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Research problem: Risk management in unknown by generic technologies design

Despite!the!proven!interest!in!developing!GT!and!the!increasing!number!of!studies!that!demonstrate! their!value,!genericity!appears!mostly!as!a!result!of!an!exploration!or!as!an!evaluation!criterion.!Prior0 research0 mostly0 focuses0 on0 the0 challenges0 of0 dissemination0 and0 commercialization0 of0 GTs.!

However,0little0attention0has0been0paid0to0the0patterns0underlying0the0design0of0GTs.!!

To! the! best! of! our! knowledge,! there! are! no! methods! that! target! GTs'! design.! Given! the! benefits! genericity! creates,! is! it! possible! to! identify,! pilot! and! control! the! projects! that! lead! to! genericity! and!compare!strategies!of!double!unknown!management,!a!comparative!framework,!driven!on!risk! and!interdependency!management!literature,!is!formulated.!This!framework!structures!the!existing! risk! and! uncertainty! management! strategies! as! to:! 1)! strategies! that! deal! with! independent! alternatives! (such! as! risk! minimization! at! the! level! of! singular! project,! selectionism)! or! consider! interdependencies!between!alternatives;!2)!strategies!that!deal!with!known,!already!established!(i.e.! platform! commercialization)! or! still! unknown! interdependencies! 3)! strategies! that! deal! with! interdependencies! creation! through! their! emergence! (trial! and! learning)! or! design! (revealed! research!anomaly)! (Figure!8).!! When!uncertainties!are!low,!the!possible!alternatives!are!known!and!their!values!can!be!determined,! risk! minimization! at! the! level! of! singular! project! occurs! (S1! strategy).! S1& provides! methods! to! help! decision! makers! cope! with! uncertainties! (Chapman,! 1990,! Lipshitz! and! Strauss,! 1997).! These! methods! seek! to! find! favorable! technology! Ti& C! market! Mi! couples! from! the! list! of! predefined! candidates.!The!probability!of!success!of!S1&is!equivalent!to!the!probability!of!the!chosen!technologyC! market!couple:!! p(S 1 ) = max selecting! the! most! favorable! approach! (Lenfle,! 2011,! Loch! et! al.,! 2008[START_REF] Leonardcbarton | !Commercializing!technology:!imaginative!understanding!of!user!needs.! Engines!of!innovation[END_REF],! McGrath,! 2001,! Lenfle! and! Loch,! 2010).! In! this! case! the! aim! is! to! select! a! Ti,& Mi! couple! with! higher!probability!from!the!launched!set!of!trials!N:!! p(S 2 ) = 1-p(M 1 T 1 , M 2 T 2 ,..., M N T N ) i =1 n ∏ ! S1& and! S2& deal! with! projects! independently! (Table ! 2).! When! the! structure! of! interdependencies! is! known,! a! platform! strategy! (S3)! can! be! used.! For! instance,! in! the! case! of! modularization,! market! options! might! be! built! while! reusing! platform! core! (Baldwin! and! Clark,! 1997,! Baldwin! and! Clark,! 2006). ! Baldwin! and! Clark! (2006)! demonstrated! how! to! obtain! several! options! thanks! to! a! known! platform.! They! showed! that! total! economic! value! of! the! system! can! be! expressed! as! the! sum! of! a! minimal!system!value!V!(platform!core)!plus!the!incremental!value!Vi&added!by!the!performance!of! each! of! module:! V0! +! ΣVi& N .! Expected! value! of! the! system! is! the! aggregated! portfolio! profitability.! Platforms! represent! a! core! of! technological! system! and! have! to! be! interdependent! with! the! other! parts!of!the!system.!It!is!shown!that!to!have!a!platform!potential,!a!technology!or!a!product!needs!to! perform!a!function!that!is!essential!to!a!technological!system!and!solve!a!business!problem!for!many! firms!in!the!industry! (Gawer!and!Cusumano,!2008).!The!reuse!of!platform!core!permits!minimizing! risks!by!constructing!several!options!of!multiple!markets.!The!probability!of!S3!success!is!defined!by! the!probability!of!success!of!all!the!market!modules!Mi&that!were!made!accessible&by!the!platform!T0:!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 3 !
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
p (S 3 ) = 1-(1-p M 1 T 1 |T 0 )(1-p M 2 T 2 |T 0 )...(1-p M N T N |T 0 ) ,!
!where!N!is!the!number!of!market!options.!In!S3!the!platform!is!given.!There!is!a!possibility!to!choose! from! different! available! platforms! k! and! the! goal! is! to! identify! a! T0! that! maximizes! system! value! through! interdependencies! construction! between! platform! and! market! options.! The! platform! with! higher! probability! is! chosen: p(T 0 ) = max

k =1 n T k .! S3& is! not! usually! related! to! risk! management!
techniques!but!it!gives!an!efficient!mechanism!to!reduce!uncertainty.!In!S3&the!reasoning!is!not!based! on!the!success!of!a!particular!"technology!-!market"!couple!but!on!a!technological!platform!capability! to!address!multiple!markets.!! With! respect! to! highly! uncertain! situations,! like! unforeseeable! uncertainties,! chaos! (Pich,! 2002),! S1& might!be!impossible!because!all!the!projects!are!too!risky.!One!still!might!hypothesize!based!on!the! estimated!probabilities!of!success,!but!this!assessment! would!change!significantly!at!the!end!of!the! exploration! phase! due! to! the! existence! of! the! unexpected! uncertainties.! S3! strategy! might! be! impossible!because!there!is!no!platform!available!to!play!several!times!with!limited!costs.!In!addition,! the!existing!literature!on!product!platforms!assumes!that!the!platform!leader!understands!the!final! use! of! products! and! is! capable! to! develop! these! new! products! (Gawer,! 2010).! This! is! certainly! not! valid! in! the! context! of! high! uncertainty,! when! platform! core,! market! options! and! therefore,! interdependencies!are!unknown.! When! interdependencies! are! unknown,! Kokshagina! et! al.,! (2013)! show! that! they! can! be! achieved! through! their! consequent! discovery! or! through! more! intentional! approaches.! There! are! strategies! where! interdependencies! management! comprises! accumulated! learning.! A! trial! and! learning! approach!(Van! de!Ven!et!al.,!1999,!Pich!et!al.,!2002,!Lynn,!1998) case.! Ex& post! analysis! does! not! enlighten! more! intentional! strategies! that! deal! with! markets! before! their! transaction! and! therefore,! enable! to! recover! the! anomaly! in! interdependencies! design,! a! new0 data0analysis0instrument0that0avoids0direct0consideration0of0T@M0couples0is0needed.!!

In!order!to!do!that!markets!need!to!be!described!independently!from!their!derived!products!and!the! corresponding! technologies.! The! issue! has! long! been! addressed! in! consumer! behavior! theory! [START_REF] Lancaster | A new approach to consumer theory[END_REF].! Since! the! 1960s,! goods! can! be! characterized! by! functions.! The! new! market! applications!can!be!assimilated!as!a!set!of!functions!F1,&F2,…Fn!addressed!by!goods.!Each!market!Mi!can! be!described!as!a!set!of!functional!elements!F1,&F2,…Fn!it!targets.!! Similarly,!technologies!have!to!be!described!independently!from!the!products!and!the!markets!that! they! accomplished.! In! the! engineering! design! and! technology! management! literature,! the! value! of! Chapter04:!Strategy!for!Generic!Technology!design! ! 88! technology! is! assimilated! to! functions! that! each! technology! addresses! (Akao,! 1990).! To! develop! a! technology! to! a! chosen! market! means! precisely! to! address! its! functions.! Technology! is! considered! advantageous!if!it!addresses!powerful!functions!that!lead!to!winning!markets.!! To0understand0the0logic0of0interdependencies0in0unknown,0the0notion0of0functions0is0used0to0 verify0 and0 characterize0 technologies0 by0 the0 functions0 they0 address0 and0 the0 markets0 by0 the0 functions0 they0 seek.! It! appears! that! the! notion! of! functions! is! used! to! attract! stakeholders! and! markets! on! the! technological! concepts! without! necessary! describing! technology.! According! to! the! functional!analysis!of!systematic!design,!points!that!when!the!goal!is!to!create!a!design!solution!that! has! not! existed! before,! functions! have! to! be! defined! in! a! "solutionCneutral"! environment! without! interaction! with! the! physical! domain! [START_REF] Suh | The principles of design[END_REF].! Functions! propose! an! intermediate! space! when! designers!are!capable!of!working!on!still!unknown!technologies!and!markets!without!fixing!them!yet.!! How0 does0 the0 notion0 of0 functions0 enable0 working0 on0 strategies0 in0 double0 unknown?0 How0 classical0 strategies0 of0 dealing0 with0 innovation0 exploration0 can0 be0 described0 with0 the0 T(F(M0 framework?00

Strategies characterization using the analytical framework

Following!the!technology!push!definition,!a!chosen!technology!Tk!can!address!multiple!functions!and! hence,! all! the! markets! M1,! M2,! Ml! that! require! the! subset! of! these! functions.! Successfully! developed! technology! Tk& pushes! solution! to! search! for! promising! markets! Ml.! Conversely! needs! that! are! predefined! by! markets! Mk! are! pulled! to! seek! for! a! better! in! terms! of! performance! technology! Tl! (Figure!9).! Following! the! "trial! and! learning",! the! goal! is! to! identify! a! market! alternative! MK! that! has! higher! probability! of! success.! Despite! the! high! level! of! uncertainty,! the! aim! is! to! prescribe! subjective! probabilities!in!order!to!define!a!trial!project!and!to!estimate!which!market!has!higher!potential!of! gaining.!For!example,!there!is!a!volatile!market!MK!(still!uncertain!but!has!higher!potential!than!the! others)!that!seeks!three!key!functions!F1,&F2,!F3.!The!exploration!consists!in!designing!a!technology!T1& to!address!these!functions!and!increase!the!probability!of!trial!existence!PK.!Once!T1&is!developed,!ML& might! be! realized! by! integrating! a! new! functions! F3& and! thus,! extending! technology! T1! to! T1L.! Technology!T1&is!progressively!extended!to!build!a!platform!that!addresses!several!markets.!! ! 89! ! Figure090-0Technology@Market0matching:0Technology0Push0and0Market0Pull0

In!double!unknown!there! might!be! technologies!Ti& that!address!the!series!of!functions!Fj! and!some! known!and!yet!undefined!markets!Mi&that!seek!the!series!of!functions!Fi& (Figure!10).!Each!new!subset! of! functions! that! is! generated! from! the! combination! of! Fj! and! Fi! can! be! seen! as! unknown! markets! (markets!with!very!low!probability)!or!can!be!seen!as!unknown!technologies.!Thus,!the!exploration! can!be!seen!as!a!matching!of!potential!functions!that!markets!seek!and!that!technologies!accomplish.! A!new!couple!of!T&-&M!exists!when!a!new!technology!addresses!unrelated!subsets!of!functions!Fl!and! this! subset! corresponds! to! a! new! realized! market.! The0 notion0 of0 functions0 enables0 to0 having0 a0 minimal0logic0to0follow0technologies0and0markets0exploration.!! ! Figure0100@0Double0unknown0characterization0 Following!the!TMFMM!framework,!it!is!possible!to!image!a!variety!of!ways!to!link!the!set!of!functions! that!markets!seek!and!technologies!address!and!they!might!bring!to!define!new!strategies.!But!how! could!these!strategies!be!evaluated!from!the!cost,!nature!of!risks!and!organizations!implied?!! 

!

The! conducted! analyses! demonstrate! that! the! common0 unknown! which! typically! appears! to! be! costly! and! risky,! leads! to! successful! development,! whereas! trial0 and0 learning,! which! appears! as! a!

