The assembly allows the facilities/functions collection,
with varying goals and technical heterogeneity, but capable of efficient provision in
the given business. The all implies the advanced features of net concerns. This does
not lead to a corporation and is better identified by a manufacture/service cluster,
possibly, time-varying, so that the ‘recovery rulers’ is identified by the supply
chain, and 1is the legal entity, having up-dated below architectures of
facilities/functions providers. It happens that the car user interacts at the point-of-
sale with a dealer linked to a given partners’ set, and at the end-of-life, the entitled
‘recovery rulers’ corresponds a to modified partners’ set [21].

The virtual enterprise solution does not lead to completely different set-ups. The
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related issues, moreover, are not even new, as they simply separate the ‘brand’,
from the production/service facilities. The difference comes out from the lifecycle
obligation, engaging the firm by respect to the society, notably, for the eco-duties.
In the facility/function market, the brokerage helps building alliances, having the
skill and competency in the reverse logistics only, while the extended enterprise is
involved in the integrated 2P2E design, for everything that concerns the business
decision-making (choice, negotiation and integration) operation all over the supply
chain. The broker role has, instead, bottom-up value, enhancing the organisation
effectiveness, strengthening the trust between partners and assuring the supply
chain stability (also in legal terms). The sketched frame is consistent outcome of
knowledge-driven entrepreneurial assets, where access to suited net-concerns is
factual prerequisite. If the industrial context cannot afford the 2P2E issues up to
extended enterprises, the 2E issues permit to combine recovery facilities/functions,
which are able to fulfil the environmental acts, by bottom-up ATF deployment.

5. Conclusion

The product-process-environment-enterprise, 2P2E, practice is deemed to extend
the product-process, 2P, simultaneous engineering, turning the value chain on the
lifestyle externalities. The new PLM tools distinguish by the addition of on-duty
service engineering, and reverse logistics, with the pertinent M&SF supplements.
The design-for-manufacturing, DfM, design-for-assembly, DfA4, etc., scopes shall
expand over the new design-for-disassembly, DfD, design-for-recovery, DfR, etc.,
ones, which need to establish since the early product ideation steps. The business
idea shall include recovery, reuse and recycle of products, parts and materials, to
minimise the tangible resources spoil and to maximise the supply chain efficiency.
The full M&ST identification shall enable the designers to explore and to analyse the
reverse logistics as worthy option, to enhance the tangibles productivity and the
environmental protection, for company liability and profitability. The issue brings
to the extended enterprise organisation, specialised in product-service. Today, the
EU eco-regulation has enacted mandatory recovery (reuse, recycle) targets within
the manufacturers’ responsibility. The rules apply to the automotive industry, but
not all carmakers have the extended enterprise in mind. In default, the virtual
enterprise goal might result effective, specialising the environment-enterprise, 2E,
design whether the proper PLM-RL aids allow the ‘recovery ruler’ brokerage to
integrate the right functions/facilities. The product lifestyle design is, once again,
the enabling option, supporting the innovation.

In general, proper exploitation of M&SF description will be the way of improving
the effectiveness of the manufacture businesses, to reach the best balance of all
constraints in designing, developing, producing, supporting, servicing, recovering
and recycling products. Cost and time reduction, customer satisfaction, lifecycle
responsibility, environmental protection and resources conservativeness have to be
part of super-models, with algorithmic and heuristic blocks, balanced by captured
knowledge, virtual tests, on-line analyses and designer’s decision making. The
PLM aids will support the best practice, from the ideation, up to operation and call-
back, with waste handling and remediation. Every requirement is shown to the
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users, and transparent to the authorities, so to assess the resource productivity. The
federated modelling approach becomes dynamic, with learning a bit at step issues
and training the design teams to combine views and integrate functions.
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Abstract: Innovation is one of the main drivers of business success. Using
computers and special software applications in support of innovations cannot only
shorten the whole process of bringing an initial idea to life, but it can improve the
overall decision making process. Moreover, aligning innovation management and
product life cycle management (PLM) helps organizations in gaining and reusing
important knowledge to be one step ahead of the competitors. This chapter
provides a practitioner’s view on the current situation, deployable solutions,
current trends and future developments in the field of computer aided innovation
(CAI) and product lifecycle management. A web-based Platform will be illustrated
as an example of computer aided innovation.

Keywords: innovation management, collaboration, documentation, organization,
knowledge management

1. Introduction

During the last decade, innovation and the management of innovation have
become industry buzz-words. Following Lueke and Katz [1], “[i]nnovation ... is
generally understood as the successful introduction of a new thing or method ...
Innovation is the embodiment, combination, or synthesis of knowledge in original,
relevant, valued new products, processes, or services”. Don Sheelen, former CEO
of Regina Co., placed innovation at the forefront of modern business stating that:
“Innovation is the lifeblood of any organization”. He emphasizes, “[w]ithout it,
not only is there no growth, but, inevitably, a slow death”. And management guru
Peter Drucker [2] described it in a quite similar way: “Not to innovate is the single
largest reason for the decline of an existing organization”.
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But how does a modern way to innovation look like? What is appropriate for
today’s business life? Which challenges lie ahead and how do we intend to face
these challenges?

