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1. INTRODUCTION

It is well known that technology innovation in SME®king conventional products is carried out
mainly by learning by doing and only in minor pagt R&D activities. For learning by doing in
SMEs we intend not only tests carried out on indailsplants to improve technology efficiency but
also changes in plant technologies to make newadwgal products, introduction of new equipment,
and adaptation and use of technologies existingtler industrial sectors. For R&D we intend
laboratory research concerning feasibility studaesi development of a new technology to an
industrial application stage. Prevalence of leayniny doing activities in SMEs making
conventional products restrains most of their tedbgical innovations at an incremental stage
excluding almost entirely radical innovations. Suelt limits the competitiveness of the firm
especially in the medium and long term versus p@leradical innovation of conventional products
in the frame of globalization of productions. Tkituation is resulting by many factors that make
difficult to SMEs to carry out R&D (Bonomi A. Hao. 1993). Such factors concern: lacking of
financial means, lacking of human resources andpebemces especially in the case of innovations
requiring new knowledge for the firm. Another hasap is constituted by the fact that SMEs, rarely
have suitable laboratories for R&D and, when itudtidbe done, contract research with external
laboratories is necessary. These facts raise pnsbbbout an effective exploitation of results of
work of external laboratories in SMEs whose innmgexperience is limited mainly to learning by
doing. For these reasons when promoting technoioggvation in SMEs making conventional
products it would be useful to look at learningdning and R&D activities from a common point
of view overcoming the existing differences. Thiappr presents a model of technological
innovation that integrates from the same pointiefweither R&D or learning by doing to favor
exploitation of R&D activities and has been insgit®y/ a previous mathematical model concerning
learning by doing (Auerswald P. Kauffman S. Lob&hell K. 1998 and extended after to R&D
activities (Bonomi A. Riu A. Marchiso M2007). This model is the result of a long praciice
helping SMEs making conventional products to dgvelechnological innovations with some
radical character by using R&D. In the second térawe present the model in which technology is
considered a structured ensemble of technologalations and dynamic changes of this structure
represent technology innovation. Each technologgration may be characterized by a series of
parameters, each assuming a certain number oktksealues or choicest hat may be represented in
a technological space and transformed in a fitr@ssechnological landscape by associating
efficiency values. A family of different technol@g with the same application purpose may be also
represented in a space of technologies in whicldistance between a new and an old technology
represents a measure of the radicality of the iation. In the third chapter we discuss technology
innovation as an exploratory search either in golrnological space or in the space of technologies.
Technology is seen as an evolving process stawitig prevalent R&D activities and concluding
with prevalent learning by doing activities. Teclogy innovation is subjected to intranalities
representing the effects of change of a technaddgiperation on the efficiency of the others ones
existing in a technology. A technology is influeddey many factors for example of economical or
social nature that modify the technological langecand originate the need of innovation and new
technologies. Such factors constitute the extesnalf a technology. In the fourth chapter we
present some applications of the model concerniagagement of technological innovations in
SMEs and based on suitable structuring of techmedogn term of technological operations.
Applications are important especially in searchipgtential technological innovations and



introduction of new technologies in conventionalogucts as well as in organizing R&D
cooperation in industrial districts composed bynrmaking the same type of products. Spaces of
technologies and fitness landscapes elaboratedebmodel are useful in patent intelligence studies
and to explain important aspects of competition mgndrms. In a fifth chapter we discuss
promotion of technological innovations taking aagbaof the various phases of development that
characterize R&D activities dedicated to innovasiavith some radical character. Using a simple
model of R&D activities describing technology inmdwn as result of a combinatory process of
previous existing technologies and contributions@éntific knowledge, we show that innovation
development is highly dependent on the strengtih@fscientific and technical system exiting in a
territory and that strengthening of such systemase important than availability of funds for R&D
in assuring technological development. In the sctibpter we present the conclusions of our work
and finally in the appendix we describe the matherabaspects of the model of technology and an
application to experimental planning in R&D acties.

2. MODEL OF TECHNOLOGY

The development of a model of technology innovatiofact implies the development of a model
of technology as technology innovation may be sasna dynamic process occurring in the
technology. There are many possible approachesottelng a technology depending on whether
technology is considered as a process or as dacartModeling technology as a process means
considering a technology as a structured ensenfbtecbnological operations in sequence with
time (Auerswald P. Kauffman S. Lobo J. Shell K. 8pand (Bonomi A. Riu A. Marchiso M
2007).. For example a thermal treatment technohogy include three technological operations of
heating, maintaining in temperature and cooling.dslmg a technology in term of an artifact
means to consider the artifact as an ensemblerwétsted components (Frenken K. 2001). For
example a car will have as components engine, brakeels, tires, etc. The choice of the
approach depends on the application considerethéomodel. For example chemical technologies
or production technologies occurring in variougpstare studied better considering technology as a
process, while complex mechanical products suataes airplanes, etc. or electronic devices may
be advantageously approached in term of techn@bgamponents. Finally it should be considered
that in the case of artifacts there is a furthessgality of modeling in terms of processes relaied
functioning of the artifact. In this work we havensidered mainly the approach to modeling
technology as a process as considered applicatvens better studied with this approach. In any
case modeling in term of components has in facilaindefinitions, concepts and mathematical
description as those used for an approach in tdrpracesses and this analogy will be briefly
presented in the description of the model. Teadbgioal operations are in fact also technologies
that may be further structured and choice of thmessary degree of detail of a given structure of a
technology depends in fact on the type of applcati

Modeling technology in term of processes means #h&tchnology is defined by a structured
ensemble of technological operations, as descpipedously in the example of thermal treatment.
In more complex technologies it may include notyamisequence of operations but also operations
in parallel. The structure obtained is similar be telaborated tasks structure when using PERT
method, well known in project management (Bonomi RBu A. Marchiso M 2007). Each
technological operation is characterized by a gertmmber of parameters. For example the
operation of heating in thermal treatment is chirazed by a speed of heating and a final reached
temperature, maintaining operation by its duratiime and cooling by speed of drop of
temperature. Furthermore each parameter may beiatesbto an ensemble of discrete values or
choices in certain established range. For exangddirlg temperature may assume values between a
maximum and a minimum with a step of one degreelfiChis way a technology may have a



certain number of specific configurations or tedbgaal recipes characterized by the specific
values assumed by all parameters of all operatibims.number of configurations or recipes is then
resulting by a combinatory calculation based on loemof operations, parameters and possible
assumed values for a given technology. Using theeem of Hamming distance it is possible to
represent all technology recipes in a multidimemsipdiscrete space in which a point represents a
configuration and distance among points is propodi to difference among the various recipes.
Such space is called technological space. Eaclnodmdiical recipe may be characterized by a value
of efficiency that may be of various types. Forraepée there is an economic efficiency specific of a
particular recipe related to unitary cost of praguc but also an energetic efficiency related to
consumption or production of energy and an enviremiad efficiency based on degree of
elimination of contaminants. Of course, as techgickl operations are themselves technologies, it
is possible to define also an efficiency of thehtemdogical operations whose values contribute to
the overall efficiency of the technology. It shoudd noted that efficiency is not depending on a
specific technology but it is a characteristic ofpeecific recipe of the technology. If we associate
the correspondent scalar value of efficiency tohepaint or configuration of the technological
space we obtain a fitness landscape called tecicaldandscape. In such landscape many recipes
may have very low values or medium values of edficy while one or more recipes may have
optimal values. In practice, for reasons that magxplained mathematically (Kauffman S. Lobo J.
Macready W. 1998 it is uncommon that a technological landscapeeapp monotonous with a
single optimal value of efficiency but it owns fremtly a certain number of optima of different
value and in many cases the landscape is ruggeengneg many optima of efficiency of similar
value.