Chapter04:!Strategy!for!Generic!Technology!design! ! 96! natural! passage! between! projectCdriven! exploration! and! derivatives! creation,! failed! to! address! identified!market!options.! In!terms!of!performance!the!examples!reveal!that!trial!and!learning!contains!residual!risks!that!are! not! controlled! by! strategy.! These! risks! are! based! on! the! trial! project! selection! that! might! result! in! inadequate! technology! exploration.! This! is! precisely! what! happened! in! the! first! case! study.! The! chosen!trial!didn't!decrease!uncertainties!relevant!to!future!market!derivatives!because!exploration! was! limited! to! a! particular! identified! market.! Instead,! it! required! expensive! adaptation! to! address! future! options.! While! initiating! the! development,! the! risk! manager! normally! does! not! take! into! account!future!market!options!that!may!be!addressed!because!his!primary!goal!is!the!success!of!the! chosen! exploration! project.! This! could! result! in! rigid! common! core! that! is! rarely! reused! by! other! market! derivatives! (Table ! 4).! In! SU1! strategy,! the! cost! of! trial! project! exploration! must! be! paid! C(M0,T0).!Depending!on!the!trial!results,!the!cost!of!market!modules! C (M i ,T i ) i =1 n ∑ !may!be!smaller!or!it! may!require!significant!adaptation!and!additional!resources! (Figure!13).& The!probability!of!success! highly! depends! on! the! first! trial! exploration:! 1-p M 0 T 0 (1- The! empirical! study! of! the! Advanced! R&D! projects! in! double! unknown! situations! showed! the! possibility! of! designing! generic! solutions! and! allowed! the! introduction! of! an! original! model! of! risk! management.!This!model!is!based!on!the!logic!of!technology!exploration!that!is!common!to!several! potential!markets!and!appears!to!be!highly!beneficial!for!a!company's!success.!Meanwhile,!traditional! approaches!of!strategic!planning!can!be!risky!under!uncertainty,!postponing!the!investments!till!the! unknowns!are!reduced! [START_REF] Courtney | !Strategy!under!uncertainty[END_REF] The! simulation! model! proposes! a! powerful! methodology! for! advancing! theory! and! research! on! complex!behaviors!and!system! (Harrison!et!al.,!2007),!it!leads!to!produce!novel!theoretical!insights! (Davis! et! al.,! 2007).! Simulation! tools! enable! analysis! of! multiple! interdependent! processes! simultaneously,!which!appears!necessary!in!order!to!establish!the!relations!between!multiple!criteria! and!strategies!performance.!Moreover,!it!is!considered!as!a!good!exploration!strategy!to!examine!the! relations! within! the! variables! and! determine! criteria.! The! data! to! compare! strategies! performance! and! their! conditions! was! generated! using! stochastic! simulation! model. 

p M 1 T 1 |M 0 T 0 )(1-p M 2 T 2 |M

Model design to account for unknown situations and interdependencies management

There!exist!two!principal!classes!of!models!to!account!for!unknown:!1)!models0that0are0based0on0 uncertainty0 management0 techniques0 including0 real0 options! (Camerer! and! Weber,! 1992,! Huchzermeier!and!Loch,!2001) 2001)! demonstrates! that! given! the! same! initial!investment!in!exploration,!the!opportunities!that!have!higher!variance!will!most!probably!have! bigger!option!value!under!uncertainty!leading!potentially!to!higher!returns!for!the!same!probability! of! loss.! The! real! options! methods! permit! to! adjust! decisions! in! a! dynamic! and! competitive! environment.!Though,!they!ignore!the!interdependencies!among!variables!and!consider!rather!simple! landscapes.!! While!pursuing!innovation!exploration,!firms!have!to!deal!with!complex!and!unknown!environments.! Complexity!is!defined!as!a!large!number!of!parts!that!interact!in!a!nonCtrivial!way!within!each!other! and!external!systems! (Caldart!and!Ricart,!2004,!Sommer!and!Loch,!2004).!A!high!level!of!complexity! challenges! companies'! ability! to! make! optimal! decisions.! Complexity! type! of! models! deals! with! systems! that! comprise! multiple! interacting! entities.! It! is! considered! that! organizations! adapt! by! modifying! their! existing! forms! in! an! attempt! to! enhance! their! fitness! value! in! a! payoff! surface! [START_REF] Levinthal | Adaptation on rugged landscapes[END_REF].! This! class! of! models! is! mostly! based! on! Kauffman! NK! model! for! interactions! dimensions!and!is!broadly!applied!to!strategic!decisionCmaking! (Caldart!and!Ricart,!2004,!Gavetti!et! al.,! 2005[START_REF] Rivkin | Imitation of complex strategies[END_REF],! Sommer! and! Loch,! 2004).! NK! model! permits! dealing! with! rather! rugged! landscapes!where!interdependencies!shape!complex!environments! (Kauffman,!1993).!Though!in!NK! the!system!size!(number!of!variables)!N!is!fixed!at!the!beginning!and!does!not!evolve!in!time! (Sting!et! al.,!2011)

;!2)!models0that0incorporate0complexity0and0represent0innovative0 projects0as0local0searches0on0rugged0landscapes.!! DecisionCmaking!models!that!include!real!options!consider!uncertain!environments!and!incorporate! environmental!dynamics!(McGrath,!1997).!Typically!these!models!use!Bayesian!logic!that!considers! sets! of! random! alternatives! that! evolve! in! time.! McGrath! (
.!Only!K,!which!is!the!number!of!elements!of!N,!within!which!given!attributes!K!interact,!is! changing.! NK& considers! rather! complex! but! stable! environments.! Strategies! are! modeled! as! search! strategies! to! maximize! the! fitness! value! on! the! landscape.! The! simplest! ones! are! strategies! of! local!
search,! which! are! highly! efficient! when! companies'! business! attributes! vary! incrementally! (Caldart! and!Ricart,!2004[START_REF] Rivkin | Imitation of complex strategies[END_REF].!In!addition!to!the!local!search, !Caldart!and!Ricart!(2004)

!enlighten! strategies!of!search!that!1)!involve!the!adaptation!of!new!corporate!business!models!or!simultaneous! alteration!of!many!elements!N!in!the!case!of!explorative!activities!with!low!exploitation!level;!2)!deal! ! Part0II:!The!impact!of!sector!dynamic!rules!on!the!choice!of!risk!management!strategy! ! 117! with!explorative!nature!of!activities!without!loosing!the!benefits!of!exploitation!by!manipulating!the! interdependencies!K!between!different!elements!of!N.!In!this!case!the!goal!is!to!find!new!unforeseen! combinations! of! known! but! previously! distant! parameters.! Global! search! models! take! into! account!
the! interdependencies! and! model! complex! strategies! to! achieve! higher! performance:! trial! and! learning!and!selectionism! (Sommer!and!Loch,!2004,!Sommer!et!al.,!2009).!These!strategies!deal!with! (Mu! et! al.,! 2009).! Withal,! the! level! of! uncertainties! differs!as!well.!For!instance,!markets!and!technologies!might!be!unknown! (McGrath,!2001,!McGrath! and!MacMillan,!1995,!O'Connor,!2006).!Contingent!upon!highly!volatile!and!dynamic!environments,! the!rate!of!new!applications!and!even!new!markets!creation!is!high!and!market!signals!are!dynamic! [START_REF] Hill | Strategic Management: An Intergrated Approach: CengageBrain[END_REF].!On!the!contrary,!when!the!dominant!market!can!be!identified!and!the!industry! is!stable,!market!signals!are!rather!invariable!(the!criterion!called!the!nature0of0markets0-0C1!and!its! dynamics0-0C2).!The!strategies!choice!depends!on!the!speed0of0markets0renewal0(C3),!the!success0 rate0 of0 radical0 innovation0 (C4)! is! positively! influenced! by! innovation! speed! (Goktan! and! Miles,! 2011).!Whereas!the!literature!provides!the!evidence!on!the!relations!between!the!market!orientation! and! new! product! performance,! its! connection! with! various! market! conditions! remain! unclear! [START_REF] Grinstein | !The!effect!of!market!orientation!and!its!components!on!innovation!consequences:!a!metaC analysis[END_REF] (Zhou!and!Wu,! 2010).! Moreover,! under! uncertainty! "varianceMcreating& strategies& are& more& valuable& than& meanM enhancing&ones"! (McGrath,!2001)

followed!by!a!series!of!contingent!(or!chance)!events!whose!influence!on!the!path!taken!is!larger!than! that!of!the!initial!conditions.!Still,!it!remains!unclear!why!path0dependence0(C5)!occurs!and!how!it! influences! strategies! success.! When! the! level! of! corresponding! unknowns! is! high,! it! is! important! to! take! into! account! the! logic! of! learning,! and! incorporate! new! alternatives.! Firms! should! integrate! strategic!flexibilities!that!allow!for!spontaneous!reaction!for!changing!environments!
.!! From!the!insights!in!generic!technology!development,!it!is!evident!that!certain!technologies!are!more!
flexible! and! can! be! compatible! with! higher! number! of! markets! (Maine! and! Garnsey,! 2006) The!environment!itself!can!be!dominant0design0type0or0unknown0(C7)! (Christensen!et!al.,!1998) (Eisenhardt,! 1989b,! Wirtz! et! al.,! 2007).! The! technoC economic!environments'!modeling!is!based!on!technologies,!markets!and!their!interaction.!Normally,! a! wining! solution! is! described! as! a! technologyCmarket! (TMM)! couple! with! various! probability! of! success.!We!keep!the!traditional!TMM!matching! [START_REF] Schumpeter | !The!theory!of!economic!development:!An!inquiry!into!profits,!capital,!credit,!interest,! and!the!business!cycle[END_REF] 

! MP0 TP0 TL0 CU0 Conditions00 Market! Pull! is! relevant! when!market!signals!are! high!(C1)!and!stable!(C2)! (Das! and! Van! de! Ven,! 2000).! It!is!primarily!used!to! commercialize! technologies!and! replace!the!existing! applications,!markets! (Walsh!et!al.,!2002)! Technology!push!is! relevant!in!case! market!signals!are! absent!(C1),!the! suppliers!are! involved!in!the! strategies! determination! (Walsh!and!Linton,! 2011)!! TrialCandCerror! learning!promises! the!highest! potential!when! unforeseeable! uncertainty!is!high! (C1,!C7)!(Sommer! and!Loch,!2004)! ! Common!unknown! performs!better!while! targeting! interdependencies! creation!in!multiC market,!multiC technological! environments!(C1,!C5)! (Kokshagina!et!al.,! 2013 
! To! find! a! technology! for! a! chosen! market! means! precisely! to! address! the! market's! functions.! Technology! is! considered!advantageous!if!it!addresses!powerful!functions!that!lead!to!winning!markets.!Technology! is!a!set!of!physical!elements!(Ti)!that!ensures!certain!functions!(Fi)!with!associated!development!cost! ci!
!that!has!to!be!built).!When!the!"unknown!edge"!is!successfully!established!between! two! existing! technologies,! it! means! that! a! new! technology! capable! of! ensuring! certain! functions! is! developed.!Every!unknown!edge!has!a!cost!ci,!a!probability!of!existence!pi!and!an!associated!weight!of! its!development!is!estimated!as!ci*(1Mpi)!(further!defined!as!the!risk!of!the!corresponding!edge).! A!graph!of!these!"unknown!edges"!represents!a!graph!of!unknown!technologies.!Once!a!new!edge!is! developed,!

Strategies choice in unknown exploration

In!this!perspective,!the!strategies!establish!the!relations!between!multiple!technological!and!markets! alternatives! by! the! efficient! interdependencies! creation.! The! model! therefore! implies! strategies! as! efficient! mechanisms! to! establish! the! links! between! technological! solutions! and! promising! markets! given!the!technoCeconomic!constraints!of!the!underlying!environment.!!

Ideal strategy -no budget restriction

There!are!endogenous!and!exogenous!criteria!that!influence!market!evolution!and!various!forms!of! management!are!possible.!The! initial! landscape! of! existing! technologies! and! markets! is! rugged! and! 

plenty! of! local! optima! can! be! defined! at! time! t! using! various! strategies.! In! the! proposed! model! the! goal!is!to!develop!technologies!to!fulfill!the!unknown!edges!in!a!graph.!In!the!model,!to!develop!the! particular! edge! requires! paying! the! costs! required! to! deliver! the! final! solutions! (e.g.,! costs! of! R&D! exploration,!commercialization,!production).!If!the!initial!budget!is!infinite,!then!the!goal!is!to!find!an! optimal!path!to!develop!all!the!edges.!For! this!reason!the!widely!deployed!in!graph!theory!Kruskal! algorithm! can! be! used.! It! finds! a! minimumCspanning! tree! for! a! connected! weighted! graph.! It! determines!a!subset!of!the!edges!that!forms!a!tree!that!includes!every!vertex!(i.
High! Low! Low! Low! Market0signals0 dynamism0(C2)0 Stable! Dynamic! Dynamic! Dynamic! Market0Renewal0 (C3)0 Fast! Slow! Stable! Stable! Ration0of0 dominant0 markets0vs.0 unknown0(C4)0 Dominant! environment!type! (at!least!10%!of! dominant! markets)! Unknown! environment!type! (UE)!(less!than!1%! of!dominant! markets)! UE!(less!than!10%!of! dominant!markets)! UE!(less!than!10%! of!dominant! markets)! Path0Dependency0 (C5)0 N.A! N.A! High! Low! Reconfiguration0 Criteria0(C6)0 Low!! Average! Less!than!average!! High! Type0of0 environment0 ( 
!combinations!of!the!most!important!criteria!from!strategies!scenarios!(Table!10).! Table0100Conditions!of!strategies!higher!performance0 ! ! ! Type0of0Environment0C50 ! ! Markets0C10&0C20&0C30 Unknown0 Known0 ! Strong0 High,!stable!market!signals!with! high!speed!of!market!renewal! ! Market0Pull0 Technological!compatibility!is! low!C7,!path!dependence!-!no! relevant!C6!! 0 Average,!multiple!market!signals! with!average!speed!of!market! renewal! Trial0and0learning0 Technological! compatibility! is! average! C7! and! strong! path! dependency!C6!! ! 0 Low,!multiple!market!signals!in! average!speed!of!market!renewal! Common0Unknown0 Technological!compatibility!is! high!C7!and!average!path! dependency!C6! ! Weak0 Weak!market!signals!and!low! market!speed!renewal! Technology0Push0 Technological! compatibility! is! average,! path! dependence! -! no!relevant!C6!! ! ! ! ! Aggregative0Technologies0 Segregative0Technologies0 ! It! is! important! to! underline! that! statistically! test! significance! was! measured! at! the! 5 th ! time! period.!
The! graphs! in! (Table ! 9 The! formalism! stemming! from! the! most! recent! design! theory! -! CCK! design! theory! formalism! [START_REF] Hatchuel | Year)! Published.! A! new! approach! of! innovative! design:! an! introduction! to! CK! theory[END_REF],! Hatchuel! and! Weil,! 2009)! -! increases! the! capacity! to! control! a! design! process! and! augment! its! expansion! power.! CCK! stands! for! the! propositions! that! the! design! can! be! represented!as!the!interplay!between!two!interdependent!spaces:!the!space!of!Concepts!(C)!and!the! space!of!Knowledge!(K).!The!space!of!knowledge!contains!propositions!that!could!be!assigned!with!a! logical! status,! which! means! that! they! can! be! considered! true! or! false.! The! space! of! concepts! represents! the! desired! unknown,! a! set! of! propositions,! which! are! still! undecidable! relatively! to! current!knowledge.!The!notion!of!concept!appears!as!an!initial!brief.!It!is!formalized!in!the!theory!as! «!There&exists&some&object&x&for&which&a&group&of&properties&P1,&P2&,...,&Pn&are&true&in&K!»! (Hatchuel!and! Weil,!2009),!so!that!a!concept!remains!undecidable!with!respect!to!current!K.!Generativeness!of!the! CCK! theory! is! driven! by! both! new! objects! and! new! knowledge! creation! from! the! design! process,! it! often! brings! revision! of! an! object's! identity! (Hatchuel! et! al.,! 2011) 