2. Background

Computed aided design (CAD) is already a very well known and highly respected
way to work among engineers, architects or designers. Computer aided innovation
(CAI) in contrast is a relatively new way to gain a relevant advantage in the
market. According to Schumpeter’s definition, innovation is a significant,
sometimes even radical improvement; either in products, processes or services
offered to an internal or external customer of an organization [3].

Some of the most common reasons for failure of innovations are according to

O’Sullivan [4]:
e  poor leadership,
poor organization,
poor communication,
poor empowerment,
poor knowledge management.
While the above mentioned reasons are barriers in the cultural infra-structure,
other failures happen within the innovation process. These include:
e  poor goal definition,
e poor alignment of actions to goals,
e  poor participation in teams,
e  poor monitoring of results,
e  poor communication and access to information.

By taking these failures into account, CAI does not mean the simple use of
personal computers within the innovation process. Neither should it imply the use
of a computer aided TRIZ-tool nor other models such as provocative word or
picture. Rather, it is the goal-oriented adoption of advanced information and
communication methods and tools that describes CAI in its current state of
development. Major functions of these methods and tools must focus on
integration and virtualization as well as interdisciplinary, multi-scalable and
multicultural team collaboration. All of these functions are meant to avoid or
overcome the innovation barriers described above.

3. Knowledge management platform

A web-based platform for knowledge management is an example of software
designed to facilitate collaboration and perform specific knowledge management
tasks. This platform should provide support to knowledge sharing, communication
within and across different types of organizations such as teams, departments, or
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inter-organizational networks. It shall promote active knowledge management of
the organization’s members to develop new ideas, document existing knowledge,
and integrate all aspects of innovation processes. A platform for knowledge and
innovation management must provide a basic framework to develop, capture,
share, preserve, apply, and evaluate knowledge as presented in Figure 1.

DEVELOP Creative processes are fostered, ideas emerge,
CAPTURE personal experiences may be stored, and
SHARE shared with colleagues.
PRESERVE For later access, knowledge components are archived,
APPLY integrated in working processes, and
EVALUATE validated. Core knowledge has been identified.

Figure 1 Knowledge Management Framework (www.kmmaster.com)'

3.1 Concept

An ideal platform is based on three central concepts that provide the core of a
holistic knowledge management approach and the fundament of a modern
innovation management: documentation, organization, and collaboration. Every
approach combines these three concepts in a single solution (Figure 2). The
precise implementation of these concepts is based on individual characteristics
that may vary depending on existing requirements within an organization.

Organization is related to processes, people, roles and the formal organization
as presented in an organization chart. Here, the web-based platform supports
mapping of organizational and knowledge management processes.

®
MASTER

Organisation Collaboration
Documentation

Figure 2 Central Concepts of the KMmaster (www.kmmaster.com)

! The KMmaster is a web-based platform developed by Pumacy Systems GmbH. The main goal
of the tool is the support of organizations in knowledge based processes (e.g. innovation
management). The approach of integrating different fields of interest makes it a unique
solution in the area of computer aided innovations. Nevertheless it represents a broader range
of tools dedicated to support organizations along the innovation process.
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Documentation is related to structures, documents, data, and classifications.
The platform aims at the construction of knowledge components to capture
codified knowledge as well as tacit experiences, competencies, and networks.

Collaboration is related to communities of practice, individual motivation, and
groupware. The tool supports knowledge and new ideas developed and shared
within specialized communities of practice.

3.2 Task-driven View

Given a typical task concerning the management of innovations within an
organization, the three concepts outlined above can be combined into different
approaches. An approach presents a strategy to solve a certain problem. Figure 3
illustrates two approaches to the development of knowledge, competencies, and
ideas. They are possible examples from the six knowledge activities introduced in
Figure 1. In both approaches the documentation is reduced to a minimum in
advantage of the dimension collaboration. The peculiarity of the parameter
organization varies.

Approach 1 Approach 2
If collaboration becomes more If knowledge was not documented
intensive and formalised, do you and made accessible, an innovation
believe that the innovation process process in combination with an
could be improved and extended? intense exchange of experiences
might support a reuse of
knowledge.

Col

high

medium high
Doc Org | Doc Org
Col: Collaboration
Doc: Documentation
Org: Organization

low, medium, high: Specification

Figure 3 Approaches of a web-based platform - KMmaster-examples (www.kmmaster.com)
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These examples show only two different ways in which the general platform
might evolve, always according to the specific needs of the utilizing organization.

3.3 Functions

The web-based platform should support internal and external communication as
well as virtualization of knowledge, visualization of decision making processes
and the ability of teams to cooperate. These functions are connected to a concrete
technical level. For each of the three concepts, the framework of the platform
shall provide the following functions:
e Documentation of knowledge and experiences:
o flexible templates to capture knowledge components,
o software system integration,
o classification by community and taxonomy,
o full text search including attachments, meta-data and
timeframes.
e Organization of processes and knowledge:
o modeling of innovation and knowledge processes,
o assignment of user rights and roles,
o process-based validation of documents.
e Collaboration in knowledge communities:
o community-based document management,
o individually configurable workflow management,
o support of distributed teams and sites,
o collaborative desktop.