In the model a technology is specifically defingdits structure of operations, however in practice
we may observe the existence of a certain numbelifigrent technologies that satisfy the same
human purpose (Arthur B. 2005, 2009). Such ensegtnistitutes a family of technologies that in
certain cases are similar with minor changes insthacture of the operations, but in other cases
may have a great number of changes that concertyradlaor all the operations. Also for a family
of technologies, using the concept of Hamming dista it is possible to represent all these
technologies with the various structures in a spatled space of technologies in which each point
represents a specific technology with its strucfreperations (Bonomi A. Riu A. Marchiso.M
2007). The distance among technologies is thengptiopal to their respective difference in the
structure of operations, and the distance exidigtgveen an old technology and a new competitive
technology may be considered a measure of the eegfeadicality of the new technology
corresponding to what is considered a discontinuitytechnological innovation (Nelson R.R.,
Winter S.G. 1977, Dosi G. 198However, it is not possible to define a fithemsdscape related to
the space of technologies as efficiency of a teldyyy as told before, depends on the chosen recipe
and not by technology itself. Of course it would pessible to associate a technology to an
optimum value of efficiency of its technologicahtiscape, and build up a fitness landscape of the
space of technology. However, it should be considlethat rarely a technology has a single
optimum in its landscape and it would be difficidtdefine a standard choice of optimal values of
efficiency. Finally we can make some considerationghe modeling approach of technologies as
artifacts composed by various components. It candbed that it is possible to have in this case a
similar model in which components are equivalenteichnological operations and characteristics
equivalent to parameters that may assume alsouwsadwscrete values or choices in a determined
range. In this way it is possible to define alsaeahnological space for an artifact and a
technological landscape defining the efficiencydbrexisting configurations. In a similar way & i
possible to consider an ensemble of various atsifeatisfying a similar purpose and define a space
of technologies referred to these artifacts. Tls¢adice in this space between an existing artifadt a

a new competitive artifact may be considered a oreasf the degree of radicality of the new
artifact.



3. TECHNOLOGY INNOVATION

A new technology may be considered, in the simpleste, the result of changes in the
technological landscape of an existing technoldgy,normally it involves also modifications in the
space of technologies in which minor changes cpamds to incremental innovations and large
changes to radical ones. Considering for examptechnology of thermal treatment a simple
change, such as variation of maintaining time imgerature may be an improving innovation
although it cannot be really considered a changedhnology as its structure remains the same.
Introduction of an intermediate cooling operationdaa second maintaining period at lower
temperature before final cooling may be insteacdscared a new technology of incremental nature
as there are some changes in the structure of tapeyaThe technology taken as example is
perhaps too simple to have radical innovationsifowe consider a technology of production of a
material with a certain composition followed by lertmal treatment, now considered not as a
technology but as a technological operation, modifon of material composition that make useless
a thermal treatment may constitute a radical neehrtelogy of production of the material.
Following our model a technology innovation may ¢@nsidered the result of an activity of
exploration in the space of technologies and int¢fsbnological landscape of specific technologies
searching better conditions satisfying a human @egpSuch activity is considered by the model of
two types: research & development or learning bynglolt should be noted that search in space of
technologies cannot be dissociated by search indiresponding technological landscapes because
it is in these landscapes that it is possible 8ess the efficiency of a new technology. In fact in
R&D prevail activities of search in the space afhigologies while in learning by doing prevalil
activities of search in the technological landscapech view proposed by the model may be
considered a possible alternative to the commow weR&D activity as composed by three steps
concerning applied research, development and indlisation (Freeman C. 1974From the point

of view of the model a technology, in term of a fignof incremental technologies satisfying the
same human purpose, may evolve similarly to agivanganism in which gestation corresponds to
the R&D activity necessary to bring a new technglagward an industrial use, followed by
prevalent activities of learning by doing and imaental innovations to bring up efficiency of the
technology until it becomes obsolete and it is stiied by radical innovations or abandoned
because useless for human purposes.

Intranality effects in technology innovation

When we introduce a change in parameters valuesceftain operation to increase its efficiency,
we may have effects on efficiency of other operstiaffecting in this way the overall efficiency of
the technology. Such effect represents the intitgnad the technology and exists for most of the
technologies (Auerswald P. Kauffman S. Lobo J. SKel1998 . A rare case of inexistence of
intranality effects in a technology means that teehnology landscape of this technology is
monotonous with one single peak of efficiency. Instncases the intranality effects bring to the
existence of various peaks of efficiency in thedsgape and extended intranality effects result in a
very rugged landscape with a high number of peatts similar values of efficiency. Such facts can
be demonstrated mathematically by the model (Kaaffin$. Lobo J. Macready W. 1998An
extension of intranality effect may exist also whee modify the structure of a technology for
incremental innovations affecting the efficiencyather still existing operations. Such situation is
important in the case of introduction of innovasan a production technology in which various
operations are carried out by independent firmsn dlse case of industrial districts making similar
products, and may be an obstacle to adopting ateelmology. When technological operations are
controlled by more than one parameter or instrugtimtranality effects may not necessarily
concern all parameters of an operation. That medranalities shall be studied as dependent on



instructions instead of operations and relationsnafnality may exist or not among the whole
ensemble of instructions and operations of a teddgyo Finally we may note that, as consequence
of intranality effects, the search of optimal cdiwgis of efficiency may require a tuning work on
parameters values of other operations to obtagakimprovement of the technology.

Externality effects and technology ecosystem

The efficiency of a technology may be influencedabgreat number of factors of various types for
example of economic, social, politic, and environtaé nature and even by dynamic of other
technologies. Such influence on efficiency of ahtesogy is called the externality and has the
consequence to modify the aspect of its technodbdpmdscape making reduction or disappearance
of peaks of efficiency and raising of peaks in ottegions of the landscape. As it is possible to
define various types of efficiency of a technoldgg effects of externalities are a function of the
chosen type of efficiency. As consequence of egtéies a technology landscape is in this way
continually changed and learning by doing and Ré&ddivéties are continuously necessary to
conserve efficiency through modifications of teclogical recipes or even adopting new
incremental technologies and, in rarer cases, togdaction of new radical technologies. From the
point of view of the model it is possible to stutie externalities effects of a certain number of
chosen factors. Each factor may be characterizezkteynal parameters assuming a certain number
of values or choices. In this way externality maydescribed by a certain number of configurations
resulting by a combinatory calculation similarlyat is done for technology recipes. The number
of calculated configurations corresponds in thisec#o the number of technology landscapes
configurations generated by externalities on a ifipeiechnology. Considering now the various
factors of externality, such as for example inarea®f costs of energy or raw materials and their
availability, social and politic factors modifyinthe acceptance of the technology or even
environmental factors that modify norms establighéicceptable levels of contaminants, there are
specific externalities that concern the relatiomaéchnology with other existing technologies. The
fact is that technologies operate in an ecosystefes to biologic ecosystem in which they appear,
compete and disappear by effect of complex relatiexisting among technologies of the entire
ecosystem (Arthur B. Kauffman S. in Waldrop M. 1R9R typical dynamic in such ecosystem is
represented for example by emergence of automoipilédse human transport in alternative to the
use of horse powered carriages. The disappeardmese powered transport had the consequence
of disappearance of other technologies for exanmptbe construction of carriages, fabrication of
horseshoes and existence of coaching houses. Qrhiteside the development of automobiles has
been accompanied for example by development ohtdogies of production of engines, gasoline
and tires and diffusion of service stations. In thehnological ecosystem are all more or less
correlated. For example it may be even found diogldetween technology of construction of cars
and that of electronic devices such as computephotovoltaic cells. In fact all these technologies
make use of silicon that is an important alloyingneent for certain parts of car engines and an
essential material for electronic components adar slls. In fact the amount of silicon used for
electronic and solar application is only a very onirguantity in respect to the amount of
metallurgical silicon used in engines. That hagh@&sconsequence that production technology of
electronic and solar silicon is advantageously peed starting with metallurgical silicon instead of
use of specific technologies from silica contagniraw materials. On the other side at the
beginning of development of use of solar silicoaywdgraded electronic silicon was available for
such purpose reducing the interest in specificrteldgies for the production of such material. If by
hypothesis in future in the human transport integ@mbustion engines will be substituted by
electric motors, the demand of metallurgical siicwill probably disappear and alternative
technologies of production of electronic and ssificon will be of interest starting for example by
high purity sands instead of the present use o€asitontaining stones for production of
metallurgical silicon. This example may give a gadel of how apparently far technologies are in
reality related and how externalities effects amdaghnologies may affect the dynamic of
evolution of technologies.