(called! comboCvoltage)! is! a! new! function! that! opens! up! radically! new! opportunities! for! multiple! MEMS! management!from!one!ASIC!and!shares!resources!in!terms!of!size,!cost,!and!power.!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Formal design theories on their way to account for various genericity forms

How0has0genericity0been0tackled0by0design0theories0so0far?0Formal!design!theories!aim!to!reach! mathematical! and! logical! rigor! to! formulate! hypotheses! and! prove! their! findings! (Hatchuel! et! al.,! 2011).!The!following!formal!design!theories!were!chosen!for!the!study:!General!Design!Theory!(GDT)! (Yoshikawa,! 1985),! Axiomatic! Design! (AD)! [START_REF] Suh | A theory of complexity, periodicity and the design axioms[END_REF],! Coupled! Design! Process! (CDP)! (Braha! and! Reich,! 2003),! Infused! Design! (ID)! (Shai! and! Reich,! 2004),! and! ConceptCKnowledge! (CCK)! design! theory! (Hatchuel! and! Weil,! 2009).! The! design! theories! do! not! explicitly! discuss! technologies! and! genericity,!but!rather!design!solutions! (Pahl!and!Beitz,!1995) This! theory! enables! building! a! form! of! genericity! associated! to! the! set! of! functional! combinations.! Functions! influence! the! context! of! the! design! space,! since! they! define! the! input! for! the! design! specifications.! The! structure! of! entity! space! defines! genericity.! According! to! genericity! building,! Hausdorff! distance! enables! the! estimation! of! the! maximal! effort! to! link! functions! with! the! corresponding! attributes.! When! the! structure! of! entity! space! has! Hausdorff! structure! (ideal! knowledge),!maximum!genericity!can!be!obtained.!Following!the!Table!12,!once!2 7! combinations!are! covered,!the!highest!genericity!is!built.!If!not,!genericity!can!be!conceived!only!according!to!certain! subset! of! functions.! Genericity! can! be! analyzed! as! a! Hausdorff! measure! of! an! entity! space.!The!technology!can!be!considered!as!the!structure!of!attribute!space!available!to!address!the! function!space!in!(Table !12).! In! Axiomatic0 Design0 (AD)! [START_REF] Suh | A theory of complexity, periodicity and the design axioms[END_REF])! the! design! process! occurs! in! the! physical! domain! and! functional! domain.! The! goal! of! the! designer! is! to! build! mapping! between! functional! requirements! (FRs)! in! the! functional! domain! and! design! parameters! (DPs)! of! the! physical! domain! by! selecting! proper!DPs!to!ensure!FRs.!In!the!axiomatic!approach!design!is!controlled!by!two!axioms!of!Suh:!the! independence!and!information!axiom 13 .!By!obtaining!the!decoupled!diagonal!matrix!of!FRs!and!DPs,! one! can! address! each! function! separately! or! developed! DPs! can! be! changed! according! to! each! function! independently.! If! a! matrix! is! decoupled! then! the! designers! will! be! able! to! reach! all! the! functional!combinations.!! Genericity!is!based!on!the!range!of!FRs!achievable!by!DPs!(where!FRs!and!DPs!can!be!mathematically! represented! as! a! vector! and! the! relations! between! them! as! a! matrix).! The! higher! genericity! is! obtained!when!the!relations!in!between!DPs!and!FRs!are!ensured!by!the!independency!axiom!and!the! matrix!is!diagonal.!For!instance,!if!FR1!and!FR2!are!independent!and!the!matrix!is!decoupled,!all!the! functional! combinations! including! these! functions! can! be! achieved.! Otherwise,! if! the! functions! are! dependent!and!the!matrix!is!coupled,!a!generic!solution!is!not!available.!So!genericity!can!be!seen!as!a! hypercube! structure! that! defines! the! relations! in! vector! space! of! FRs! (Table ! 12).! Although,! AD! provides! a!powerful!and!robust!method!to!construct!genericity,!the!latter!can!be!built! knowing!the! environments.!The!technology!can!be!defined!as!the!set!of!FRs!and!DPs!relations!in!(Table !11

)).! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 12 !Hausdorff!distance!is!defined!as!the!«maximum!distance!of!a!set!to!the!nearest!point!in!the!other!set!».!It!is! the!greatest!of!all!the!distances!from!a!point!in!one!set!to!the!closest!point!in!
).! This! theory! is! indifferent! to! knowledge! expansions! and! as! in! GDT! genericity! is! constructed! by! a! reference!to!fixed!referential.!Both!AD!and!GDT!propose!ways!to!deal!with!complete!functional!spaces! when! the! design! space! has! a! particular! structure! (Hausdorff! space! in! GDT! and! axiom! of! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
13 !The!Independence!Axiom:!an!optimal!design!always!maintains!the!independence!of!FRs.! The!Information!Axiom:!The!best!design!is!a!functionally!uncoupled!design!that!has!the!minimum!information! content! Suh,! N.! P.! (1999)! A! theory! of! complexity,! periodicity! and! the! design! axioms. partition!will!enable!creation!of!new!attribute(s)!P'&that!was!not!initially!an!attribute!of!x!in!K.!This! theory!models!the!integration!of!new!knowledge!and!connections!amidst!knowledge!disciplines!using! operators!of!knowledge!disjunction!(K!C>!C),!conjunction!(C!C>K),!and!expansion!(C!C>C,!KC>K).!In!CCK,! genericity!goes!beyond!the!validation!of!ex&ante!targeted!sets!of!specifications.!It!includes!all!the!new! objects! generated! by! KCreordering! (as! well! as! new! concepts),! i.e.! by! combination! of! the! newly! designed! object! with! the! previously! known! objects,! the! combination! of! the! new! and! the! old! knowledge.! This! is! the! effect! of! the! newly! generated! knowledge! coming! from! the! exploration! of! previously!unknown!concepts!on!the!K!space.!Genericity!improvement!in!CCK!appears!to!be!linked!to! the!expansion!strategy:!there!is!a!certain!anisotropy!in!expansions!to!improve!KCreordering!in!order! to! obtain! higher! genericity.! For! example! certain! designs! may! only! enable! limited! KCreordering! -! object! identity! preservation! (in! case! of! ASIT! see! (Reich! et! al.,! 2012)! )! -! or! the! complete! object! recomposition!-!object!identity!discussion! [START_REF] Hooge | Year)! Published.! A! new! methodology! for! advanced! engineering! design:! Lessons!from!experimenting!CK!Theory!driven!tools[END_REF].!Besides!in!CCK!formalism,!technology! is!defined!using!the!initial!K!space!(Table !11).!Contrary!to!the!other!theories!CCK!does!not!make!any! hypothesis!on!the!structure!of!"invariance"!and!thus,!by!using!CCK!we!could!examine!the!influence!of! various!knowledge!structures!on!the!genericity!design!in!unknown.!! 
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THE NEW NOTION OF GENERIC CONCEPT

Generic technologies design using C-K design theory formalism

From! the! CCK! theory! design! perspective,! generic! technology! attempts! to! mobilize! the! available! or! easily! accessible! knowledge! but! still! looks! for! radical! knowledge! disruption! in! C! space.! Given! the! practical! constraints! (fixed! R&D! budget),! the! goal! is! a! disruption! that! maximizes! the! value! of! the! future!solution!but!minimizes!the!distance!between!knowledge!domains!in!terms!of!effort!to!achieve! this!disruption.!The!objective!is!to!identify!the!minimal!partition!that!provokes!maximum!expansion! (dK,!DC),!a!powerful0expansive0partition0to0obtain0generic0technology.!! Compared!with!the!classical!design!process!modeled!with!CCK!formalisms,!the!objective!of!genericity! building!is!not!to!generate!a!single!solution!through!the!appropriate!connection!between!knowledge! structure!(CCK!conjunction).!As!seen!in!the!Section!1,! the!objective!is!on!the!contrary! to! preserve!a! diversity! of! initially! independent! knowledge! structures! and! to! create! propagation! effects! between! these!structures!thanks!to!a!"generic!concept".! This!generic!concept!should!be!created!through!the!design!of!interdependencies0between!some!of! the!initial!knowledge!structures!(which!we!will!call!the!"connectivity"0operation).!The!concept!in!CC K!is!defined!as!"x&such&that&P(x)",!where!P(x)!-!are!properties!of!the!knowledge!structures.!The!goal!is! to!find!a!"void"!in!knowledge!space!that!could!lead!to!the!creation!of!generic!concept,!which!in!turn! extends!the!knowledge!basis!and!redefines!the!domain0of0existence.!! The! expansion! generated! thanks! to! the! generic! concept! provokes! a! KCreordering,! which! in! turn! changes!the!space!of!possible!designs!associated!with!the!initial!structures!in!K.!The!latter!is!called! domain0 of0 existence0 D.# Indeed,! this! process! is! similar! to! scientific! discovery! that! pushes! the! boundaries!of!the!existing!limits,!opens!up!new!possibilities!and!thus,!extends!domain!of!validity!of! scientific! theories.! This! operation! leads! to! associate! this! new! domain0 of0 existence0 D,! where! the! existing!structures!evolve!and!create!new!opportunities!to!the!generic!concept!itself:!the!domain!is! dependent!on!the!first!connection!that!was!realized!through!the!generic!concept.!It!is!important!to! underline! that! the! notion! of! domain! is! incorporated! within! the! existing! knowledge! structures.! The! idea!behind!the!genericity!building!consists!of!seeing!how!the!domain!can!be!extended!or!organized! to!account!for!higher!genericity.! Finally,!the0design0of!interdependencies0and!the!construction0of0the0domain0of0existence0lead!to! define0 generic0 concept0 "x# such# as# P(x)# over# D",# or# directly# x,# P(x),# D.0 Once! generic! concept! is! established,!the!process!follows!by!densification0operation!that!is!based!on!the!interaction!of!generic! 