3.4 Innovation Management Edition

Every generalist platform must provides specialized editions to meet the
requirements within different environments and their individual approaches. These
editions must be designed with regard to specific applications (lessons learnt,
reporting), processes (innovation management) and industries (life science).
Though the editions are standalone solutions, they might be adapted and combined
according to the requirements of the deploying organization.

An Innovation Management Edition supports the entire idea management
process. From generating ideas, their evaluation, up to their documentation, all
people, processes, and organizational levels can be included through highly
flexible workflows.

As a result from the analysis of the innovation management process concerning
the different roles (idea provider, experts, management), this edition provides a
functional tool which practically supports de-centralized creation, share, and use
of ideas effectively.
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In addition, an ideal Innovation Management Edition provides functionalities to
communicate and interact. Teamwork is supported with interchangeable language
files, interdisciplinary teams are united via highly flexible community concepts.

The generation of ideas is supported as well as their contribution. Collaborative
workflows back the development and enrichment of the generated ideas, while the
anonymity of organization members is guaranteed if they wish so. Nevertheless,
detailed ratings and assessments filter the relevant and promising ideas from the
one with less good prospects. The latter one might be kept in an archive to inspire
others and the former will be fostered and enriched.

Systematic analysis, statistics and reporting allow detailed information of
management and other stakeholders.

4. Product Lifecycle Management (PLM)

Knowledge is one of the most important factors regarding profit realization in
innovation management. For instance, companies who pursue to be “first to
market” with their products, have the advantage to realize the profits in the initial
phases of PLM until the imitators come to the market. PLM is a strategy which
enables the companies to bring better products to market faster and provide better
support for customers [5]. Therefore, PLM should be integrated in a whole added
value of the company.

Crossan et al. [6] predicted the urgent need to enable feed-forward and feed-
backward knowledge sharing between the product lifecycle phases. Their
framework points out three levels of organizational learning and knowledge
management: individual, group and organization. A knowledge management
platform affiliates the exchange of all these levels and allows consequently feed-
forward and feedback processes. The feed-forward process is embedded in the tool
itself, as the system and structures are represented. The institutionalized
knowledge affects groups and individuals within the organization (feedback
process). However, forward and backward learning does not only affect the
different levels of learning but might be seen as a suggestion how to use
knowledge gained in different projects and products (Figure 4). Forward and
backward knowledge sharing across different products illustrates how knowledge
might be used across different product lines.

Forward knowledge sharing is already established in many organizations and
the learning curve represents the improvements in costs and benefits. Backward
knowledge sharing, however, is also of importance as new solutions or new
knowledge gained by the development team is given back to management, sales,
and support.

The different states of a product should not be seen as autonomous and self
sufficient tasks. Rather, each of them is an important share of the wheel. Only
with interaction between the different parts the organization will run smoothly.
The knowledge gained by idea owner and developers is important not only for



Web-based Platform for Computer Aided Innovation 235

themselves as the turn to new projects, but it is important for the people working
later with the product, and vice versa.

sales product A

I
I
I
I
I
|
I
I
_’/L profit product A
I

»
time
R, I
backward
knowledge
sharing 1777777 E
forward : } sales product A
knowledge : }
sharing : |
I 4 >
I ‘ .
: _’/L profit product A time
\
I
[ [

C "3 development
[ 1 introduction, growth, and maturity
wwwwwwwwww decline

Figure 4 Forward and backward knowledge sharing across different products

Therefore, it is extremely important to integrate the different stakeholders and
harvest their knowledge, their ideas, and the successful innovations. A computer
based tool which combines organizational, documentary, and collaborative tasks
presents a successful approach. According to the organization’s needs, it will be
modulated with its highly flexible background.

5. Future Trends

Commonly, only the individual construction engineer, developer or decision-
maker has the knowledge, why a potential solution has been adopted or
abandoned. The goal of every future orientated application must be the
externalization of this knowledge and the ac-companying information. The overall
view over a product lifecycle is mostly exclusive for the people working on the
very project. Nowadays, the reuse of information and knowledge mainly depends
on informal networks and communication between the employees [7]. Therefore,
it becomes necessary to use specific tools and methods to reuse information
throughout the whole PLM process.
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It should be a strategic goal to optimize the process of implementing an
innovation, the innovation pace. The quality should be improved and supported by
a universal engineering system along the product development process.
Innovations must be described formally and systematically and their stage of
maturity should be measurable. This will help to improve the quality of
innovations and reduce the overall costs. For a systematic innovation process and
requirements resulting in reference models, appropriate methods and strategies are
needed. This will contribute to make innovations measurable and enable their
implementation. The development of these methods and strategies focuses on an
integrated risk management to identify product and process risks early on in the
development and prepare and plan preventive quality strategies and
measurements. Moreover, a dedicated innovation maturity model and an
integrated measurement of static and dynamic process parameters to control the
processes must be considered. Methods to validate innovations according to
quality gates within the innovation implementation process must be gathered.
Current trends as Open Innovation and the continuously increasing demand for
collaboration lead to additional factors of uncertainty in the management of
innovations [8]. Though the decision making process becomes more and more
complex, easily applicable evaluation methods must be found and adjusted for the
deploying organization [9].