The analogies existing between descriptions ofcanelogy in term of components instead of
processes, as briefly presented in the previouptel® may be easily extended to dynamic of
learning by doing and R&D activity concerning timaavation of an artifact. In the same way it is
possible to define intranality effects among conmgras efficiency of an artifact and externality
effects on technology landscapes referred to mspaments structure.

4. APPLICATIONS OF THE MODEL

The starting point of any applications of the modekhe structuring of technology in term of

technological operations. As such operations aeenfielves technologies, the structuring of a
technology should be done to a suitable level déil@ecessary for the considered application.
Technological operations have an important rolelescribing technology innovations, R&D and

learning by doing activities made by SMEs. In Fijsand 2 we have reported two examples of
simple structuring of two typical technologies ceming respectively production of taps & valves
and metallic households used in various studiefrBeentering in description of applications, it is

useful to recall how the model sees learning bynglaand R&D activities and which are the

differences between entrepreneurs and managersMi@s Sn respect to researchers in R&D

laboratories in the approach to such activities.

Learning by doing activities

Learning by doing is the more common way to makghrelogical innovations in SMEs. It
includes not only testing improvements of the wvasidechnology operations but also introduction
of new equipments and adaptation of available neghrtologies often already used in other
industrial sectors. From the point of view of th@del such activity may be described in the
simplest case by a change of parameters valueloares in technological operations looking for
better efficiency by searching an optimum posiiiorthe technological landscape. The other types
of learning by doing activities correspond essdlgtia elimination, substitution or addition of one
or more operations in the technology structurercé@ag optimal conditions either exploring the
technology landscapes and space of technologiaser@ley such changes are limited in nhumber
generating only incremental innovations. The ussadéntific knowledge in learning by doing is
limited and concerns essentially the suggestiaegibns of the technology landscape in which it is
more probable to find an optimum of efficiency.

Research & development activities

Research & development is a common way to makentdahy innovations. It includes feasibility
studies, typically in research laboratories, anchrielogical developments through pilot plants
experience or building prototypes in order to asgarthe new technology sufficient performance,
suitable costs and market acceptance of produaim Ehe point of view of the model such activity
may be described as an exploration of both spadeabinologies and technology landscape of
specific technologies of the space. Scientific kisolge plays a role in orienting exploration in
regions of the space of technologies and techndingyscapes in which it is more probable to find
conditions of feasibility and optimal parametertuea for a new technology. In certain cases it may
be useful to carry out also typical scientific r@®d to find new data and knowledge relating to the
R&D activity in what is generally called orienteglsearch. Finally it should be noted the important
role played by introduction of new phenomena distet by science and never exploited before, in
the elaboration of new technologies especially withigh radical character. R&D activity may
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concern a large number of changes in technologjpatations and it is practically now necessary to
develop radical innovations.

When considering exploitation of R&D results comifigm external research laboratories by
SMEs, it should be noted the different points @wiexisting between entrepreneurs or managers of
SMEs and external researchers about the work doteltained results. Managers of SMEs will
essentially consider results and possible techyologovation in term of changes in their
technology operations and consequent effects orptbduction activity and economic impact,
researchers will see results in term of technokdgfeasibility and corresponding scientific or
technological aspects. Such different points ofwviemay generate possible conflicts about
exploitation of results. Such conflicts exist alsdarge companies between people of internal R&D
laboratories and production managers but it coalddrmally settled by top management decisions.
This is not the case of SMEs in which generationestilts and their exploitation are done by two
independent bodies and it is often followed bynntetion of financing and end of project by SME.
This conflict is particularly sharpened when R&DCcasried out in universities in which researchers
may have a good scientific and technical knowledge are not prepared to consider the other
aspects of an innovation. Such situation may besaraed by low experience in management of
R&D results by SMEs accustomed to make innovationly by learning by doing. This is not
generally the case of large industries collabogatiith universities whose managers have generally
a good experience in R&D and technology managenidm, use of the model in explaining the
results in term of nature of technology and tecbgyplinnovation should help to solve such
problems between laboratories and SMEs by convgritie different points of view on a common
assessment and possible exploitation of R&D restuiliss could be done by concentrating efforts
on both technical and scientific aspects as wetlrmeconomic and production impacts. Intranalities
existing in studied technological operation changey be an useful common base of discussion
between contract research laboratories and SMEwetAr the lack of experience in technology
management and especially in the strategic useedinblogical innovations for competitive
purposes existing in SMEs making conventional petglvemains a major obstacle to development
of innovations in such type of firms.

An important application the model concerns thaiiieation of the more interesting technological
innovations that may lead to introduction of nesht@logies in conventional productions. Another
application concerns efficient organization of cexgtion projects for technological innovations.
The model may also be useful in patent intelligestadies and explanation of the existing
competition processes among firms and few othesiples applications not already tested in
practice. Such types of applications are detaitefbbows.

Identification of technological innovations androduction of new technologies

Generally identification or introduction of technglcal innovations in conventional production is
originated by working experiences, technical infation and scientific knowledge concerning
specific technological operations carried out. Tinedel offers a rational and systematic approach
to such work considering the entire structure deehnology and intranalities and externalities
influencing the prospected changes in the techiyoldgo studies of this type have been carried
out for example in the frame of a cooperation ofE3\Nih the sector of taps & valves production and
one in the sector of metallic household produc{idanomi A. Castellero A. Ricchiardi G. 2008).
The basic work concerns an elaboration of the djpe@ structure of the technology to be
innovated with a suitable detail confronted withabes suggested by information coming from
internal or external experience, technical andrgifie literature, normally done through data bank
interrogations and discussion with experts involireduch innovation. Patent intelligence studies
are also useful to identify already patented intiona giving useful suggestions for the innovation
process. Such type of preliminary study is raregelby SMEs that are accustomed to do learning



by doing innovation by a direct experimentatiortlod innovative ideas in the frame of the current
state of the art of their technology. However, rs@pproach is not efficient in the case of
development of new radical technologies. Such syatie approach by using the model has been
shown useful when establishing R&D projects in tsigr cooperative research activities among
firms with similar technological problems. Anothpossible use of the model concerns the
introduction of new technologies, actually new teabgical operations, in conventional
productions. That is done confronting both new eoidventional technology operations in order to
identify potential innovating changes. An examplkesoch study has been made considering
introduction of nanotechnologies in conventionabduction of tap & valves and in metallic
households and that has resulted in finding fouemttal innovating fields in both conventional
technologies (Bonomi A. 2011b).