On the genericity of steam engines

The! descriptors! of! existence! domain! D! can! be! identified! from! the! initial! knowledge! or! conceived! during!the!design!process.!Based!on!the!knowledge!structure!they!can!take!various!forms.!When!we! deal! with! engineering! design,! D& has! to! ensure! the! compatibility& of! an! object! and! associated! environments.!To!study!the!particularity!of!generic!concept!identification!and!D!formation,!the!steam! engine! example! is! chosen.! The! steam! engine! is! recognized! as! a! general! purpose! technology! (Rosenberg!and!Trajtenberg,!2004) (Bryzek,! 1996).! In!the!last!decade,!MEMS!have!provoked!revolutions!in!several!industries.!Just!to!cite!some!of!them:! arrays! of! micro! mirrors! enabled! digital! film! projectors,! accelerometers! like! those! in! Wii! controller! have!changed!gaming,!the!iPhone!4!became!the!first!portable!consumer!device!to!incorporate!a!threeC axis!accelerometer,!threeCaxis!gyroscope,!and!threeCaxis!electronic!compass.!MEMS!became!a!generic! technological! platform! that! enables! the! development! of! products,! augmenting! the! computational! ability! of! microelectronics! with! the! perception! and! control! capabilities! of! micro! sensors! and! micro! actuators,! expanding! the! space! of! possible! designs! and! applications.! MEMS! technology! is! the! integration! of! mechanical! elements,! sensors,! actuators,! and! electronics! on! a! common! substrate! through! micro! fabrication! technology! (D).! MEMS! appear! as! a! set! of! technologies,! a! group! of! manufacturing! processes! that! comprise! the! second! micromanufacturing! revolution! [START_REF] Walsh | Roadmapping a disruptive technology: A case study: The emerging microsystems and top-down nanosystems industry[END_REF]. (Figure!26).! MEMS!development!started!in!the!1950s!when!silicon!strain!gauges!became!commercially!available.! Not! long! after! this,! Dr.! Richard! Feyman,! in! his! famous! talk! "There's! plenty! of! room! at! the! bottom",! described! the! tremendous! potentials! in! the! micro! technology! field.! After! the! invention! in! 1967! of! surface!machining!of!the!first!silicon!accelerometer,!micro!machined!inkjet!nozzles!were!developed! (Heeren!and!Salomon,!2007).!Yet,!genericity!was!not!acquired!at!that!moment.! In!the!mid!1990s!two!MEMS!enabling!technologies!appeared.!First,!the!deep!reactive!ion!etching!of! silicon!made!possible!to!etch!deep!high!aspect!ration!trenches!into!silicon.!Second,!the!development! of! silicon! on! insulator! wafers! enabled! high! quality! silicon! layers! for! micromechanical! structure.! Thanks! to! these! technologies,! the! micromechanical! components! were! fabricated! using! compatible! micromachining!processes!to!selectively!etch!away!parts!of!the!silicon!wafer!or!add!new!structural! layers! to! form! the! mechanical! and! electromechanical! devices! (D! design).! Through! these! innovative! processes!MEMS!became!a!true!GT!and!manufacturing!platform.!Taking!into!account!the!complexity! and! variety! of! different! technological! phenomena! involved,! MEMS! did! not! have! a! unit! cell! like! a! transistor! to! progress! (Tierney! et! al.,! 2013).! By! using! batch! process! as! in! semiconductors! manufacturing,! MEMS! manufacturing! differs! significantly! by! combining! electrical! and! mechanical! processes! [START_REF] Walsh | Roadmapping a disruptive technology: A case study: The emerging microsystems and top-down nanosystems industry[END_REF].!MEMS!appeared!to!be!truly!generic!when!new!descriptor!D!that!ensures!the! 

Genericity improvement at the core of the engineering design

The!acquired!genericity!can!be!"improved"!through!further!D!extension.!!Drawing!on!the!principles!of! engineering!design,!the!design!process!can!be!accomplished!through:!planning!and!clarifying!the!task,! conceptual! design,! embodiment! design,! detail! design! (Pahl! and! Beitz,! 1995).! Theoretically,! it! is! possible! to! account! for! genericity! improvement! at! each! phase! until! the! detailed! stage! of! design! is! achieved.! Embodiment! keeps! technical! specification! and! the! goal! is! to! ensure! predefined! volumes,! which! means! to! ensure! compatibility! with! the! identified! environments.! These! are! descriptors! (D)! defined!at!the!level!of!embodiment!(based!on!design!parameters).!! In!the!case!of!steam!engines!the!compatibility!with!factory!machinery!was!achieved!through!rotary! motion!preservation.!Using!the!principles!of!engineering!design!language,!the!descriptors!are!defined! at! the! embodiment0 level.! Although! the! existence! domain! can! be! defined! at! the! conceptual! or! functional! level! as! well.! For! instance,! one! could! think! of! designing! steam! engines! compatible! with! various!forms!of!energy!transmission.!On!these!terms,!descriptors!should!be!defined!at!the!functional! level.!More!generally,!genericity!improvement!is!often!at!the!core!of!engineering!science.!! Following!the!axiomatic!design!axioms! [START_REF] Suh | A theory of complexity, periodicity and the design axioms[END_REF])! the!goal!is!to!decouple!functional!requirements! (FRs)!and!design!parameters!(DPs),!Thus,!the!engineers!seek!to!combine!the!right!skills!to!fabricate! not!only!the!relations!between!FRs!and!DPs,!but!also!to!preserve!the!independence!of!DPs!from!other! functional!requirements!(independence!axiom).!The!engineering!design!approaches!allow!managing! the!interdependencies!as!well!as!independencies,!which!is!critical!for!designing!generic!technologies.! From!this!perspective,!any!technology!already!has!generic!properties.!! The!design! approaches!(i.e.! robust! design! which! is! defined! as! a! «!set! of! methods! which! deal! with! a! consistency!of!a!system!functions!across!a!wide!range!of!conditions!»!(De! Neufville!et!al.,!2004) [START_REF] Boujut | ! Intermediary! objects! as! a! means! to! foster! coCoperation! in! engineering! design[END_REF] 

Method for generic technology design through the environments superposition

This!first!strategy,!which!we!called!"Method!of!Superposition",!starts!by!identifying!relevant!market! domains.! Market! environment! superposition! enables! the! identification! of! common! properties! that! these!environments!seek.!It!thus!starts!from!the!identification!of!a!conceived!concept!that!addresses! market!environments!E1,&E2!and!all!combinations!generated!from!the!superposition!in!between!these! environments.! During! the! exploration! process! a! descriptor! of! the! existence! The!force!of!3DTouch!was!in!its!capability!to!maximize!the!compatibility!and!the!interdependencies! creation!between!various!properties!and!to!group!common!functions!in!a!generic!technological!core! and!exclusive!functions!in!specific!modules.!The!objective!was!to!limit!project!risks!by!increasing!the! number! of! potential! markets! and! their! applications.! This! approach! seems! to! be! logical! for! generic! 

domain! D(X)& is! progressively! built.! D(X)! is! common! to! E1,& E2!
! to! build! the! interdependencies! between! these! areas! and! create! an! existence! domain! that! involves!all!the!initially!considered&Ei.!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
technology!design.!But!it!is!counterintuitive!since!intuitively!we!tend!to!optimize!projects!to!existing! less! risky! applications! (i.e.,! just! develop! a! backCtyping! solution! for! which! the! market! was! clearly! identified! by! existing! ST! clients).! It! is! necessary! to! underline! the! essential! role! of! project! manager! that!was!constantly!seeking!for!new!exploration!environments!to!determine!which!functions!have!to! be!included!in!a!generic!core.!For!
!is!based!on!the!fact!that!it!starts!with!disruptive!technological!concept!that!was!pushed!to! explore! market! applications.! Yet,! the! exploration! does! not! converge! towards! an! initially! defined! technology,! but! both! technologies! and! markets! are! explored! simultaneously! to! diverge! towards! a! larger!market!area.!The!technological!concept!is!projected!to!the!exploration!space!in!order!to!enrich! technology!and!markets.!!

Empirical case: HEATec project exploration at STMicroelectronics

HEATec! aims! to! develop! innovative! solutions! for! thermal! energy! recuperation.! At! ST! the! HEATec! started!based!on!a!particular!idea!to!recuperate!energy!from!the!sources!that!are!unexploited!today! and!where!thermal!gradients!are!present!(E*)!(e.g.,!electronic!equipment,!building!automation!area).!

The! motivation! point! behind! this! project! is! rather! classical:! it! aimed! to! develop! an! advanced! technology! for! the! emerging! needs! of! energy! harvesting! (e.g.,! autonomous! wireless! networks)! that! would!provide!solutions!with!smaller!costs!and!enable!ST!to!ensure!its!growth!and!fab!overload.!So! first!a!technological!principle!was!determined,!a!patent!of!energy!harvesting!principles!was!filed!and! a! projection! environment! was! identified! E*.! Two! technological! principles! of! thermal! -! mechanical! energy!conversion!were!patented.!The!idea!was!to!initiate!an!exploration!that!would!push!these!two! concepts!towards!a!reliable!technology!and!develop!market!applications.!! The! starting! point! was! to! conceive! the! first! targeted! environment! of! nonCsolar! power! energy! recuperation! where! a! thermal! gradient! is! present.! The! aim! was! to! make! use! of! the! lost! energy! to! power! autonomous! systems! when! the! amount! of! converted! energy! is! low! or! even! to! create! power! systems! when! the! conversion! efficiency! is! high.! The! sources! of! heat! do! not! have! planar! forms! and! thus,! the! creation! of! flexible! and! thin! energy! harvesters! to! maximize! system! efficiency! and! the! amount!of!recuperated!energy!would!definitely!find!its!uses.!Thus,!the!project!team!aimed!to!increase! the! total! efficiency! of! energy! generation! through! the! use! of! several! technological! approaches.! By! working!on!new!forms!of!electronics!that!need!far!less!power!they!aimed!to!develop!a!new!approach! for!energy!harvesting!that!generates!electricity!from!a!small!temperature!gradient! (Monfray,!2012) 

.!! The! HEATec! searched! for! a! technology! that! could! potentially! solve! this! problem.! Initially,! they! intended! to! recuperate! losses! of! thermal! energy! given! the! importance! of! the! Joule! effect! in! semiconductors.! Logically,! market! areas! of! mobile! consumer! market! were! rapidly! considered! first! due! to! the! importance! of! energy! autonomy,! overheating! problems! and! potentially! high! application! volume.!The!definition!of!this!first!technical!solution!was!specific!to!the!constraints!of!the!considered! environment.! The! initial! strategic! objective! was! to! recuperate! thermal! energy! losses! of! electronic! chips!and!the!technology!had!to!respect!a!reduced!footprint!to!be!integrated!in!mobile!phones.!They! used!first!of!all!the!existing!Seebeck!effect!of!direct!conversion!based!on!the!temperature!differences! to! electric! voltage! and! viceCversa! that! permitted! avoiding! using! commonly! deployed! radiators.! ! Part0III:!Methods!and!process!for!generic!technologies!design! ! 169! However,! the! materials! that! allow! implementation! of! this! effect! had! to! be! supplied! with! bulky! radiators! that! are! impossible! to! integrate! in! mobile! phones.! Thus,! the! project! team! searched! for! a! new! device! for! thermal! -! mechanical! energy! conversion! with! a! small! footprint.! The! solution! came! with!energy!transformation!in!two!steps:!first,!thermal!-!mechanical!and!second,!from!mechanical!to! electrical! knowing! that! the! principle! of! mechanical! -! electrical! energy! conversion! is! based! on! a! known!phenomenon!of!piezoelectricity!(Figure!30).!! The! innovation! of! HEATec! consists! in! developing! a! solution! of! constant! energy! conversion! from! thermal! to! mechanical! impulses.! A! new! technology! principle! was! identified! and! allowed! the! development! of! a! prototype.! However,! the! team! found! out! that! the! orders! of! magnitude! of! this! technology! is! nowadays! incompatible! with! mobile! phones.! Nevertheless,! the! created! technology! enabled! them! to! activate! new! environments.! The! developed! energy! harvesting! solution! could! be! applied! in! the! various! systems! with! important! thermal! gradients.! The! following! applications! emerged:!an!autonomous!sensor!installed!close!to!hot!water!canalization,!smart!grids,!wall!thermal! management! (building! automation! area),! autonomous! healthcare,! industrial! monitoring,! industrial! automation,!the!"internet!of!things"!concepts,!etc.!! This! new! principles! of! energy! conversion! obtained! from! the! projection! allowed! formulation! of! the! existence!domain!and!work!on!genericity.!The!new!principles!of!energy!conversion!for!E*&convey!to! design! a! technology! for! a! large! application! area! and! enlarge! a! spectrum! of! validity! domain.! The! developed!system!of!energy!conversion!is!compatible!with!largeCscale!objects,!flexible!to!adapt!to!

STRATEGY OF DOMAIN DESIGN CREATION BY DESIGNERS ATTRACTION -"GENERICITY CO-DESIGN"

Design method for generic technology design by participants attraction

The!last!strategy!identified,!which!we!call!"Method!of!Attraction",!starts!with!a!technological!concept: 

! the! goal! is! to! find! a! number! of! actors! that! are! interested! to! explore! emerging! environments! associated!to!a!potentially!generic!technology.!These!actors!through!the!process!of!coCdesign!enable! the! identification! of! the! descriptors! of! the! existence! domain! D(X)& that! unify! these! domains! of! exploration! and! separate! the! list! of! parameters! specific! to! the! domain! of! interest! of! each! involved! actor.!The!genericity!in!this!case!depends!on!the!experts!of!the!ecosystem!itself,!on!the!their!capacity! to! decrease! the! costs! of! exploration! and! integrate! the! acquired! learning.! The! coCdesign! of! the! platform! within! the! set! of! actors! enables! joining! of! the! effort! and! allows! access! to! the! clients'! knowledge!databases!and!their!expertise!(Figure!31).!In!this!strategy!the!design!domain!D(x)!is!built! through!the!collaborative!effort!of!multiple!actors!where!each!one!is!responsible!for!the!design!of!a! subset!of!functions!that!define!a!part!of!the!domain.!This!strategy!demonstrates!the!importance!of!coC development!to!design!validity!domain.!