6. Conclusion

According to Davila et al. [10] “[i]nnovation, like many business functions, is a
management process that requires specific tools, rules, and discipline”. An ideal
web-based platform shall provide an organization with an easy to use tool.
Depending on the specific necessities, it can be implemented as idea or innovation
management solution; or even more future orientated using the tool along the
whole process of managing a product lifecycle. The necessary rules are integrated
into the application and display its backbone. Discipline is supported by special
features implemented in the software.

Nevertheless, it is the people of an organization who make the system run.
Therefore, it is extremely important to combine not only methods and theories, but
to integrate employees and partners as early as possible in the process of
deploying a system for computer aided innovation — especially if it is meant to
accompany the whole product lifecycle management.
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Abstract: The role of this framework of cooperative analyses is to build a
foundation for higher quality analysis in large work of CAE. The distributed vaults
are constituted in peer to peer manner. A large scale analysis can be conducted in
higher quality by cooperative analyses with the dividing and unifying process.
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1. Introduction

Computer-Aided Engineering, CAE, is nowadays a common method for analysis
of some phenomena in many engineering area. Some of the CAE advantages are
the cost-effectiveness, the time-efficiency, and the capability-efficacy of the
worker or the working team. The capability efficacy, in this paper, is similar to the
productivity of a worker or a team but dissimilar in focus on the quality than the
quantity of the work produced. However this capability is intrinsically dependent
on the ability of the worker or the working team, and the efficacious field or the
specialty is differ between the workers or the working team.

For large work of CAE, it is desirable to divide the object into partitions and
they are distributed to the workers along the person’s efficacious field and then
collected and unified into the entire object. In this paper we call these distributed
analysis tasks cooperative analyses between the dividing and the unifying of the
object. Among the partitions divided, some may have deep relevancy among them
thus should be analyzed exchanging results. There have been a number of works
related to cooperation including computer-aided acquisition and life-cycle
support(CALS), product data management(PDM), knowledge management or etc.,
but none of them was suitable to this specific cooperation of analysis tasks.

Most of developments on CAE have been focused on one specific field, such as
dynamic analysis, structural analysis, or fatigue analysis for example. Their
interests are to pursue higher accuracy in simulations approaching to measured
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values in the experimentation. However, in real world a machine is a composite of
many fields from various branches. For instance, a railway system is a synthetic
one of multi-body vehicle from mechanical engineering, railroad construction
from civil engineering, electric power supply from electrical engineering and the
other adjunct fields. In railway system, several parts have interactions between
each other, for example, the wheel and the rail contacts each other and they have
influences in their analyses conducted. In this work the objective of the analyses is
conducted in size to be processed separately, so different from multiphysics or
multidisciplinary system design optimization. After processed separately, the
influencing values are exchanged and the analyses are conducted again in their
sizes until some criterion is satisfied.

The role of this framework of cooperative analyses is to build a foundation for
higher quality analysis in large work of CAE, in which the specialists or experts in
their efficacious fields are participating. The process and system schematics are
described in the next sections.

2. Distributed Vaults of the Analysis Files

The partitions in the cooperative analyses are distributed to, and collected from
each specialist or expert. One central vault could be adequate however, for quick
access of large files frequently, it is better to use local storage subsystems of
experts or specialists who may be geographically dispersed. Distributed PDM
contains replicated/fragmented metadata and user data since it has vaults inherent
from the concept of one central vault as classified in [1].

struct partition_file {
Object-title
partition-name, number,
ownerlID,

description,

file-pwd,

file-name,

file-state,

b

[1 File State
1. Draft
2. Ready to check
3. Pass / Fail
4., Approved

Figure 1 File organization and states.
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The file of the distributed partition is most accessed by the worker dealing with
the partition. A local storage contains all the versions of the worker or the working
group data, as one is shown in Figure 1, in the framework proposed in this paper.

The distributed vaults are constituted in peer to peer manner. There is no
replication and thus no actions for file state change such as check in/out or
release/obsolete, required by one central vault. The owner only is able to create,
modify and remove the file and it is stored in the person’s local storage only. A
remote worker may access a cached file of the original in the person’s local
storage, but the cached file does not remain after the person’s logout.

This distributed vaults is dissimilar from the other distributed vaults evolved
from one central vault. The vaults also have one service point in which metadata is
located but there is no particular server for vaulting. The original files locate only
in the owner’s local storage. The one service point does not have any stored file
but exits for the view of conceptually one vault, which is congregated local
storages in reality. The reason behind this composition of file locations is human
concerns. The specialists or experts don’t agree on the exposure of their know-
how by files of versions in several steps. Participating workers could endeavor to
conduct more-skilled analysis concealing their know-how. In the guarantee of
concealing person’s know-how, the person might play an innovative role.