Organizing of cooperative studies and R&D projects

Cooperation among SMEs is an important factor amelogical innovation in such type of firms
as it is a valid approach to solve many difficidtibat SMEs have in doing R&D projects such as
financial or human resources and competences aildaylgBonomi A. Marenco P. 2006, Bonomi
A. Rolfo S. 2012 Such cooperation is particularly effective wheviEs belong to the same sector
of production as in the case of industrial districtThe generation of efficient and continuous
cooperation among SMEs in the field of technolodginaovation is a tricky operation requiring
specific figures able to catalyze, organize andntas cooperation as well as an effective
generative relationship for the emersion of valmbpmerative studies, projects and structures
(Bonomi A. 2011a). Such generative relations ase ahportant when carrying out identification
and introduction of new technologies as discusseviqusly. Technology innovation requires
various competences not necessarily present inghesSME but often distributed among various
independent firms and laboratories. This fact malexsessary the search of partners that cover all
the necessary competences for a project as raglijiran analysis of the technological operations
structure and its changes. This is also valid &mfigal innovations in which innovative results of
new competences should be confronted to conventibmawledge in order to have a good
assessment of validity of new ideas substitutingveational ones.

Patent intelligence and competitiveness of SMEs

A patent is a legal document containing a technilescription protecting an invention and it is
basically written following rules that are quitdfdrent from those used for technical and scieantifi
documents. For these reasons study of patentsrescuispecific approach. From the point of view
of the model patent claims and examples delimitateegion of the technological space and
landscape in which the patent protects the invant®enerally values and choices given are
indicated with a large range avoiding the disclesaf optimal conditions used to operate the
invention, but also to cover other possible opti@iditions that might exist in the technological
landscape of the invention or in landscapes oflambéchnologies. Certain patents cover invention
of artifacts that may be better described by thedehan term of components than in term of
technological operations. Beside the normal setralerify patentability of an invention, there are
also useful studies, called patent intelligencepung interesting information for the development
of a technology innovation. Such studies may @etflme historical development of a technology
and its geographical distribution, and delimitagions of the landscape that are protected but also
others that are free and generating useful ideasiday inventions and suggestions about R&D
working programs. Generally SMEs do not carry atept intelligence study but only verifications
for patentability of an invention. In many case SVIi#o not even patent potential inventions
protecting simply by secrecy their equipments amdvk how. Cost of patents delivery and
protection may be too expensive for a SME considethe limited potential use of the possible
patent. Further, effects of intranalities may lsoan obstacle to use an invention. This is a &pic
case observed in industrial districts where pradacbperations are distributed among various



independent firms. Some times an innovation consdléy a firm requires for its use changes or
new investments in other operations that in faetaarried out by independent suppliers that for
various reasons may be not interested to do. Theecpuence is a loss of interest to develop and
patent such innovation. The description of patemtserm of protected regions of technological
landscapes arises some interesting implicationsezamg competitiveness of firms. Generally a
patent includes examples and claims concerningjusit a single technology with a specific
structure of operations but an ensemble of sinidahnologies with the same application purposes.
When new technologies of such group are, as frabyudrappens in the case of SMEs, only
incremental, the patent covers limited regionshef $pace of technologies. Other regions are held
by patents of current technologies and other onag be open to new patentable technologies.
Similar technologies with only few differences imetoperation structures have probably similar
landscapes that are normally characterized by diggfeuctures containing many peaks of
efficiency of similar value. That means that whefiram owns a patent covering an incremental
innovation, not necessarily the protected regioduhes all possible technologies potentially
competitive. By consequence a competitor with imgdompetences may find relatively easily
other optimal positions in the landscapes not gtetk by the original patent eliminating the
temporary gap of competitiveness generated by teeiqus patent. This type of compensation of
competitiveness may occur repeatedly entering iatuths called a red queen regime, term used for
similar situations existing for competition in lgical ecosystems. Such regime is characterized by
a continuous evolution of technology but little ngas in firm competitiveness as it is observed
frequently in industrial districts. An effectivedreasing of competition in such regime is possible
only by reaching higher speed of innovation to essucontinuous higher level of competitiveness
in respect to firms with lower innovation speeds,ewen by introduction of radical innovations
requiring new competences not easily availableitgptb exclusion of other firms from the new
obtained markets. On the other side firms that dbmake innovations or make it at a too low
speed are fatally destined in a red queen regirdedbne and extinction.

Other applications of the model

There are other possible applications of the maakd in fact had been never tested but that are
enough interesting to be cited. The first one came¢he problem of closure of a large industry in a
territory with consequent generated unemploymedtaher unfavorable economic consequences.
Such situation is frequently observed especialliemtories with an old industrial history (Garnie

J. 2008). Sometime spontaneously unemployment giasena certain number of SMEs that use
competences existing in the disappearing industriesleveloping a suitable diversification of
activities, but in other cases unemployment remaimd competences inherited by disappearing
industries are lost. It would be interesting irstbase to study the problem in term of competences
associated with technology operations existinghi@ disappearing industry in order to identify
potential activities for generation of SMEs asstatato a suitable diversification. Another case
concerns large industry existing in a territorytthabcontract work often far outside this territdty
would be of interest for the territory to find adties that could be advantageously subcontracyed b
SMEs existing or being generated nearby such inglugith even a possible increase of the
subcontracting activity. Also such study may beeda®n an analysis of the technological
operations made by the large industry.

5. PROMOTION OF TECHNOLOGY INNOVATION IN SMEs

Promotion of technology innovation in SMEs is arpartant cause of concern and it is carried out
mainly by public aid to innovative projects, alsvdring cooperation among SMEs, universities
and research laboratories. However observing acesallts of such aids it might be raised some
doubts about their efficiency about the way they ganerally supplied. The first critic concerns the



suitability of aids in relation with the variousgges composing the technology innovation process.
The second one concerns the efficiency of pubhiarfting and the diffused credence that results
are in a certain way proportional to the availdiriancial supports.

In order to discuss the optimal phase of technoiaggvation development in which the aids may
be more effective it is necessary to give a desonpof such phases as normally are observed in
technology development, especially in the casambvations having a certain radical character and
good competitiveness. We can consider for suchldprneents the existence of three major phases.
The first one concerns feasibility studies in whadntinuation of projects is essentially depending
on technical and scientific factors, followed bysacond phase of development in which
continuation of projects is mainly controlled bycemeconomic factors linked to production costs,
performances and market acceptance, and finallypa@umstrialization phase in which success of a
new technology depend on industrial and markebfact Generally thousands of starting feasibility
projects are necessary to obtain, after the vaphases of selections, a few number of successful
new technologies. Of course it is not possible ekenstatistical studies that are able to follow a
very high number of initial projects for a certamamber of years until their industrialization.
However practical experience and indirect indiaatiérom certain studies support the existence of
a strong selection in R&D project developments. tdg (Scherer F.M., D. Haroff, 20pP0
concerning 1000 German patents conserved validtftgast 10 years has shown that only about 5
percent have been a great success and only aboperzént can be considered economically
profitable. Now such ensemble of patents may besidened associated to a high number of
abandoned patents for lacking of interest or bgafof litigations as well as a high number of R&D
projects abandoned without making patent applioatidt is evident that all these considerations are
a strong support of the existence of a very higgreke of selection. The situation may be
represented indicatively on Fig. 3 where the Idgaric number of remaining projects, after an
initial high number starting ones, is given as action of time (years) for the mentioned three
phases of development. It may be noted that themiags of projects is not in feasibility or
industrializing phases but in the intermediate phaisdevelopment controlled by socio-economic
factors. From the economic point of view a projadhis phase is faced to a great increase of costs
and limited reduction of uncertainty about its sgscand such phase has been called the Death
Valley of R&D projects (Branscomb L. Morse K. RotseM. Boville D. 2000). On the other side
there are often available public aids for the indakzation phase with doubtful results although i

is well recognized that this phase should be éaffelst supported by industrial and financial capital
Typical public aids to R&D are mostly concentratad final feasibility phase and beginning of
development phase (precompetitive projects) and faat is questionable in term of efficiency. On
the other side cost of feasibility phase projestiow and for such phase there are no reasons to be
easily financed by industry and even by SMEs dedpié high uncertainty existing for projects in
this phase. The real need of public aid, especimlythe case of SMEs, is actually in the
development phase where high uncertainty is accomgaby relatively high financial needs.
About the feasibility phase it might be consideaedther type of aid particularly interesting in the
case of SMEs carrying out R&D essentially by caorttneesearch. Presently public aid is often
offered only in the case of existence of an agregretween SMEs and a research laboratories to
carry out a project. In fact it would be more efiee if aids would be available directly to resdarc
laboratories dedicated to industrial innovationd anmeasure to make prefeasibility studies that
may raise a real interest in SMEs promoting alsssjite cooperation among SMEs about the
project. Such laboratories may be made availabd® d&ly encouragement of spin off from
universities for such purpose.