CONCLUSION: TOWARDS HIGHER "GENERICITY BUILDING"

To!enrich!the!generic!technological!core!one!needs!to!account!for!the!environments!exploration.!To! take! into! account! emerging! functions! in! the! process! of! environment! exploration,! we! could! use! the! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Part III Outline

The 

! design! of! GT! is! managed! by! generic! concepts! that! has! a! structure! of! a! concept! x! with! the! associated! properties! P(x)! and! the! added! notion! of! the! validity! domain! -! D.! The! generic! concept! xP(x)D! targets! the! existence! domains! that! are! not! reduced! to! one! solution! but! comprise! several! of! them! both! known! or! partially! unknown.! The! descriptors! of! the! domain! of! existence! are! crucial! for! successful! GT! design.! As! our! work! demonstrated! they! could! be! identified! from! the! existing! knowledge! base! (like! rotary! motion! in! water! wheels)! or! could! be! designed! (like,! micromachining! process! in! MEMS).! The! descriptors! enable! the! formulation! of! the! existence! domain! and! build! genericity!on!the!set!of!solutions.!To!design!generic!concepts!and!associated!domain!of!existence,!the! two!operators!appear!to!be!critical:!1)!the!design!of!interdependencies!between!initially!independent! areas,! or! connectivity! operation,! which! leads! to! formulate! generic! concept;! 2)! the! densification! of! rules!to!ensure!genericity!propagation!in!unknown!and!account!for!larger!domain!of!validity.!Having! defined!a!form!of!D!imposes!a!certain!structure!of!future!knowledge!and!controls!the!operation!of!KC reordering,!which!brings!interesting!theoretical!perspective!to!CCK!theory.!In!the!CCK!theory!concept! is!formulated!as!"There&exists&some&object&x&for&which&a&group&of&properties&P1,&P2&,...,&Pn&are&true&in&K!»! (Hatchuel! and! Weil,! 2009)! such! that! a! concept! is! undecidable! with! respect! to! current! K.! The! introduced!operator!of!the!existence!domain!does!not!discuss!the!relation!amidst!the!existing!K!but! with! an! emerging! future! K'! that! has! not! only! new! object! X& but! as! well! its! relations! with! the! actual! knowledge!basis!imposed!by!D.!The!role!of!descriptors!of!existence!domain!D&is!to!impose!a!structure! of!future!knowledge!K'.!D&controls!the!KCreordering!operation.!D!uses!the!knowledge!of!the!domain!in! K! or! requires! a! design! process.! It! is! important! to! underline! that! D! provokes! the! emergence! of! different!concepts.!As!regards!to!steam!engines,!it!is!not!the!engine!itself!that!is!particularly!generic,! but!the!coupling!principle!that!enables!steam!engines!to!penetrate!various!market!fields.! Moreover,! it! is! demonstrated! that! the! activity! of! D! identification! and! creation! to! design! generic! concept!xP(x)D!is!not!evident,!it!requires!deep!scientific!and!business!expertise!in!various!domains.! Thus,! the! organizational! structures! to! design! and! explore! the! infrastructure! of! domains! of! validity,! where! the! actors! could! jointly! explore! these! domains,! are! necessary.! Several! strategies! of! domain! design! are! formulated! based! on! the! empirical! case! studies! of! innovative! generic! technologies! development!in!the!semiconductor!industry.!They!provide!rather!different!perspectives!on!the!way!of! genericity! building! through! market! environment! superposition,! technological! environment! projection! and! partners'! attraction! to! design! D.! It! is! demonstrated! that! different! descriptors! of! existence!domain!can!lead!to!
To! understand! the! particularity! of! GT! management,! we! have! conducted! multiple! case! studies! of! innovative!technologies!development!in!various!contexts!at!ST.!The!four!identified!cases!that!we!have! chosen!offer!rather!different!frameworks!and!units!of!analysis,!which!permit!different!perspectives! on!the!research!questions:!1)!Case01:!BIP!innovation!contests!designed!for!generic!technologies!at!ST! including!ex&post!projects!analysis!and!ongoing!experimentations;!2)!Case02:!Ecosystem!exploration! of!technologies!and!markets!in!the!case!of!"More!than!Moore"!technological!working!group!within!the! ITRS;! 3)! Case0 3:0 Generic! patent! design! with! various! advanced! technological! groups! by! using! "CCK! Invent"!method0patent!design;!4)!Case04:!ex&post!analysis!of!a!research!project!portfolio!(Table!15).! Still,!all!of!them!pursue!GTs!development.!These!cases!uncover!how!
! 187! Table0140Multiple0Organizational0contexts0for0GTs0exploration0 ! Case010 Case020 Case030 Case040 Description0 Open!Innovation! contests!-!Business! Innovation!Process! (3!consequent! innovation! challenges)! The!International! Technology! Roadmap!for! Semiconductors!! (ITRS)!Technology! working!group! "More!than!Moore! (MtM)"! Generic!patent! design!with!various! advanced! technological! groups! ExCpost!analysis!of! research!project! portfolio! Time0period0 2009!C!2012! 2005!C!2013! 2008!C!2013! 2003!C!2010! Unit0of0analysis0 Innovation! exploration!projects! accepted!after!the! ideas!collection! phase!-!20!projects! in!3!years! The!working!group! composed!by!actors! from!the!various! semiconductor! companies# ! 5!exploration! groups!! 10!research! projects!clusters! (~400!thesis! projects)! Involved0 organizational0 entities0 Business!Units,! Strategy,!Marketing,! R&D!groups! Companies! representatives,! MtM!TWG!leaders0
Business!units,!R&D! groups! R&D!groups! 

Multiple case analysis: insights from four organizational contexts

Case 1: Business Innovation Process

! yet! to! be! constructed.! We! call! this!actor!the!crossCapplication!manager!(CAM).!The!role!of!the!CAM!appears!to!be!a!pivotal!one!while! pursing!GT!design!(Table!15).! Table0150Cross@application0manager0 ! Case010 Case020 Case030 Case040 Results0of0GT0 portfolio0 4/20!(+/C)! (+)! (+)! 4/10!(+/C)!! The0role0of0CAM0 4!GT!projects!(from! 20)!lead!to! successful!generic! portfolio!creation.! The!managers! performed!the!role! of!CAM!by! preventing!the! exploration!of!a! singular!market! solutions! The!coordinator!of! TWG!"More!than! Moore"!

CROSS-APPLICATION MANAGER -A NEW MANAGERIAL FIGURE TO ENSURE THE SUCCESSFUL IMPLEMENTATION OF GENERIC TECHNOLOGY DESIGN ACTION LOGIC

Role of the Cross-Application Manager

These! cases! demonstrated! that! the! design! of! generic! technology! requires! "cross@application"0 

managers,! who! are! able! to! put! into! interaction! the! innovative! concepts! developed! in! different!
! identified! market! challenges! as! well.! It! is! important! to! mention! that! the! CAM! is! not! necessary! a! single! managerial! actor! within! the! organization;!it!could!be!a!pool!of!managers!or!even!a!particular!organizational!structure.!!

Illustration of action logic of generic technology design through the 3DTouch case at ST

This! section! demonstrates! the! introduced! action! logic! using! the! example! of! the! 3DTouch! generic! technology!platform!at!ST.!It!was!shown!previously!that!3DTouch!is!a!generic!technological!platform! that!led!to!the!creation!of!various!market!applications!(Figure!37).!Taking!our!findings!together,!we! would!like!to!provide!the!elements!of!GT!behind!the!multitouch!haptic!technological!platform.! The!technology!behind!the!3DTouch!proposition!initially!was!to!develop!an!active!surface!to!
!It!contributes!to!the!creation!of!an!external!ecosystem! for!innovative!fields!exploration.!New!type!of!innovation!C!Rc!allows!structuring!unknown!but!does! not!take!into!account!potential!market!applications,!which!is!crucial!to!account!for!GT!success.!How! can!future!market!value!in!double!unknown!be!taken!into!account?!!

Forms of innovative design for GT design

MAIN RESULTS: MANAGERIAL AND ORGANIZATIONAL PATTERNS FOR DOUBLE UNKNOWN MANAGEMENT AND A NEW ACTION LOGIC FOR GENERIC TECHNOLOGY DESIGN

The! exploration! of! the! design! of! generic! technologies! in! double! unknown! as! a! new! and! original! anomaly! enabled! us! to! implement! the! analytical! framework! of! a! new! phenomenon! discovery.! By! "anomaly",!we!define!a!situation!that!has!not!yet!been!investigated!in!the!current!literature!but!can!be! observed!in!practice.!The!approach!used!for!anomaly!identification!and!characterization!is!similar!to! the!"talking!pig"!of !Siggelkow!(2007).!First,!we!compare!various!theoretical!perspectives!in!order!to! The! economic! reasoning! behind! the! genericity! building! provides! insights! on! the! dynamics! of! engineering!systems.!! Finally,!managerial!and!organizational!needs!are!defined!in!order!to!account!for!GTs.!4)!A0new0role0 

!to!the! development!of!a!first!trial!that!does!not!result!in!platform!development.!Favoring!a!first!exploration! project! before! formulating! a! platform! core! might! actually! lead! to! an! increase! in! the! global! risks! instead! of! decreasing! it! and! limiting! the! exploration! space.! This& evolutionary& strategy! is! preferable! when!there!is!a!dominant!application!which!can!be!addressed!through!consequent!trial!development.! 2 
of0 cross@application0 manager,0 who! is! capable! to! put! in! interaction! between! various! innovative! concepts! and! guide! the! exploration! of! double! unknown! towards! generic! technology! design,! is! defined.! Through! the! investigation! of! four! empirical! contexts! of! GT! design,! it! is! shown! that! the! success!of!GT!development!is!highly!correlated!to!the!presence!of!a!managerial!figure!that!plays!the! role! of! the! crossCapplication! manager.! Moreover,! a! new! notion! of! conceptive! development! for! GT! design! is! introduced.! Conceptive! development! aims! to! explore! unknowns! and! account! for! breakthrough! by! keeping! costs! under! control! and! integrating! the! characteristics! of! development! projects!in!highly!disruptive!fields!of!exploration.! The! design! of! generic! technologies! in! double! unknown! is! driven! by! generic0 concepts! that! are! responsible!for!designing!a!larger!application!area!through!the!creation!or!identification!of!a!new! existence!domain.!The!interdependencies!structure!creation!within!various!independent!domains! with! controlled! costs! become! crucial! to! attain! a!

THEORETICAL IMPLICATIONS: DESIGN AS A NEW ACTION POSSIBILITY FOR RISK MANAGEMENT IN UNKNOWN SITUATIONS?

In!this!section!we!discuss!the!theoretical!implications!of!our!research.!The!first!principal!thesis!of!this! dissertation!posits!that!situations!of!double!unknown,!normally!considered!as!being!unmanageable,! are! advantageous! for! the! design! of! generic! technologies.! By! their! definition,! GTs! are! capable! of! provoking!technology!dissemination!in!various!market!areas!as!well!as!of!creating!new!uses.!Still,!the! reasoning!behind!appeared!to!be!challenging.!By!admitting!the!interest!in!developing!pervasive!GTs,! the! second! principal! thesis! shows! that! even! though! the! current! literature! shows! the! advantages! of! these! technologies,! there! is! a! lack! of! techniques! to! actually! design! genericity.! Thus,! the! main! contribution!of!this!thesis!is!a!new!action!logic!that!facilitates!the!design!of!generic!technologies.!This! action!model!of!GT!design!engenders!the!range!of!the!following!theoretical!implications.!! First,! this! work! opens! further! research! streams! on! the! governance! of! projects! under! uncertainty! (Enkel! et! al.,! 2009,! Gassmann,! 2006).! In! the! situation! of! high! uncertainty! there! is! a! tendency! to! privilege! more! emergent! and! evolutionary! strategies! like! trial! and! learning.! They! are! based! on! injecting! learning! processes! into! soCcalled! emergent! strategies! (Mintzberg,! 1990)(e.g.! logical! incrementalism! [START_REF] Quinn | Strategic Change:" Logical Incrementalism[END_REF],! incorporating! logic! of! action! [START_REF] Starbuck | Learning by knowledge-intensive firms[END_REF]).! Surprisingly,! the! "common! unknown"! strategy,! introduced! in! this! work,! belongs! to! a! more! deterministic! class! of! strategies! which! allows! managing! double! unknown! in! a! more! predictable! way.! The! "common! unknown"!rather!corresponds!to!the!old!classical!strategy!of!"design!school"!where!the!challenge!is! not!about!choosing!among!alternatives,!but!rather!in!"generating!options!via!collective!reflectionCinC 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
! in! SystemConCaCchip! (SoC)! approaches! drive! us! towards! a! new! era! of! microprocessor!scaling!that!combines!a!diverse!set!of!components!using!adaptive!circuits,!integrated! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 18 !For!a!description!see:!"Moore's!Law!won't!hold!true!in!6C8!years:!Chang",!The!China!Post!news!staff,!2011,! accessed!September!15,!2013!!! 19 ! Heat! sink!is! a! passive!heat! exchanger!that! cools! a! device! by! dissipating! heat! into! the! surrounding! medium! (Source:!Wikipedia)! !
!In!fact!it!is!not!the!SOI!that!is!important!but!the!highCresistivity! substrate!lying!underneath!the!buried!oxide.!The!next!generation!of!CMOS!node!implied!the!vertical! shrink!of!the!BEOL!together!with!the!decrease!of!the!metal!and!dielectric!thicknesses!and!of!the!metal! pitch!in!order!to!increase!integration!density.!The!solution!chosen!consisted!of!adopting!a!few!thick! metal!layers.!The!new!copper!metallization!scheme!was!developed.! In!the!meanwhile,!the!European!commission!announced!an!objective!to!improve!automotive!security.! They! started! a! project! called! eSafety! with! the! goal! to! enhance! and! implement! new! communication! technologies!like!radar!systems.!The!project!committee!announced!that!the!frequency!79!GHz!should! be! available! in! 2005! for! this! application.! The! choice! of! the! 60! GHz! frequency! was! based! on! the! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

BiCMOS9MW as an example of generic technology design

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 28 !LowCk!dielectric!is!a!material!with!a!small!dielectric!constant!relative!to!silicon!dioxide.!Insulating!dielectrics!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 29 !Scatterometry!is!a!critical!dimension!measurement!
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ABSTRACT

What is the best way to manage risks in exploration projects under both technological and market uncertainty? Existing strategies include minimizing technological uncertainties through market pull and market uncertainties through technology push or building an evolutionary path through either a trial-and-learning process or parallel trials. An alternative strategy for addressing unknowns is revealed in this paper based on theoretical analysis and is introduced through an analytical framework that integrates the logic of uncertainty and interdependencies management. This framework is applied to examine a set of exploratory projects at the European semiconductor provider STMicroelectronics.