The cooperative analyses proceed by changing the states of files associated
with partitions. After the completion of an analysis for a partition, the files appear
to other remote workers indicating Ready to check. When analysis files of a
relevant partition appears with Ready to check, the cooperating workers conduct
larger analyses combined with files of relevant partitions and make the report of
each result. The result is messaged including Pass or Fail to the owner. If the
larger analysis produces the result does not satisfy a prescribed criterion, the result
is messaged with Fail and additional memo describing the reason.

Only if all the results of relevant partitions are messaged with Pass, the files
state is changed into Pass. Only if every file state of the relevant partitions is
changed into Pass, then those files are all marked Approved.

3. Dividing the Object into Partitions and Unifying from the
Partitions

Basically cooperative analyses proceed with the unanimous passes in peer-to-peer
manner. However dividing the object, the entire work, and unifying into the entire
work are processed in top-down and bottom-up manner, respectively. The dividing
and unifying process is shown in Figure 2. A few partitions could be overlapped
on one functional block according to the specialty of interest. Some functional
blocks become partitions to be structural analysis, and some other functional
blocks become partitions to be fatigue analysis. In the cooperative analysis,
analyses on those partitions are conducted concurrently. Partitions the influencing
values need be exchanged should Pass analyses again with the exchanged values.
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When structural analyses on every partition Pass, all the partitions are unified
into one total view, the object. When every partition Passed the fatigue analysis,
those are unified into another total view. With the two total views overlapped,
partitions of some functional blocks may need another round of analyses due to
their interactions by related features. This cross-field analysis is conducted by
related teams under the co-operation of the two team leaders and the head analyst.
By modified criteria after the cross-field analysis, further analyses could be
necessitated in each team. In the case the object is a car, for example, an axle shaft
can be a functional block. The partitions of structural analysis and the partitions of
fatigue analysis may overlap on the wheel block. In Figure 3, the partition S2 and
the partition F3 may overlap on some functional block, for example.

The continuation modifying the criterion involves non-deterministic rounds of
analyses. This continuation is analyses in progress toward higher accuracy in
simulations approaching to measured values in the experimentation. In this
continuation the team leader can be replaced with a team worker, with respect to
the specialty of interest. The new team leader takes over only the authority to
access the metadata, and it is another reason why the files are locally stored.

1. The object is fragmented in functional blocks by
the head analyst. The leaders of analysis teams
is assigned in accordance with their specialties.

2. Each leader divides the object into partitions
with respect of his specialty. The partitions are
distributed to the team workers.

3. The leader may adjust the prescribed criterion to
coordinate the cooperative analyses when it is not
expected that the Failed partition would satisfy
the criterion. After the partitions are marked
Approved, they are collected by the leader.

4, The partitions in respect of each specialty are
overlapped with ones of other specialty to form the
blocks. The head analyst produces an analysis report
of the object out of the functional blocks
in cooperation with the leaders.

Figure 2 The dividing and unifying process.

4. Cooperative Analyses

The analysis results of the Approved partitions are collected and unified into the
object. As each partition has partial information of the object, parametric
conditions are properly prescribed. This is the prescribed criterion and settled
while dividing the object by the leader and workers. The source data for analysis,
such as CAD files, could be delivered via the database like described in [2]. The
input data for analysis is created from the source data. It may be stored in the
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database but produced output data may not necessarily be stored in the database in
this framework.

Since the prescribed criterion may not be properly settled in the first time,
dividing, cooperative analyses and unifying could be repeated several times.

Object
Composition of
Functional Blocks
T

Object View Object View Object View
of Dynamic of Structural of Fatigue
Analysis Analysis Analysis
[
Partition D1 Partition D2 Partition D3 Partition §1 Partition $2 Partition $3 Partition F1 Partition F2 Partition F3

of Object of Object of Object of Object of Object of Object of Object of Object of Object

Figure 3 Dividing the object into partitions by multiple views of respective analyses.

Many of metadata structures should be required to maintain the output files,
and input files as shown in Figure 1, of each partition. However those are not
defined in this paper as they are application-specific. A subset of sample user
interfaces is displayed in Figure 4 and 5, which are of the database for source data
distribution for the analysis of a partition. The input data is created and stored at
the worker’s local storage.

iDescription'l[

List Upload h]

Figure 4 Source data registration for distribution.
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5. Summary

A peer-to-peer mannered data exchange and the process are proposed for
cooperative analyses. The peer-to-peer manner eliminates tedious file check in/out
and the file state field replaces the release/obsolete markings. A large scale
analysis can be conducted in higher quality by cooperative analyses with the
dividing and unifying process. Although this framework presents a foundation of
cooperative analyses, the target of the framework is knowledge management such
like [3]. However it should be avoided a complex usage from complicated process
in the system. The data exchange method would evolve, in the peer-to-peer
manner, for the knowledge management.