Concerning another limiting aspect of efficiency fublic financial support to R&D that will be
better understood using a simple model simulatimgR&D activities in a territory based on the
combinatory nature of technologies and scientifiowledge available (Bonomi.&Z010). Such
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model has been inspired by previous schematic septations of the R&D activity (Dumbleton
J.H. 1986)A schematic view of the model is represented in Eigrhe R&D activity is the result

of R&D projects proposals that meet adequate fimgnby industry and public aid. The R&D
activity generates essentially information on stddioperations for new technologies. Such
information is of two types. The first one is calgtial and includes reports, samples, prototypes,
etc. that are used by the industrial and finansidtem to eventually industrialize the new
technology and generate margins that may be pastg to finance further R&D activity possibly
integrated by public aids. The second one is pulalid concerns publications, patents,
presentations, etc. that may be used to generateR&D project proposals in the territory. New
projects proposals are the results of a combingtavgess of information generated by past R&D
projects with added scientific and external tecahinformation (Arthur B. 2009, Fleming L.
Sorensen O. 2004). For calculations each R&D ptdjas been considered a source of a certain
number of packages of information available for boratory purposes independently of the fact
that such packages are resulting from successfjeqis or not. The calculated number of
combinations is increased of a certain percentagake account of intake of scientific and external
technical information. Each combination is a pasnproposal for a new R&D project and the
percentage of combinations that become finallyrfoeal R&D projects is considered a measure of
the efficiency of the techno-scientific system bé tterritory. The R&D activity of the model
proceeds by periodic cycles of execution of R&Djgets, generation of packages of information
and selection of financeable new projects. A fadiffgct of packages originated in past cycles is
considered in calculation of available combinatidos R&D project proposals. Starting with an
initial number of R&D projects possibly financed aypublic aid in a territory, the availability of
further valid financeable R&D projects in a secaydle is resulting from the number of generated
packages of information and by efficiency of theht®-scientific system of the territory.
Depending on such efficiency, it is possible tinat mumber of generated valid projects for a second
cycle would be inferior to the initial number oh&inced projects and the system will reduce to near
zero future available projects after a certain neimds cycles. In fact it is important that the gyst

will be able to generate a higher number of R&Djgrts than the initial one in order to be in
measure to generate, at least after a certain nuohlogcles, some successful new technologies for
the territory, otherwise the system is condemned technological decline with its consequences.
Only when the number of initial projects and teciseeentific efficiency are above certain critical
values there are conditions of technological dgwalent. This situation is represented in Fig. 5 in
which the curve indicates the critical number afiah R&D projects able to generate at least one
successful industrial application as a functionhef efficiency of the techno-scientific system foé t
territory. For the calculation of such curve it Hasen assumed in this case that every project
generates an average of three information packaggéshe number of calculated combinations is
increased of ten percent to take account of supgdastientific and external technical information.
The fading effect on packages of past cycles has bensidered 50 percent. The area below that
curve indicates couples of values of number of gotsj and efficiency unable to generate
technological development and area above such cuwuples of values able to generate such
development. In order to make calculation for tlweve it is necessary to know statistical data
indicating the rate of success of R&D projects ifodustrialization and the rate of success of
industrialized projects in term of profitable retwf investments. In fact such type of statistataia

are not available, however study on profitabilifypatents and practical experience may give an
order of magnitude of such parameters. In the ptedecase of Fig. 5 it has been considered a rate
of success of one percent for industrializationR&D projects and a rate of 20 percent for
profitable success of industrialized new techn@sgiConcluding the model shows that simple
financing of R&D projects in a territory could beghly ineffective if there is a weak techno-
scientific system, and financing should be moredaibe if it is used to strengthen this system
before supporting R&D projects.
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6. CONCLUSION

Concluding the model of technology innovation desad in this paper has the advantage to present
R&D and learning by doing as part of a same typeroicess of change of technology in the
development of innovations. Such view is of greatrest considering that technology innovation
in SMEs making conventional products is generalbnal by learning by doing without real
important experience in R&D despite of interestuim to this activity to generate more radical and
competitive innovations. In SMEs the R&D is commpowghrried out by contract research with
external laboratories and for an effective exptmta of results it is necessary to obtain a
convergence between views and experiences of SM&ghese of external laboratories carrying
out the research. Such convergence may be helpagsibg various aspects of the model that
integrate from the same point of view R&D and |l&agrby doing. Essentially the use of the model
is based on structuring a technology in term ohmetogical operations or components of an
artifact. Such mode of approach to technology rmgeof operations is not new and it is currently
used, however the model offers a systematic andnedt method for such work supplying
definitions and concepts that may be useful for emegal view of the innovation process.
Technology innovation is seen as a change in ttrisctsire and parameter values used for
operations taking account of intranality effectsuléng by proposed modification of technology.
Furthermore the model indicates the numerous fadtdluencing the efficiency of a technology
and constituting its externality.

Applications concern identification of the mostargsting R&D projects and introduction of new
technologies in SMEs products and productions dsaserganization of effective cooperation and
patent intelligence studies. About promotion ohteaogical innovation in SMEs it is stressed the
existence for R&D of three phases in its developnmemhich various factors control the selection
of the various projects. A simple model of R&D aityi based on combinatory nature of
technological innovation shows that technologicavelopment of SMEs in a territory depends
more on the presence of an efficient technical sridntific system than in the availability of
financing and public aids to R&D. The promotionte€hnological innovation in SMEs would be
more effective in helping private laboratories pmsoff from universities dedicated to R&D for
industry to make prefeasibility studies on new tesbgies, promoting cooperation and searching
interested firms for such developments, insteafinaincing directly predefined projects by single
SMEs and research laboratories. On the other sidadial help to SMEs is specially needed in the
intermediate phases of development of an innovatiom “death valley” of R&D projects, more
than in the case of feasibility studies.



APPENDIX

MATHEMATICAL ASPECTS OF THE MODEL

1. MODEL OF TECHNOLOGY

A technology may be considered a structured ensepfltiechnological operations. For example, a
technology such as heat treatment may consistdysimfhree technological operations of heating,
maintaining in temperature and cooling in sequenitie time. More complex technologies may not
simply consist in a sequence of operations but they have also operations in parallel. Each
operation may be characterized by a certain numihbi@structions or parameters assuming a certain
number of values or choices in a certain rangeldhle 1 there are reported some examples of
operations and corresponding instructions.