The results demonstrate that a widely deployed trial-and-learning strategy can be risky and that its success depends on the cost of an initial trial. Furthermore, the proposed framework emphasizes a new "common unknown" strategy that allows for the design of a generic technology that is capable of addressing several emerging markets through management learning interdependencies. The introduced strategy provides a new method of technological platform development in the context of radical innovation. The findings from this study provide important insights into the management of unknown situations and clarify the capability of actors to coordinate exploration when both technologies and markets are unknown.

INTRODUCTION

Existing methods for risk management (RM) address specific forms of uncertainty. A project's chance of success is inversely proportional to the initial technological and market uncertainties. Under low uncertainty, project alternatives can be identified, and uncertainty management consists of making the optimal choice between possible decisions and probable states of nature. RM consists of choosing the most promising technology to address the needs of the more advantageous market by using various criteria such as subjective net present value (NPV), discounted cash flow, and the probability of market emergence. When uncertainty is high, probabilistic approaches are limited because probabilities evolve during the process of exploration and initially cannot be correctly estimated.

Under these circumstances, uncertainty reduction approaches are mobilized to reduce uncertainty. A decision maker cannot list all of the possible outcomes, and probabilities cannot be assigned; thus, the project must cope with high uncertainty. Management strategies entail reducing risks by fixing either market or technological objectives. In the case of market pull, risk reduction is based on the identification of particular market needs followed by a suitable technology design (Coombs, 2007). In the case of technology push, RM is based on seeking potential applications for new technological inventions through R&D, production, and sales centers (Linton & Walsh, 2008;[START_REF] Voss | Technology push and need pull: a new perspective[END_REF].

Regarding breakthrough innovation projects, firms often confront unknowns in conducting exploration. In this case, the level of uncertainty is so high that neither the level nor the list of risks is known. Defined as unforeseeable uncertainty in research by Loch and colleagues (Loch et al., 2008;Loch, 2006), this situation is characterized by a team's unawareness of an event's existence or its probability of occurring. The difference between unforeseeable uncertainty and chaos is that in a situation of unforeseeable uncertainty, the team begins with reasonable assumptions and goals. In R&D contexts, this scenario often corresponds to a "double unknown" situation in which neither technologies nor markets are known. In a double unknown situation, the nature of risks is unknown:

alternatives have not yet been formulated, and thus, their values cannot be determined. Markets are considered unknown because the product features that could make them successful are initially unknown (O'Connor & Rice, 2012). Nevertheless, markets whose ex ante probability of existence is rather low can become important ex post. Technologies are unknown because a variety of solutions might be designed for certain functions, but none of them exist. In this situation, which emerging will succeed and which technologies will be more advantageous remain unclear. Therefore, a "double unknown" situation is considered risky, difficult to control, and expensive, and the appropriate strategy is often to wait until the uncertainties related to certain aspects of the project are reduced.

In such situations, both market pull and technology push are limited because there is no market to pull or technology to push. Although the level of uncertainty is controlled by market pull or technology push to enable project selection (Barclay, 1992;Rothwell, 1992), these strategies do not integrate uncertainty reduction. If uncertainty is higher, then the selection criteria normally take uncertainty into consideration, the resulting technologies or markets remain at the lower level, and no learning occurs. In addition to technology push and market pull, other methods have been proposed to address double unknowns. One of the most advanced strategies involves first predetermining the market trial and then reducing unknowns through learning and product adaptation, a strategy called trial-andlearning (Loch, 2008;Lynn, 1998). By addressing unforeseen uncertainty, this strategy recognizes "unforeseen chance nodes" that can redefine contingent plans during exploration to maximize the probability of trial success. When the acquired knowledge from learning is used to develop other market alternatives with this strategy, an entirely new platform for novel business opportunities can be created. Thus, technology can become a platform for different contexts, creating between several previously independent markets through the process of learning and reuse (Loch et al., 2008). By interdependencies, we refer to the valid use of the same technological elements for different markets. By independent, we mean that the elements contribute to a particular function in their own way (Baldwin & Clark, 2000). In trial-and-learning, the choice of the first trial determines the interdependencies among all the subsequent tests and defines the learning direction. Therefore, the first trial conditions the structure of the interdependencies. Trial success highly depends on the results of this trial; however, no indications are given for how to choose a trial. Because of the high level of uncertainty, trial selection might be misleading, and a risk of path dependency may arise. It is important to stress that the trial-and-learning strategy does not necessary attempt to address multiple markets; instead, it is often necessary to reduce the scope of trials in order to decrease development costs.

Nevertheless, there exist alternative strategies whose success in double unknown situations is strongly dependent on the design of interdependencies. The literature on the history of economics of technology proposes different forms of interdependencies management (Rosenberg, 1994) through general-purpose technology development. General-purpose or generic technologies (GTs) are defined as technologies or platforms that can address several known markets and that can create new uses that are unanticipated at the time the technology was invented or discovered. Once developed, GTs resolve challenges associated with double unknown exploration. GTs increase exploration benefits, encourage growth, and reduce risk of failure by ensuring technology reuse by various markets. The value of GTs has been demonstrated from historical (Moser & Nicholas, 2004), economic (Bresnahan & Trajtenberg, 1995), and sociological perspectives (Powell, 1987). While GTs are generated from exploration, little research has focused on their design, and they are not generally treated as an RM strategy. In the trial-and-learning strategy, if a trial leads to the design of a platform, multiple applications could be developed as well. This strategy thus provides a type of evolutionary path for GT development. However, is it the only way?

The historical case of steam engines development helps to illuminate an alternative strategy. Steam engines are recognized as GTs (Rosenberg & Trajtenberg, 2004). A "continuous rotary motion" has been shown to underlie the pervasiveness of steam engines (Frenken & Nuvolari, 2004). The exploration of this technology did not follow an evolutionary path for technology development through trial-and-learning. Historical studies demonstrate that Boulton and Watt intentionally integrated the logic of rotary motion from the water wheel on a steam engine to enable the application of regular and cheap power to all industrial undertakings (Dickinson, 2010). This GT made the design relevant for applications with rotary motion such as spinning mules, power looms, driving machinery in factories, propelling transports, mills and mines, turbines, and steamboats. The GT arose from the specific innovation project that used rotary motion for energy transfer and, in turn, provoked new market explorations. The adopted strategy appears to have fostered market opportunities to a greater extent than it reduced uncertainties for known markets.

More recently, in the semiconductor industry, micro-electro-mechanical systems (MEMS) technology led to the following revolutionary developments across several industries: 1) arrays of micro-mirrors, which enabled digital film projectors; 2) accelerometers such as those in Wii controllers, which changed gaming; and 3) the iPhone 4, which became the first portable consumer device to incorporate a three-axis accelerometer, a three-axis gyroscope, and a three-axis electronic compass. A wide variety of industrial applications deployed in mobile, consumer, medical, automobile, military, and other industries were affected by MEMS and the derivatives of this technology. The development of this technology led to the creation of completely new uses that were unanticipated at its inception (Groen & Walsh, 2013). The pervasiveness and multimarket success of MEMS under double unknowns was achieved because the market and technology design followed neither market pull nor technology push strategies. Did the development follow a trial-and-learning strategy? Here again, the analysis tends to show that the designer this case intentionally targeted multiple marketing applications to develop GTs and thus maximized the number of relevant markets (Bryzek, 1996).

On the one hand, pursuing the development of a technology that maximizes the number of markets in a double unknown situation seems risky and costly; on the other hand, the historical examples show that winners often succeed by designing GTs and ensuring the existence of multiple markets (Maine & Garnsey, 2006;Youtie et al., 2008). Studies on how to design GTs for as-yet unknown markets are still lacking. This paper addresses this research gap by investigating the possibility of new strategies, which are more effective than trial-and-learning for designing GTs for unknown markets.

To comprehend the situation of double unknown management, this study follows the logic of the phenomena of identification and characterization (Siggelkow, 2007). The study aims to address a research gap arising from the absence of strategies when technologies and markets are still unknown.

By extending the RM framework to the trial-and-learning strategy and platform management, new ways of addressing unknowns and interdependencies related to double technological and market unknowns might be considered. This paper is organized as follows. First, the paper presents a characterization and identification of existing models in the risk and interdependency management literature (Section 2). As a result, a comparative framework is formulated to determine the research gap that is not covered by the well-known strategies. Second, the paper defines the descriptors that help to investigate abnormal strategies of technology and market matching and to characterize their performance (Section 3). Third, these descriptors are applied to empirical cases of advanced technology development in the semiconductor industry in order to identify anomalies that do not follow classical RM strategies. By analyzing two project portfolios, this study highlights situations in which a trial-and-learning strategy leads to risky exploration and inefficient learning interdependencies management. Market intuition can be misleading and can result failure.

Conversely, the proposed "common unknown" strategy performs better when the creation of interdependencies in multimarket, multitechnological environments is targeted. The common unknown strategy provides a new way to increase the generic character of GTs when designing GTs in double unknown situations.

framework for S 2 shares the same characteristics as the S 1 strategy but is applied to several projects, allowing for a choice when uncertainties are reduced. In this case, the aim is to select a T i ,-M i couple with a higher probability from the launched set of trials N: p

(S 2 ) = 1-p (M 1 T 1 , M 2 T 2 ,..., M N T N ) i =1 n ∏ .
Unlike S 1 , S 2 consider projects independently without considering the influence of project dependencies on the overall portfolio performance and aims to select a more valuable alternative.

Nevertheless, the importance of evaluating projects in relation to each other and the importance of interdependencies management are stressed (Elmquist & Le Masson, 2009). The third family of strategies attempts to account for interdependencies between projects. How are interdependencies considered?

Management in cases of known and unknown interdependencies

When the structure of interdependencies is known, a platform strategy (S 3 ) can be used. For instance, in the case of modularization, Baldwin and Clark (1997) propose that firms build market options while reusing the platform core and minimizing the risks of platform acceptance. Platforms represent the core of a technological system and must be interdependent with other parts of the system (Gawer & Cusumano, 2008). Baldwin and Clark (2006) demonstrate how a known platform can generate several options. They show that a system's total economic value can be expressed as the sum of a system value V (platform core) plus the incremental value V i added to the performance of each of the modules V 0 + ΣV i N . The system's expected value is the aggregated portfolio profitability.

Each module attempts to address different market derivatives in order to maximize the total economic value of the portfolio. The cost of portfolio exploration is predefined by the R&D budget. The portfolio manager must know the platform well to identify derivatives. The information needed for a platform-driven strategy is based on the existence of the platform core and the cost of developing each option. In this case, technological platform can be used in several markets, and value distributions can be estimated. The probability of the success of S 3 is defined by the probability of the success of all of the market modules M i made accessible by platform T 0 :

p(S 3 ) = 1-(1-p M 1 T 1 |T 0 )(1-p M 2 T 2 |T 0 )...(1-p M N T N |T 0
) , where N is the number of market options. In S 3 , the platform is given. An option can be selected among different available platforms k, and the goal is to identify a T 0 that maximizes system value through the creation of interdependencies between platform and market options. The platform with higher probability is chosen:

p (T 0 ) = max k =1 n T k .
The platform is considered to be independent from specific market needs but still provides access to them by creating interdependencies through complementary market exploration. To have potential as a platform, a technology or a product must perform a function that is essential to a technological system and that solves a business problem for many firms in the industry (Gawer & Cusumano, 2008).