By the cooperative analyses the development of a product, with parts in higher
quality, is prospective. When the knowledge management is realized in evolution
of this framework, the users could derive a new technology, which is innovative,
not only a better product from the knowledge management system. In this work
we presented a way to collaborate on CAE with teams. In this collaborated CAE
we are seeking for a practical method to derive a system for Virtual Engineering.
The knowledge management would be a part of the system and the processes are
refined and synthesized to be generalized ones against each sort of the analysis.
While building and upgrading the cooperative analysis system, the system would

develop into one for Virtual Engineering resolving the issues arising from the
collaborated CAE.
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Abstract: Among TRIZ users the importance given to patent resources is far be-
hind the mere protection of R&D results. Patents represent a starting point for new
inventions and a huge resource for collecting information on the way contradic-
tions have been solved and in which different field such solutions may be adopted.
Moreover the worldwide patent database contains information about the technol-
ogy evolution that can be extracted so that the level of maturity of a product or
process can be evaluated towards TRIZ laws of technical evolution. The contribu-
tion of this paper is to provide a step by step procedure, partially automatic, to per-
form TRIZ oriented patent search. The procedure, while determining the level of
innovation of patents, allows defining a sharp set of patents responding to a struc-
tured query. The procedure has been applied to several case studies of different
fields (e.g. mechanical, medical, and electronics) and a significant example refer-
ring to X-rays technology is shown in the paper.

Keywords: patent investigation, TRIZ, level of inventiveness, patent clustering

1. Introduction

This paper presents a systematic approach to search and classify world patents in
groups according to their degree of novelty and inventiveness. TRIZ methodology
has been used to define the criteria to discriminate patents describing a small in-
ventive step or optimization from real breakthrough inventions and discoveries.
TRIZ literature presents a large number of papers referring to the subject of level
of innovation [1-3] as it is part of basic concepts of the methodology, and patent
search methods according to TRIZ are widely known as well. By the way usually
the focus is put on the way patents can be exploited to innovate more while the
previous step, finding the right set of patents, is less considered. This may cause
the whole work to fail because some information are missing, or not enough time
is available to perform manual analyses.

Please use the following format when citing this chapter:

Regazzoni, D. and Nani, R., 2008, in IFIP International Federation for Information Processing, Volume 277;
Computer-Aided Innovation (CAI); Gaetano Cascini; (Boston: Springer), pp. 247-258.



248 D. Regazzoni and R. Nani

The goal of the overall research is to provide the inventor with a procedure to
perform better and quicker patent search. Then the results obtained could be used
for several purposes, such as:

Defining the state of the art of technologies from emerging to mature;
Assessing the degree of inventiveness of a patent or concept;

Building quantitative curves describing main drivers trends of a technology;
Forecasting future evolution of technology and products.

Ikovenko et al. [4] define five steps to enhance Intellectual Property (IP) strat-
egy taking advantage of TRIZ tools: evaluate goals and area to protect, evaluate
company assets, develop a defensive patent strategy, implement it to build broad
patents and, finally, manage your patent portfolio. TRIZ together with problem
analysis and semantic tools are powerful instruments for patent strategies devel-
opment. It is necessary to further sharpen algorithms and recommendations on us-
ing specific TRIZ tools for specific strategic IP objectives.

TRIZ practitioners are familiar with using patent resources to perform innova-
tion in addition to protection and circumvention. Generally patents are required to
be classified by the Contradiction they solved and Inventive Principles they used
instead of the fields in which they are involved. Most of the currently available
general purpose patent classification systems, such as International patent Classi-
fication or European Classification, are based on technology-dependent schemes
and they hardly satisfy TRIZ users’ requirements. TRIZ-oriented automatic sys-
tems to identify Contradictions and Principles have been developed and notable
enhancements have been obtained in the last years [5,6] but they are not yet ma-
ture for a wide diffusion.

2. Methodology

The methodology presented in this paragraph has not the goal to obtain better re-
sults in terms of patent found compared to other TRIZ based patent search
method. What is claimed is a better usability and short timing in gathering the de-
sired set of patents. This goes through a less iterative procedure in which there is
almost no need to read the content of any considered patent. The methodology
takes into consideration Souchkov’s works [7] on the classification of five Levels
of Invention and on the differentiations of solutions according to such classifica-
tion. Souchkov distinguishes novelties of solutions on the base of three criteria:

1. Function: Any man-made system is designed to fulfil a certain purpose, which,
in turn, is provided by a certain main function of the system;

2. Principle: This is a basic scientific effect, principle or phenomenon that enables
function to be delivered.
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3. Market: Any man-made system delivers its function within a certain context,
which meets a certain need of a specific market.

The methodology developed determines a model capable to (a) classify every
man-made system on a function-principle combination and (b) individuate the sys-
tems and sub-systems that materialize such function-principle combination. For
what concerns market no information are retrieved by patent database and market
issues will not be taken into consideration.