Table 1. Examples of technological operations andstructions

OPERATIONS \ INSTRUCTIONS
Heating Reaching emperature
Maintaining at a certain temperature Time
Cooling Velocity of cooling
Transportation Speed
Moving Distance of displacement
Drilling Depth of penetration
Charge an electrical capacitor Values of electrical capacity
Use an electrical resistance Values of electrical resistance
Compression Pressure
Mixing Chemical composition
Dissolution Concentration

Considering now a technology characterized by ®smimposed by N operationswe have:
O={o0,i=1,..,N (1)
Each operation;as characterised by a ddt of M; specific instructions;p
Mi={pj,i=1,.,N;j=1,... M (2

In which g represents the jth instruction associated withittheperation p The total number P of
instructions characterising a technology is given b

N

P=2M (3)
=1i

The instruction pmay assume a s§f of different values or choicegs

Si={sk, 1=1,...N;j=1,....,M; k=1, ..., 8 (4)



In which § indicates the cardinality of the st

The N operations cannot be considered simply asan fact they have normally a specific time
sequence. Operations can be represented by a gomstituted by nodes, corresponding to the
events of starting and/or ending of operations, aed oriented with time, representing the various
operations of a technology. This representatiomnalogous to what is described in the PERT
method used for project management. In this casestlents constituted by nodes are connected
through oriented arcs constituting the tasks of pheject. Indicating a€ the set of events
determining the start or/and ending of the openatiand as previously witlb the set of the
operations we can build up a graptihat we can call graph of the operations of dohimology:

r=E0O (9

In which E represents nodes aflthe oriented arcs of the graph. Differently frome tmodel of
Auerswald, Kauffman, Lobo and Shell (1998), in auodel we take into account that each
operation can be associated to more than one atisinuas in equation (2). For example, an
operation such as heating can be associated tastmdtion as the final temperature but also to a
specific velocity of heating. Being from equatidr) N the number of operations and from equation
(3) P the total number of instructions we have:

P=N (6)

In which N = P when each operation is charactergednly one instruction.

1.2. Technological recipes and technological space

Considering a specific technology with a set of PNemtions corresponding to a total of P
instructions, we can define as technological rethgespecific configuratiow obtained attributing
a specific value or choice to each of the P insimns. The sef? of all the possible configurations
of a technology is given by:

Q=51%S2% ... X Sm X ... x Sy (7)

In other terms we have:
N M

Q={w,1=1,.. M1 Tls} 8

i=1j=1
The number of configuration® | will be given by:

N M;

121=T1 15 ()

i=1 j=1
Should be $=S,i=1, ..., Nandj=1, ..., Mve have:

|2|=S (10)



We may note that the number of configurations wae&ponentially along with the number of
values or choices for the instructions and evem &ismall number of instructions the number of
technological recipes remains very high.

In order to better explain the previous equatioesmay illustrate a simple example considering arnetogy with the
number of operations N = 2 and then:

o= {01 s 02}
Should for example operation a heating and operation a cooling we have:

M1 = {p11, pi2}

Where the operation of heating is associated to=M instructions such agjpas the final temperature ang ps the
velocity of heating. At the same for the operatigiof cooling we may have:

Mz = {p21}

Corresponding to a free cooling to a final temp@etindicated by instruction,p Now considering there are two
possible heating temperatures and only one valwelotity of heating we have:

St ={s111, Szt ; Su1=2
S2={s121} ; S12=1
At the same time should be two the final coolinpperatures we have:
Si1={sa11, 912 ; Su1=2
The number of configurations present in the s& will be four:
9] = S91.5,51=2.1.2=4

These configurations or technological recipes naydpresented as:

01 = (311 Si21 S11)
02 = (11 S121 919
03 = (S112 Si121 $19)
04 = (S112 S121 919

We may also define a Hamming distance d among dogpeas as the minimum number of
substitutions to be made to transform a recdpeto w'. This operation is symmetric and we have:

d(w w)=d (W, w (8)

In the same manner we may define theMNgebdf neighboursf a recipes w [0 Q2 defined as the
number of configuratione' existing at distancé from w as follows:

Na(w) = {w U 2]d(w w) =20} (9)

The space in which it is possible to representhadl technological recipes through the reciprocal
Hamming distance can be called technological spHee.dimensionality of this space is given by
number of neighbour§Ns| for distanced = 1. Considering that each of the P instructions i
characterised by;Svalues or choices the dimensionality of the tecbgiclal space will be:



NV;

INs=1] =2 2 (S;-1) (10)
i=1j=1

Should the instructions have all the same numbef \&lues or choices the dimensionality of the
technological space will become:

IN&=1| = (S — 1)P (11)

In this case the geometrical representation oftdolinological space becomes a hypercube of
dimension |Na=1|.

1.3. Efficiency of technologies and technology landscape

Technology efficiency is a complex concept thadiificult to define quantitatively in univocal
terms. Technology efficiency can be measured quzively only defining one of its specific
aspects. For example one of the most importantstygfetechnology efficiency is related to
economy efficiency that can be measured as thesavef unitary cost of production, but it is
possible to consider many other types of measurtdtanology efficiencies such as energy
efficiency, accuracy, chemical purity, amount ofdl pollutants for environmental efficiency.
The relations existing among the various types fG€iency are important and that is true in
particular between economic and technical effidemcsuch as energy efficiency, accuracy,
chemical purity, etc. It is evident that the efficcy of a technology depends on the considered
technological recipe. Certain recipes may havetpalty zero efficiency but other recipes may
have high efficiency and constitute an optimum.phsviously reported by Kauffmam, Lobo and
Macready (1998), associating to all recipes oftdahnological space the corresponding value of
efficiency we obtain the mapping of this space.idating with ® the corresponding value of
efficiency to a specific recip® of set2 we have:

0:wdR>R (14

This mapped space has the nature of a fithessdapdsand it is called technology landscape and it
depends on the specific structure of operationsmstdictions constituting a technology. Exploring
a technological landscape we will find regions widtipes with nearly zero efficiency and other
regions with recipes with high values up to optimuaues of efficiency.

The efficiency of a specific recipe is in generéliaction of the efficiency of the various operato
constituting the technology. Moreover the efficigiod an operation may be a function of the values
or choices made for the instructions characterddtithe operation but possibly also by instructions
of other operations existing in the recipe. In mwdel we consider convenient to define operation
efficiency or inefficiency in such a manner thate tsum of single operation efficiency or
inefficiency constitutes respectively the globdiaéncy or inefficiency of the recipe. Considering
for example the efficiency;, of operation p it will depend on values or choiceg f its
instructions p but possibly, also on values or choices of instons of other operations,d # .
The total efficiency®(w) of the technology with configuratiacomposed by N operations will be
given by:

N
@ (w) =2 6 (0, 0) (15)
1



This manner to calculate total efficiency of a pecias sum of efficiency values of a single
operation is easy made in the case of technicati&fty such as energy, purity, pollution
abatement, etc. It should be noted that technitiaiency of operations may also be negative. For
example in energy efficiency of a technology we Idohave only positive efficiency in one
operation producing energy and negative energgieffcy in the other operations corresponding to
self-consumptions as in the case existing in amggnproduction plant. However, considering
economic efficiency of operations, it is more cameat to calculate cost (inefficiency) of the
various operations so that the economic efficieoicg recipe may be calculated as the inverse of
the sum of the cost of the operations represenitinigct the total cost of the recipe. Considefimy
example the cost (inefficiency) of operation g it will depend on values or choiceg ®f its
instructions p but possibly also on values or choices of insioust of other operations,d #i. The
total economic efficienc®(w) of the technology with configuratios composed by N operations
will be given by:

N

ow=1/Zc(,o0) (16)
i=1

And the total cost C of the recipe:

N

Clw=2c(0,0) (17)
i=1

It should be noted that Kauffman, Lobo and Macre@®89) in their technology model adopt a
different definition of efficiency of a recipe awemage of the sum of efficiency of the single
operations according their use of an NK model.