S 3 is not usually related to RM, but it gives an efficient mechanism to reduce uncertainty. In S 3 , the reasoning is based not on technology-market success but on a technological platform's ability to address multiple markets. Nevertheless, contrary to the decision-making approaches, the effect of learning when dealing with platforms is difficult to evaluate. With double unknowns, which dependencies must be created to increase genericity and to develop a successful platform remain unclear. Criteria for platform success must be established.

S 1 , S 2 , and S 3 address various uncertainties (primarily variation and foreseeable uncertainties, according to De Meyer et al. and Pich et al. (De Meyer et al., 2002;Pich et al., 2002)). Notably, these strategies substantially differ from each other because they do not address the same objects (projects versus platforms), because they are not managed by the same actors (project managers versus platform leaders), and because they are not evaluated with the same criteria (success of a single project versus the aggregated successes of multiple projects). S 1 and S 2 treat projects independently; S 3 is based on the management of known interdependencies. With respect to highly uncertain situations, such as unforeseeable uncertainties or chaos (Pich, 2002), the use of S 1 might be impossible because all projects are too risky. One might still formulate hypotheses based on estimated probabilities of success, but this hypothesizing would change significantly by the end of the project. The use of S 3 strategy might be impossible because no platform may be available to use several times with limited costs. In addition, the existing literature on product platforms assumes that the platform leader understands the final use of products and that the platform leader is able to develop these new products (Gawer, 2010). This assumption is certainly invalid in the context of radical innovation when the platform core, market options, and thus interdependencies are unknown.

When confronting dynamic environments (Eisenhardt & Brown, 1998), periods of market booms and busts [START_REF] Zilber | Stories and the discursive dynamics of institutional entrepreneurship: The case of Israeli high-tech after the bubble[END_REF], and the emergence of disruptive technologies (Christensen, 1997), managers' ability to make real-time decisions based on known categories of problems and considered alternatives is limited. Firms are less able to rely on existing knowledge in such high-uncertainty situations than in established markets [START_REF] O'connor | Major Innovation as a Dynamic Capability: A Systems Approach*[END_REF][START_REF] Paulson | Evaluating radical innovation portfolios[END_REF]. The structure of interdependencies is unknown a priori, and uncertainties are associated with radical innovation; thus, knowledge creation is required in novel contexts. Below, we analyze strategies for interdependencies management in situation with high uncertainty.

Emergent or intentionally driven strategies for interdependencies management in double unknown situations

Interdependencies can be created through either discovery or more intentional approaches. In certain strategies, interdependencies management consists of accumulated learning. A trial-and-learning approach (Loch et al., 2008;Lynn, 1998) Under certain restrictions, this type of strategy corresponds to a real options approach and aims to exploit flexibility in sequential development [START_REF] Kogut | Real options pricing and organizations: the contigent risks of extended theoretical domains[END_REF]. Following an initial investment in a trial project, managers gather new information and can reorient and change the scope of that project (Huchzermeier & Loch, 2001). The knowledge that is produced in the first option enables managers to create new projects, as in SU 1 . SU 1 enables managers to organize exploration in situations involving unknowns by determining and subsequently developing trials. The primary goal of learning is to increase the probability of market and technology feasibility. When reuse is considered, the developed technology can serve as a platform for other market applications.

Empirically, Loch et al. (2008) apply the probe-and-learn method to the case of Escend Technology, a start-up. In this case, management teams systematically explored unknowns by making trial proposals for the market and investigated the nature of both markets and technologies. This process is generally shaped as an iterative process of successive approximation in which the design experiment phase is critical because it sets the boundaries and direction of exploration [START_REF] Loch | Managing the unknown: A new approach to managing high uncertainty and risk in projects[END_REF].

A hybrid strategy combining trial-and-learning with selectionism is considered when a project is subject to high complexity and unknowns (Lenfle, 2011). As indicated previously, with selectionism, several trials are launched to select the best solution. In this default strategy, the learning is not incorporated into the process. By combining selectionism with trial-and-learning, a more efficient way to acquire learning and to design interdependencies can be achieved. However, this strategy does not indicate how to define the set of trials in selectionism or how to incorporate learning from the different trials to determine a potential common core. With respect to GT design, this strategy remains heavily dependent on the initial trial selection, and path dependency remains a risk. Therefore, the analysis in this paper is limited to the independent examination of trial-and-learning selectionism.

In SU 1 , the probability of success is heavily dependent on the choice of the initial market trial M 0 with probability p 0 , which can be increased through the learning process and the development of technology T 0 . When this strategy considers the reuse of the accumulated knowledge to develop other market alternatives, the success of the other markets heavily depends on the results of the trial. The joint probability of success can be defined as

p(SU 1 ) = 1-p M 0 T 0 (1-p M 1 T 1 |M 0 T 0 )(1-p M 2 T 2 |M 01 T 01 )...(1-p M N T N |M 0... N T 0... N ) .
In the case of reuse, interdependencies are managed through consequent learning. This strategy aims not to increase the number of markets N directly but to increase the probability of the success of at least one market. This strategy is based not on the T 0 that addresses several markets M i as with S 3 but on a complex relation between multiple M i -T i couples.

A more intentional design-driven approach can be considered when the goal is not to choose the most powerful alternative but to generate options and to transform local possibilities into new opportunities through collective reflection. More generally, one can deduce a strategy of designing GT, T 0 *, that is capable of addressing multiple emerging markets M i . Is it possible to identify a strategy of technological development that maximizes the number of markets that technology will address or create (max N)? If one can design technological platform T 0 *, which can address several market applications M i …M N , the probability of success is as follows:

p(SU 2 ) = 1-p T 0 * (1-p M 1 |T 0 * )(1-p M 2 |T 0 * )...(1-p M N |T 0 *
) . Once a T 0 * is developed, the probability of success is high. For instance, consider 10 emerging markets with a 15% probability of existence. The probability of success for each of these markets is low, and following the classical logic of decision making, these markets will not be considered. However, if a platform attempts to address 10 markets, the probability of the emergence of at least one market is 1-(1-0.15) 10 = 0.803, which is high for unknown exploration. The aim of this paper is to identify a new strategy for double unknown management that facilitates GT design for several emerging markets.

Comparative framework-unknown and interdependencies management

To summarize, various RM strategies address different levels of uncertainty involving known and unknown structures of interdependencies. The deduced comparative framework suggests the following strategies (fig. 1):

1. For independent project alternatives a. when the level of uncertainty is low, risk minimization at the level of projects (S 1 ) can be used to prioritize different alternatives and select one;

b. when the level of uncertainty is high, selectionism type (S 2 ) can be used to select the most promising solution at the beginning of exploration.

For interdependent projects

with an existing platform core i. Platform driven (S 3 ) strategies can be used for risk and interdependencies management by reusing an existing platform core to develop various market options.

b. with an unknown platform i. Trial-and-learning (SU 1 ) or a combination of trial-and-learning and selectionism can used to build a trial project to develop a platform core and consequent options;

ii. A research gap exists regarding the appropriate strategy to a GT for multiple emerging markets.

Fig. 1 Comparative framework-RM strategies

The review shows that SU 1 is a pertinent strategy for double unknown management but that other strategies may be identified. Although SU 1 is considered highly advantageous, its first step of trial selection appears to be critical to the success of the strategy. If the trial does not lead to a successful market and if the developed technology is too specific to be reused in other markets, the strategy leads to failure. In a turbulent and complex environment with multiple market signals in particular, SU 1 can provide misleading information and fail to facilitate the integration of relevant learning. The performance of SU 1 in double unknown situations must be determined. Moreover, what could be an intentional strategy to generate options and develop GTs (SU 2 )? Can such a strategy be more effective than SU 1 in double unknown situations?

These strategies are not clearly identifiable because their reasoning is often constrained by classical market-or technology-driven strategies. Therefore, to address the research gap, the mechanism for observing and revealing the abnormal strategies in double unknown must be developed.

The goal of this study is to ( 1) identify an intentional strategy to generate options and develop GTs (SU 2 ) and ( 2) to compare the performance of RM strategies in double unknown situations through the nature of their risks and development costs.

RESEARCH APPROACH

This study aims to characterize a new phenomenon that the literature has not yet discussed. Thus, a case study approach is chosen (Siggelkow, 2007;Yin, 2003). The comparative framework allows existing strategies for double unknown situations to be considered and reveals possible alternative strategies for GT design. To fill the research gap, an analytical framework for data analysis is first proposed. Second, a set of exploratory projects at the European semiconductor firm STMicroelectronics analyzed to reveal the abnormal strategies of technology and market matching by using the elaborated framework and to characterize the performance of those strategies.

Unit of analysis-analytical framework of double unknown characterization

How can one organize and conduct exploration when both technologies and markets are unknown? Double unknown markets are considered unknown because their volumes and values are unknown and because their probability distributions are volatile (Oriani & Sobrero, 2008;Perlitz et al., 1999).

By examining developed technologies and obtained markets through longitudinal studies ex post, only successful markets that emerged through exploration are revealed. Thus, ex post-only strategies such as trial-and-learning are easy to reveal. Identifying more intentional strategies that address markets before transactions is difficult; therefore, to discover an anomaly in the design of interdependencies, a new data analysis instrument is needed.

As shown by the literature review, to analyze strategies that address the creation of interdependencies, we must detect and examine how interdependencies between technologies (T) and markets (M) are

designed. An instrument that avoids direct consideration of T-M couples and that enables us to identify the emergence of new T and M is required.

In this respect, markets must be described independently from products and technologies. This issue has long been addressed in consumer behavior theory [START_REF] Lancaster | A new approach to consumer theory[END_REF]. Since the 1960s, goods have been characterized by functions. New market applications can be assimilated as a set of functions F 1 , F 2 ,…F n addressed by goods . Each market M i can be described as the set of functional elements F 1 , F 2 ,…F n that it targets. Similarly, technologies be described independently of products and markets. In the engineering design and technology management literature (Akao, 1990), the value of technology is assimilated to functions F 1 , F 2 ,…F n by each technology T i . To identify a technology for a chosen market means precisely to address its functions. Technology is considered advantageous if it addresses powerful functions that result in market success.

To understand the logic of interdependencies in unknown situations, the notion of functions is used to verify and characterize technologies by the functions that they address and to verify and characterize the markets by the functions that they seek. The notion of functions is used to attract stakeholders and markets to technological concepts without the necessary technology description. According to the functional analysis of systematic design, [START_REF] Suh | The principles of design[END_REF] notes that when the goal is to create a design solution that does not yet exist, functions must be defined in a "solution-neutral" environment without interaction with the physical domain. Functions address an intermediate area between applications when designers are able to work on still unknown technologies and markets without necessarily determining them.

For instance, technology T k can address multiple functions F i and thus all markets M l requiring the subset of these functions. Conversely, a single market M k can be addressed by several technologies T l .

This exploration can be viewed as a matching of potential functions that markets seek and that technologies accomplish. Following the definition of technology push, predetermined technology T k can address multiple functions and thus all markets M i that require the subset of these functions.

Successfully developed technology T k pushes solutions to search for promising markets M l .

Conversely, needs that are predefined by markets M k are pulled to discover better technology (in terms of T l .

In a double unknown situation, there might exist T i that address the series of F j and some known M j and undefined M i that seek the series of F i (fig. 2). Each new subset of functions generated from the combination of F j and F i can be viewed either as unknown markets with very low probability or as unknown technologies. A new T-M couple exists when a new technology addresses unrelated subsets of functions F l and when this subset corresponds to a new realized market. T-M mapping through functions helps managers to verify the correspondence between technologies and markets.

Analytical framework for double unknown characterization

In the case of SU 1 , the goal is to identify a market trial M i that has a higher probability of success.

Despite the high level of uncertainty, the aim is to prescribe subjective probabilities to define a trial project. For example, there is a volatile market M 0 (which is still uncertain but has higher potential than the other markets) that seeks the three key functions F 1 , F 2 , and F 3 (see fig. 3). Exploration consists of designing a T 0 to address F 1 , F 2 , and F 3 and to increase the probability of trial existence P 0 .

Once T 0 is developed, M 1 might be realized by integrating a new function F 4 and thus by extending T 0 to T 01 . Technology T 0 is progressively extended to create a platform that addresses M 0 , M 1 . The platform establishes a common core T 0 that addresses essential functions, which is a common need for several players (Gawer & Cusumano, 2008).

Fig. 3 Trial-and-learning strategy representation

The proposed analytical framework for data analysis allows us to define the SU 1 pattern for double unknown management. Each new market exploration is based on technology advancement that is developed through a trial phase. New markets are created through trials by extending the list of functions pulled by markets.

The analytical framework remains sufficiently generic to imagine a variety of strategies to link the set of functions that markets seek and that technologies address. How can these strategies be evaluated based on the cost, nature of risks, and organizational implications? The existence and relevance of these strategies to double unknown management must be tested on empirical cases of advanced technology exploration, and their performance must be based on 1) the nature of the risks to be managed and 2) the development costs required to deploy the strategy.

Field relevance

Where can the anomaly be identified? In the semiconductor industry, a priori double unknown situations are not rare. The relevance of the semiconductor industry for exploring breakthrough innovations has been shown by various researchers (Cohen & Levinthal, 1989;Eisenhardt, 1989b). 