The step by step procedure explained in the followings is based on an intensive
use of Delphion [8] patent search engine capable of:

1. Browsing Codes according to International Patent Classifications, using key-
word searching to find relevant IPC classes going down through the entire hier-
archy. At each level of the hierarchy the number of child classes is identified,
along with the number of patents associated with each class.

2. Clustering Texts to examine search results using linguistic technologies to ex-
plore relationships among patents creating a more targeted analysis of patent
data and analyzing similarities to focus on what's most relevant.

2.1 Patent Investigation and Analysis Procedure

The procedure is composed of five steps as shown in the scheme of Figure 1.
Starting from a research context or general interest in a technology the procedure
gives back small and precise sets of patents depending on specific objective of the
research project, such as cost reduction, elimination of a device or change in the
product layout. In the following each step is explained in details while the next
paragraph shows step by step the application to the X-ray technology and results
are discussed.

2.1.1 Step 1: Boolean search

On the base of a given subject or field of research the first step consist in perform-
ing a Boolean search using few and generic keywords defining the technology,
and no restriction on the IPC (International Patent Classification) classes are im-
posed. The search results consist in a wide set of patents describing several differ-
ent aspects of the technology and commonly distribute over several different fields
of application. After the search algorithm has been defined and results are given
from the patent database some simple statistical elaborations are made. Starting
from the date of the first patent of interest some trends are plotted over time to de-
scribe:

e The number of patents filed per year;
e The cumulative number of patents filed per year
e The number of IPC 4 digit classes in which patent have been classified per year
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Fig. 1 5 steps scheme of the patent investigation and analysis procedure

Although data are still to be refined and analyzed according to TRIZ tools, the
shape of the cited graphs is a preliminary raw indicator of the level maturity of the
technology searched. In particular the cumulative number of patents may resemble
to a complete or partial S curve and hypothesis on the stage of evolution can be
done.

2.1.2 Step 2: Definition of Intellectual Property Density (IPD)

The second step consists in the definition of the Intellectual Property Density
(IPD) given by the ration of number of patents over the number of IPC 4 digit
classes per year. The IPD indicator shows the concentration of patents of the given
technology according to the IPC classification. Plotting the cumulative graph of
the Intellectual Property Density the Break Year Event (BYE) can be defined. The
cumulate IPD is a simple but effective tool to discriminate low and high level in-
novation patents on the base of the stage of evolution. Actually, as it is commonly
recognized that inventive level of patents applications decreases along the S curve,
we can roughly divide patents before and after a specific year named BYE. Find-
ing the BYE is necessary for the following steps but its determination cannot be
performed universally by means of an automatic algorithm. A technician with
some expertise in patent analysis may recognise the BYE by observing the graph
cited before. It may correspond to the change of concavity in the cumulative den-
sity of IP, or to specific small signals. For emerging technology the last stages of
evolution are not been reached and all patents may belong to the first group. Any-
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way, a mistake of a few years can be generally tolerated since it does not impact
dramatically on the overall results.

2.1.3 Step 3: Structures of Novelty

A direct result of the definition of the BYE is the creation of two subset of patents
that will be addressed as Structure A and B. Structure A is made by the patents
filed before the BYE that are characterized by a low level of intellectual property
density. Patents of Structure B on the contrary are subsequent to the BYE and be-
long to several different IPC classes. According to TRIZ classification of level of
invention we can assume inventions of level 1-2 belongs to Structure B while in-
ventions of level 3-4-5 belong to Structure A. The subset of patents of Structure A
and B can be easily obtained by opportunely adding a time frame to the search al-
gorithm of step 1.

2.1.4 Step 4: Clustering

In step 4 a clustering algorithm is applied to patents of Structure A. Analyzing the
text of patents terms are grouped in order to obtain the minimum number of clus-
ter having almost no cross connections. The result can be automatically shown by
a graph. Each cluster is composed by a number of terms, describing both devices
and actions that for Structure A are quite homogeneous for meaning and field. A
quick scan of the terms is enough to associate TRIZ Inventive Principles to each
cluster. By the way there no need to go through all the clusters if in the working
context a specific goal is defined. Actually, the goal can be directly associated to
one or a few clusters and further analysis can be focused on those ones.

2.1.5 Step 5: Functions and Systems

The last step has the goal to identify a small set of highly interesting patents of the
given technology responding to the specific goal of the research project. Once one
or a few clusters of Structure A have been identified, Inventive Principles are used
as keywords in a new search on Structure B. This allows highlighting critical com-
ponents and interactions focused on the specific research goal. The overall output
of the procedure consists in a list of patents strictly related on the research issues,
together with a sharp indication on devices and functions involved.

2.2 Application to X-rays technology

X-rays technology has been chosen to demonstrate a real application of the proce-
dure described so far. According to Step 1 the Boolean text search by words or
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phrases (alphabetical or numeric), using up to four designated patent fields, is per-
formed. The search criterion (1) is:
((x-rays) <in> (TITLE,ABSTRACT,CLAIMS)) 1)

Collections searched: European (Applications - Full text), European (Granted -
Full text), US (Granted - Full text), WIPO PCT Publications (Full text), US (Ap-
plications - Full text), 15,601 matches found of 11,254,955 patents searched

The patent data base gives the information (plotted in Figures 2-4), distributed
on the Field Years, valid for European (Applications - Granted), US (Applications
- Granted) and WIPO PCT Publications.