1.4. Family of technologies and space of techngles

Technological space is useful to describe a sitgbdbnology with defined operations structure
representing all the configurations or recipes that technology can assume following its model.
When discussing of various technologies, for examgiudying technological competition and
evolution, it may be useful to have a representasipace of technologies. This representation can
be obtained considering a family of technologiele ab fulfil a same specific human purpose. In
order to describe a space of a family of techn@edfi is necessary to define a distance among the
various technologies taken in consideration. Teldgies cannot be described by a simple
combination of operations because they also hawmezoriented structure that can be represented
in a graph. Because of the fact that there isiet torrelation between graphs and matrices, each
technology may have its own matrix representatibhat leads to define distances among
technologies in terms of distances among matrices.

Let us consider a set (family) of technologiesvolved to fulfil a human purpose, for example
writing, transportation, etc. Each technology beglag toT is characterised by M operations chosen
from a setO of N different operations. It means that the saperations may be in certain cases
repeated in the graph structure of a technologyithErmore, some of the N operations can be also
performed “in parallel” i.e. at the same time. Bverchnologyt O T can be, hence, associated with
a M x N matrix T whose elements;, tan assume either the value 1 or 0. More preagisgl= 1 if

the jth operations is present in the M positiontles graph g related tg otherwise § = 0. At this



point it is possible to establish a Hamming diseabetween any pair of technologeandt in T
as the “difference” between their matrices T and T’

M N

der)=2 3 |[rmi| a2

i=1 j=1

By knowing all distances among the technologietheffamily T we may build up, as in the case of
technological recipes, a space that we could ngraeesof technologies. Furthermore, it is possible
to define a sells of neighbouring technologies of the 3ahat are at the distandeas

Ns(D)={T OT|d(1, T)=d0} (13)

The number of all the technologi@spresent in a given family is not univocally determined
because it depends both on the type and on thallgircompatibility of the N operations. If, for
instance, none of the N operations could be peddriat the same time as another on@®jrthe
cardinality of T would be simply given by Nl

In such defined space of technologies the Hammisiguace between two technologies defines the
degree of radicality characterizing the differermdween the two technologies. In other words
technologies that are at a short Hamming distarag lme considered, in the time sequence of their
entering in use, as evolutive or incremental intions while technologies that are at a long

distance in this space may be considered as dmstadical innovations using the definitions of

innovation proposed by previous authors such asddehnd Winter (1977) and Dosi (1982). The

path in this space that starts form an initial tedbgy and continues through incremental and
eventually radical technologies is a representasidhe evolution of the initial technology.

1.5. Technology dynamics and intranality and extaality of a technology

In the previous paragraph we have seen that affigi®f an operation may be influenced not only
by specific instructions of the operation but algoinstruction of other operations of the recipe.
This fact is defined as intranality of a technolo§ych interaction has been already considered in
technology landscapes by Auerswald, Kauffman, Labd Shell (1998) and Kauffman, Lobo and
Macready (1998) and studied using a NK model adranttions. However in our model, differently
of model described by Auerswald, Kauffman, Lobo &tll, we consider the possibility to have
more than one instruction for each operation andnadtudying intranality in our model we should
make reference to a generalised NK model as deeélbp Altenberg (1996).

Operations efficiency as well as technology efficig can be also influenced by external factors or
variables that constitute the externality of thehteology and that should be taken account in our
model. External variables may be constituted foenggle by raw materials characteristics,
differences in type or composition of used produgtsious requirements in quality or types of
certifications that production should satisfy, éts.it has been previously done in the case ofeslu
or choices for instructions we may take in constiens various parameters for external variables
forming specific external configurations in whidkettechnology should operate. Consider thé&/set
composed by B external variablgs v

V={v,i=1,..,B (18)

Each external variablg is characterised by a dtof R specific parameters:



R={q,i=1.,B;j=1,..,8 (19)

In which g represents the jth parameter associated with tthexternal variable ;v The total
number Q of parameters characterising an exteynsaldgiven by:

B

Q=2 R (20)

=1i
The parametergmay assume a sk of values or choices :
Fi ={fix,1=1,...,B;j=1,.... Rk=1, ..., F} (21)
In which F indicates the cardinality of the d&t

Considering a specific externality with a set of@iables corresponding to a total of Q parameters,
we can define as specific externality the speabafigurationy obtained attributing a specific
value or choice to each of the Q parameters. The & all the possible configurations of an
externality is given by:

I'=FuuxFpox ... xXFRriX..XFgrs (22)

In other terms we have:
B R

r={yl=1..I1TTIF @3

i=1j=1
The number of configurations | will be given by:

BR
ri=MNTF @9

i=1j=1
Should be f=F,i=1, ...,Betj=1, ..., Rve have:
Ir|=F (25)

We may note that the number of configurations aémnal variables also corresponds to the number
of technology landscapes existing for the technplogerating under the influence of a defined
configuration of external variables. Finally itilsportant to consider the value G resulting by:

G=|Ir1 2| (26)

In which| 2| represents the number of possible recipes existiagtechnology landscape ajd |
the number of externality configurations generdigeexternal variables. Then G represents all the
possible global configurations of a technology thaltes into account both of the number of
possible recipes and of the number of configuratioh external variables that influence the
efficiency of technology. We may easily represéat intranality and externality of a technology by
building up a matrix constituted by columns repntisg all the operations;0i=1 to N of a
technology and rows representing all the instrustigy. i = 1, ..., N and j =1, ..., M of the



technology and all considered external parametgrisl, .., B and j = 1, ..., Rthen assuming for
each position a value of 1 whether influence ofgpecific instruction or external variable on the
efficiency of the specific operation exists or Qetvise:

This matrix corresponds to a simplified adjacentrinaof a tri-parted graph constituted by the
subset of instructions, the subset of externalrpatars and the subset of operations with arcs that
are oriented exclusively from instructions and mxdé parameters nodes to operations nodes. This
graph represents the global interactions existorgaf technology. Graph may appear completely
connected or in form of clusters playing an impotrtale in modelling a technology and designing
exploration of correspondent technology landscapes.

1.6. Technology innovation

It is quite common to consider research & develapnaetivities (R&D) in technology innovation
in term of research phases consisting in basiaitateresearch generating new ideas for technology
innovation, followed by applied research, normadlly a laboratory stage, and, in the case of
successful results in an industrial developmengestaormally working on pilot plants or testing
prototypes that finally make the innovation poss#alitable for industrial application. This view of
research & development and technology innovatic lbeen proposed by OCDE (Freeman 1974)
and is generally accepted but its linear descmptd the process is a quite simplified way to
consider the complex process of R&D. Furthermohe, tole of scientific contributions is not
limited to the initial phase of the process butthe reality these contributions may exist at any
phase of the development of the innovation. Finakyshould consider that R&D activities are not
alone in the process of technology innovation batriing by doing and adaptation of other existing
technologies may play an important role in the pssc

Our model suggests a completely different apprdaatxplain the technology innovation process
using concepts such as the space of technologeethartechnology landscape. In fact the activity
of development of an innovation may be considere@xploration of a space of technologies and
technology landscape to the research for optimalditions to establish and operate the new
technology. The innovation process may be consiteranly composed by two types of activities:

at the beginning research & development consiginegalently in exploration of technology space

to the search for optimal operations structureofedd by learning by doing on the industrial

application consisting prevalently in searching &mtimal instructions in the landscape of the
technology. In fact in this approach both R&D aedrhing by doing activities are parts of the same
model and may be seen from a common point of viewhis way technology assume a dynamic in
its process of innovation starting from researcliléelopment to the industrialisation phase and
continuing through the learning by doing activitgreg the entire life of a technology until reaching

an obsolete stage in which the technology is abaedin favour of more efficient technologies.



2. APPLICATION OF THE MODEL

In the tap & valve industry there is a problem @ming the contamination of drinking water by
lead contained in the brass alloys used to make&agalve. In order to comply with environmental
norms it is necessary to eliminate lead from thefase of brass using a specific leaching
technology. On the other side there is the probieroptimize the conditions of the treatment in
order to decrease the cost but at the same timeatimplying of norm specifications. Such work
requires a great number of experiments to ideniié/values of parameters of the technology that
can satisfy such requirements as a function of scqstonomical efficiency) and reached
decontamination levels (environmental efficiendysing the fitness landscape of the technology
and its intranality and externality aspects, thedel@llows the establishment of an effective plan
that minimizes the number of experiments that &eessary to identify the optimal conditions of
treatment.

2.1. Modeling of RUVECO® technology

RUVECO® technology is one of the used technologpesliminate lead from the surface of brass
(Bonomi A. Carrera S. Franzosi G. 2001) and cosgi$tthree main technological operations in
sequence in three different treatment baths astexpm Fig. 6 and indicated as follows:

Operation A: degreasing of parts by a suitable agen

Operation B: selective elimination of lead fromfage of pieces parts by suitable agent

Operation C: neutralisation by sweeping off resldizdh from the parts

In the Table 3 we have reported the various constdmstructions related to the three operations of
the technology

Table 3. Operations and instructions implied by RUVECO@hteology

| Operations | Instructions | Instruction symbol |
Degreasing Temperature A-1
Time A-2
Degreasing agent concentration A-3
De-leading Temperature B-4
Time B-5
De-leading agent concentratior B-6
Bath stirring B-7
Positioning of components B-8
Neutralization Time C-9

In Table 4 we have reported the selected valuesirfsiructions implied in the operations
calculating s as the number of values or choicesdah instruction:



— Temperatur
DEGREASING ,
—— Time
<«—  Degreasing agent
concentration
\ 4
— Temperatur
————— Time
DE-LEADING De-leading agent

A

concentration

<— Bath stirring

<«—  Positioning of
components

NEUTRALIZATION |«—— Time

Fig. 6. Schematic view of RUVECO® technological @gpations and instructions



Table 4.Number s of values or choices for instructions

Instruction

| Values or choices

S
A-1 2 temperatures (40° and 50°C) 2
A-2 2 times (5 and 10 minutes) 2
A-3 2 degreasing agent concentrations (high and low) 2
B-4 2 temperatures (40° and 50°C) 2
B-5 5 times (5, 10, 15, 20, 30 minutes) 5
B-6 2 de-leading agent concentrations (high and low) 2
B-7 2 levels of bath stirring (strong and medium) 2
B-8 2 possible positioning of components 2
C-9 2 duration of neutralisation (long and short) 2

The number of recipes of the technological spaceesponding to the chosen range of instructions

may be easily calculated using equation (9) reparte€Chapter 1 of this appendix:

It is also interesting to consider the intranabfythe technology that is represented in Table 5 in

| Q | = 2%2%2%2%5%2*2%2%2 = 285 = 1280 (1)

which the existing interactions between instrudiand operations are indicated by a cross.

Table 5. Intranality of RUVECO® technology

Instruction

Operations

Degreasing (A) Deleading (B)

Neutralisation (C

A-1

A-2

X
X
X

A-3

B-1

B-2

B-3

B4

B-5

B-6

B-7

B-8

XXX XXX XXX | XX | X

C-9

S XXX XXX X | X | X[ X

In addition we should also consider some importxiernalities of the technology that may be
composed by four external variables, each chaiaetem our case by only one parameter that may

influence the process:

Variable V-1: Brass composition

Variable V-2: Fabrication (wrought or cast compajen

Variable V-3: Form of the component

Variable V-4: Certification (maximum allowed leadrntamination)




Choices made for external variables are reportetable 6 indicating with f the number of values
or choices.

Table 6. Values or choices of external variables

| External variable | Values or choices | f
V-1 3 alloy compositions 3
V-2 2 types of fabrications (wrought or cast component) 2
V-3 2 types of geometry (simple or complex) 2
V-4 2 types of certifications (easy or difficult) 2

The number of externalities configurations may lasilg calculated by use of equation (24)
reported in Chapter 1 of this appendix and dafBatie 6:

| 7] =3*2*2*2 =24 (2)
There are 24 externality configurations correspogdio 24 possible technological landscape
configurations for each type of efficiency undensderation. The various external configurations

will also influence efficiency of operation and ghexternality is represented in Table 7 by
indicating the existence of an interaction by asro

Table 7. Externality of RUVECO® technology

External variable Operations
Degreasing (A) Deleading (B) Neutralisation (C
V-1 X
V-2 X X
V-3 X X
V-4 X

Adopting such model of technology it is possibleaiculate the total number of positions existing
in the 24 possible technological landscape condiioins by using equation (26) of Chapter 1 of
this appendix and values of equations (1) and (2):

G =|Q*|I"| = 1280*24 = 30720 (3)

That gives a total of 30720 measurements of effoyeto take account of all 24 configurations of
the technological landscape.

2.2. Simplification of the model

We have seen previously that complete charactensaf the 12 technological landscape needs a
very high number of efficiency measurements. Thismber can be reduced by introducing some
reasonable simplifications in the model. These &ffogtions should take account of parameters
and interactions that might have a limited or rgigle influence on the efficiency of the technology
from the scientific or technical point of view. this way we make a sort of mapping of the
landscape isolating a limited region that couldgaitaly contain the optimal working conditions and
be characterized by a much lower number of postiém the case of RUVECO® technology we



may consider that efficiency of degreasing and naéisation operations are essentially dependent
only on time using standard temperature and coratgorts of the agents. On the other side the
efficiency of the de-leading operations may be &$3ky dependent on temperature, time and de-
leading agent concentrations neglecting bath isgjrand system of positioning in the bath. Looking

to instructions of Table 4 and simplifying themcited previously, the number of recipes becomes:

| Q| = 2*2*2*2%5 = 25 = 80 (4)
Also external variables may be simplified not takim consideration geometry of the part and
testing only the most difficult certification foretermining the set of recipes complying with its

standard. Adopting these simplifications in vargblof Table 6 the number of external
configurations becomes:

|I'|=3*2=6 (5)

That means the total number of measurements toactesise the six configurations of the
technological landscape are:

G=|Q|*I'|=80% =480 (6)
Finally the intranality and externality of the teciogy may be described by integrating data of
Tables 5 and 7 and adopting the cited simplificetiorhe interactions obtained are reported by a

cross in Table 8.

Table 8 Intranality and externality of RUVECO® technologythe simplified model

Instruction/Variable Operations
Degreasing (A) De-leading (B) Neutralisation (C
A-2 X X
B-4 X X
B-5 X X
B-6 X X
C-9 X X
V-1 X
V-2 X

Concluding, following the simplified model the dgsi of experiments will consider the
measurement of de-leading efficiency of 80 recipes different external configurations for a total
of 480 measurement, and calculation of economiciefifcy (cost) of the 80 recipes. The obtained
de-leaded samples will be submitted to verificataintheir acceptability following the selected
certification determining the set of recipes compjywith this standard. Comparing the cost of
treatments of the set of complying recipes folheamnfiguration it will possible to choose the more
efficient recipe for each external configuratiomtthvill correspond to the recipe with the lowest
cost. The knowledge of optimal treatment recipesa &unction of the various characteristics of the
part that should be de-leaded, will determine bé#iaonditions for establishing a quality assurance
program in the use of the technology.
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