In the second step the distribution of patents in respect to the branches of tech-
nology is considered. In particular the Intellectual Patent Density is defined and
plotted in Figure 5 and 6.
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In this case the Break Event Year (BYE) is simply determined as the year cor-
responding to the average value of the cumulative density of intellectual property.
Thus, being 16 patents per IPC class the cumulative IPD average the BYE corre-
spond to year 1989.

Third step is aimed at classifying the whole set of patents into two Structures:
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e Structure A comprehend solutions of level 3,4 and 5: discovery, pioneering,
radical creation of news functions and new systems;

e Structure B involves Level 1 and 2: relatively simple modification on the exist-
ing function/principle combination, relatively simple modifications of the exist-
ing subsystems, no new functionality, improving or merging existing solutions.
Structure A is characterized by a low density of intellectual property.

In fact, every new patent application - regarding a discovery of a new principle
(Level 5), or a creation of a radically new function/principle combination (Level
4), or the extending a function/principle combination (Level 3) — involves news
IPC code, maintaining a low value of Density of Intellectual Property (IPD) and/or
Cumulative Density of intellectual property.

Structure B is characterized by a high density of intellectual property. In fact,
every new patent application - regarding a qualitative (Level 2) or quantitative
(Level 1) improvement within existing function/principle/market — does not in-
volve new IPC code. The two subsets of patents can be obtained by adding a time
constraint to the Boolean algorithm used in step 1. Structure A is defined by:
(X-rays) <in> (TITLE,ABSTRACT,CLAIMS) AND (DP>=1960-01-01) AND
(DP<=1989-12-31) 2)

Patents of Structure B are defined analogously.

Step 4 has to goal to create clusters and associate them with Inventive Princi-
ples. We take into consideration a number of clusters capable to involve only the
principles avoiding or minimizing the number of connection of descriptive words
between different clusters. A Text clustering of Structure A results to be optimized
for 20 clusters for which there are only three combined clusters (6<10>8) as
shown in Figure 7.
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Table 1 Results of text clustering on Structure A

Cluster

1

18

19

20

Items

233

203

185

149

134

111

Descriptive words

provide, method, use, process, disclose, comprise, form,
invention, radiation (38), material

electron, beam, generate (25), target, electron beam,
apparatus, mean, focus, produce, source (25)

Detector (3), comprise, source (25), detect, system,
device, plurality (1), apparatus, radiation (38), dispose

signal, control, (23) voltage, current, value, output, tube,
include, produce, predetermine

laser, energy, target, focus, use, produce, emit (38), beam,
obtain, high

Image (26), display, enable, use, provide, scan, film (30),
control (23), cause, mean

Step 5 prescribes the Boolean combination of items of structure B and princi-
ples extracted by the clustering texts of items of structure A. This allows to define
the matching system and sub-system designed to fulfil a certain technical purpose.
We consider for example the principles characterizing cluster 20 of structure A.
We consider 10 clusters as optimized structure.

Table 2 Final set of clusters defining systems and subsystems of a technology

Cluster

1

10

Items

20

17

12

11

Descriptive words
comprise, carry, relate, form, process, move, invention, film, method,
use

correspond, apparatus, first, light, method, receive, response, describe,
capable, portion

patient, move, first, position, calculate, subject, detector, combine,
tube, disclose

utilize, object, display, radiation, source, digital, electronic radioscopic
imaging system use, portable, pulse, self-contained
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We can observe that every cluster obtained is constituted by concatenated sub-
clusters. Figure 8 shows cluster 1 that is formed by concatenated sub-clusters. The
main sub-clusters contain the main function of the system.
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Fig. 8 Graphical representation of sub-Clusters of Structure Band their strong interactions

At last to each sub-cluster a small amount of highly focused patents are identi-
fied. For sub-cluster 1 five patents are found with a high level of similarity.

Table 3 Set of papers resulting from the patent search

Publication

WO09930486A2

WO000243856A2

US26032433A1

US26131669A1
WO09821625A2

Similarity Title
59% FORMING AN ASSEMBLED
SUCCESSIVE X-RAY IMAGES

55% ORDERED TWO-AND THREE-DIMENSIONAL
STRUCTURES OF AMPHIPHILIC MOLECULES

IMAGE FROM

51% Rapid X-ray diffraction method for structural analysis of a
nano material [...]
49% Thin film transistor for imaging system

49% WIDE LATITUDE FILM
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3. Conclusions

The contribution of this paper to the state of the art of TRIZ oriented patent search
is to provide a step by step procedure, almost automatic, based on level of inven-
tion. The described procedure allows to define a narrow set of patents responding
to a structured query taking into account both general definition of a technology
and a specific objective of research. The procedure is based on the advanced use
of a patent search engine together with some TRIZ tools to gather results suitable
for innovation means.
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