Data collection and analysis

The empirical study was designed as a collaborative case study (Eisenhardt, 1989a;Yin, 2003). We aimed to test existing hypotheses and to formulate new ones. To identify anomalies, the portfolio of advanced research projects (more than 400 projects clustered into 14 research groups) within ST was

analyzed. An anomaly can be identified when technology is developed independently from the identified markets, which signifies that none of the primarily identified markets is considered promising. The portfolio of research projects was chosen because of varied technological exploration and potentially varied application areas, which provide an important basis for testing new strategies for creating interdependencies between technology and markets. Clusters were primarily established according to the axis of technological development. Each cluster comprises a portfolio of collaborative R&D projects, PhD theses, and even business unit development projects.

The data were collected over an 8-month period from November 2010 through June 2011. For this study, the primary sources of data were regular, frequent semistructured interviews. We interviewed specialists participating in or leading technology development within advanced R&D technology and design groups, business units, and some of the associated external research centers, as well as former PhD students. Approximately 50 interviews were conducted over 8 months. In addition to data collection through interviews, secondary sources were reviewed. These supporting documents included European project reports, presentations, thesis manuscripts, project descriptions, and mail documents. The internal validity and reliability of the chosen methodology were achieved through triangulation of the project documentation and case study examinations. The triangulation was continued during derived analysis and feedback seminar sessions with company managers to discuss and test the validity of our hypothesis. This procedure enabled the continuous involvement of ST employees according to the guidelines of engaged scholarship (Van de Ven, 2007) and collaborative research (Shani et al., 2008).

The analytical model introduced in Section 3.1 was used to identify abnormal strategies within these projects. The first project portfolio screening allowed us to identify four cases (approximately 40 projects in 4 portfolios) and two of them were examined in further detail. The model allowed us to filter out projects that create interdependencies and that evolve over time. In the first case, trial-andlearning paradoxically resulted in the failure of technological development; the second case involved a portfolio that was difficult to interpret but that led to successful development. This case allowed us to introduce a new strategy for GT design, and the comparison of strategies helped us to understand under which conditions the proposed strategy is superior to trial-and-learning.

The first case study involved the development of the advanced bulk acoustic wave (BAW) technology targeting the mobile consumer market. The development of this technology was initially as an exploration project to increase the probability of success in the selected market. The developed technology attracted the interest of another market, and the team attempted to reuse its accumulated knowledge for this market. However, by progressively extending the list of functions for technology development after the trial-and-learning process, the team was not able to successfully introduce the solution to the targeted markets. This case helps to elucidate the risks of the trial-and-learning strategy under situations of uncertainty.

The second case study was selected from the semiconductor industry, where a high-frequency bipolar transistor with an ameliorated back-end [START_REF] Chevalier | High-Speed SiGe BiCMOS Technologies: 120-nm Status and End-of-Roadmap Challenges SiRF[END_REF] was designed to address all environment constraints and to provide several market applications with a low adaptation cost. In this case, while reusing existing technological blocks such as complementary metal oxide semiconductors (CMOS) and bipolar transistors, the team succeeded in introducing the new technology for use in several emerging applications. Our analysis first showed that the case was managed using neither a projectnor a platform-based strategy. Moreover, the team did not account for an exploration project to create a platform core. The team leader designed a platform exploration by identifying unknowns for several emerging markets and determining a potential common challenge for those markets. Instead of fixing the set of applications and organizing its exploration by minimizing the resources spent, the team inverted its reasoning by fixing the resources and maximizing the scope of considered applications.

Surprisingly, although the developed technology initially did not address any of the markets, it succeeded in 5 of them. This case was used to formulate the common unknown strategy. filter solution was a surface acoustic wave (SAW) T 1 filter that ensured F 1 and F 2 but that did not ensure integration into FEM F 3 or miniaturization F 4 (fig. 4). The team aimed to develop a solution for predetermined market M 1 by integrating filters and duplexers F 3 directly on the board to substantially reduce space F 4 and therefore the cost of solution F 1 . First, the team pursued a marketdriven approach to develop a new solution for promising consumer M 1 . Based on key functional requirements F i for future applications, the research team identified BAW technology T 2 that enabled the acquisition of the integrated F 3 , a multisynchronized FEM, which significantly reduced the size (to at least 4 times smaller than the commonly deployed SAW solution) F 4 and allowed for lowfrequency F 2 . The research group developed a solution according to a problem that was initially formulated in response to a particular client demand with an estimated subjective probability of success p(M 1 ,T 2 ). However, the required investment was much higher than the initially expected investment because special equipment (i.e., trimmer machines) needed to be developed and installed at a factory and because the initially identified market was not ready to pay for the solution.

DOUBLE UNKNOWN

The lack of interdependency with the market motivated the R&D group to continue exploring the technological potential and researching how to reuse the accumulated knowledge. The newly developed T 2 attracted the interest of a time-reference application M 2 , and the team attempted to reuse the accumulated knowledge to develop an integrated synchronized time-reference application. The BAW oscillator technology was smaller than the existing Quartz-type T 3 oscillator and enabled devices on FEM F 6 to be multisynchronized. Consequently, a technological platform T 2 was successfully created through the trial-and-learning process. However, in progressively extending the list of functions addressed by technology development following SU 1 , they did not successfully introduce the solution to the targeted markets.

Fig. 4 BAW technology development

Despite its attractive functionality, the BAW solution was unable to achieve temperature stability comparable to that of the existing Quartz solution F 5 and failed to fulfill its promising application.

Unknowns addressed in the first phase of technology development were poorly reused in the second phase; they were suitable only for the initially identified filter solution (fig. 4). The analytical framework reveals that the BAW development followed SU 1 in which the interdependencies were created on T 2 . This case demonstrates that uncontrolled residual risks arise based on trial selection. T 2

was not easily reusable for identified M 2 because the probability of its success depends on the results of the first step 1-

p M 1 T 2 (1-p M 2 T 22 |M 1 T 2 )
. The success of SU 1 heavily depends on the flexibility of the designed technology and the choice of the initial market. However, because of high market uncertainty, the initial trial selection could provide misleading results. This strategy could result in a rigid common core when knowledge from exploration is not applied to relevant market areas during the evolutionary path. With SU 1 , the risk arises that the exploration area that is selected at the outset is too narrow.

Common unknown strategy (SU 2 ): Bipolar CMOS platform development for mmWave applications (BiCMOSMW)

The purpose of Si-based BiCMOSMW technology T 2 is to combine the advantages of two types of transistors: the bipolar transistor T 1 for lower consumption F 1 , higher switching speed F 2 , higher gain, better noise performance and the CMOS transistor T 3 for integration F 4 , complex digital signal treatment F 5 , higher density, better performance for logic operations F 6 , power speed blocks, and control functions (fig. 5). Until 2002, the group was working on optimizing bipolar transistor T 1 for analog signal processing to meet the emerging 60 GHz standards. No particular client demand was apparent at the project outset. Initially, the elaborated technology did not directly address any markets.

Moreover, the technology was neither developed randomly nor required for existing markets.

The exploration team attempted to establish a complete list of emerging markets that might be attracted by future technological exploration. Several potential applications were identified:

automotive radar M 1 , optical communications M 2 , fast download application using emerging 60 GHz standards M 3 , hard-disk drive applications M 4 , and standard linear products M 5 . After identifying different functions related to each market, the team attempted to determine the functions that each market sought to address and aimed to define the functions that were common to all of them (F 2 , F 4, F 5, and F 6 in fig. 5).

Moreover, they listed the already available technologies based on 1 and T 2 and the functions that each technology could address. It is important to stress that none of these technologies directly addressed any of the identified markets. By adopting the trial-and-learning strategy, the research team could have worked on extension T 1 or T 2 by following the process of consequent learning to address the identified markets. Instead, they compared different markets to determine the similar functions that each market sought and the common needs that remained to be developed-the "common unknown". The defined common unknown concept could facilitate the design of GTs for potential markets. The team did not any particular market from the list but aimed to maximize the number of functions that the future technology could address by reusing existing technological blocks based on T 1 and T 2 .

Fig. 5 BiCMOSMW technology development

The exploration area was called "Wi-Fi for airport connectivity" because integrated all the functions that are needed for high connectivity and high density. The common unknown was determined to be learning dependencies that could connect different functions and technologies. In this common unknown strategy SU 2 , the resulting technological core was ultimately used to develop complementary modules that addressed specific functions of each market. All the emerging markets were addressed. Thus, the issue was not to address one trial or one more promising market but to address several of them-i.e., markets that made use of the common unknown. Finally, a technological platform was designed by using existing technological capabilities, and complementary modules were developed to address all the predefined markets. This example shows that in a double unknown situation, firms must not only understand the commonality of functions to address but also have a notion of their technological capabilities.

Because of the volatility of probability and value distributions, reasoning based on the probability of market existence and expected project value is risky and does not provide relevant information to select a dominant application. While considering the 5 applications identified for T 2 , assume that the probability of the existence of each market is less than 20%. In this case, the purpose was not to determine the probability of the emergence of a particular market but to determine the probability of the emergence of at least one market, leading to the following equation: 1-(1-0.2) 5 ~ 0.7. Thus, if a number of potentially interdependent markets exist and if a technology can address these interdependencies, common unknown management can be successful in double unknown situations.

Through technology reuse to develop remaining F 3 , F 5 , and F 7 , the developed platform addressed applications such as automotive radar, optical communication, wireless fast download systems, highspeed instrumentation, and noninvasive imaging. The common unknown concept allowed the team to explore common functions that address several markets with their fixed R&D budget.

In this case, the development was primarily guided by a technology line manager who was responsible for coordinating business units and R&D groups for researching and commercializing the assigned technology. The manager's technological and market competences made him particularly suitable for determining potential markets and related technological solutions and for guiding exploration team.

Case analysis and comparison

Common unknown strategy

SU 1 enables the evolution of consequent functions through trial exploration: interdependencies management is based on the consequent advancement of the trial project. In the case of SU 2 , there is an evolution functions that emerging technologies can address and that markets seek.

Interdependencies are created directly among various market alternatives. This strategy does not start with a trial project to create a platform core (as in SU 1 ); instead, various options for design platforms are determined in double unknown situations. The future platform is designed to ensure exploration.

Exploration is highly challenging in a double unknown situation because neither the options nor the platform core are known a priori. In the early stages of innovation exploration, a concept can be defined based on the interdependencies among future market derivatives.

SU 2 is based on the design of a technological platform that accounts for compatible functions and consists in the design of dependencies based on technological anticipation and simultaneous multimarket analysis.

Drawing on the case of BiCMOSMW technology development, this strategy consists of the following steps:

1. List the emerging market applications M 1 , M 2 ,.. M N , and identify key functional F 1 , F 2 ,.. F K elements that each application targets. Identify the essential functions F 2 , F 3 , and F 4 for different markets, and design a GT T 0 * to address these functions by mobilizing the existing technological capabilities T 1 T 2 (fig. 6). Paradoxically, T 0 * is of higher probability but does not correspond to any of the identified markets. The strategy thus differs from SU 1 , in which T 0 can have a lower probability but is related to M 0 with a higher probability.

2. Reuse a common technology T 0 * to address the remaining functions F 1 ,…,F k to fulfill considered or apparent market needs.

In SU 2 , highly competent actors required for reasoning through alternatives in a double unknown situation: these actors must be capable of identifying accessible knowledge based on future clients and common functions to determine a common unknown. The condition for the set of emerging markets to succeed is the common interest among them-i.e., the common core that is an object of RM. Thus, the criterion that can be used for common unknown management is the probability of the emergence of at least one market. To succeed, one must identify an accessible common unknown that creates interdependencies between emerging markets by using few resources.

Fig. 6 Common unknown strategy representation

Case study performance

The above analyses show that SU 2 , which typically appears to be costly and risky, leads to successful development and that SU 1 , which appears to be a natural path between project-driven exploration and market derivative creation, fails to address identified options.

In terms of performance, the examples reveal that SU 1 entails residual risks that are not controlled by strategy. These risks arise from trial project selection that might result in inadequate technology exploration. Such inadequate technology exploration is precisely what occurred in the first case study.

The chosen trial did not decrease the uncertainties that were relevant to future market derivatives because the exploration was limited to a particular identified market. Instead, expensive adaptation was required to address future options. When initiating development with SU 1 , a risk manager normally does not account for future market options that may be addressed because primary goal is the success of the chosen exploration project. This approach could result in a rigid common core that can rarely be reused by other market derivatives (table 1). In SU 1 , first, a trial with higher probability is predetermined p(M 0 ,T 0 ), and the cost of trial project exploration is paid C(M 0 ,T 0 ). This step is critical. Depending on the trial results, the cost of market modules

C (M i ,T i ) i =1 n
∑ may be smaller or may require significant adaptation and additional resources (see fig. 7). The probability of success is heavily dependent on the first trial exploration:

1-p M 0 T 0 (1-p M 1 T 1 |M 0 T 0 )(1-p M 2 T 2 |M 01 T 01 )...(1-p M N T N |M 0... N T 0... N ) .
As in the case of the BAW technology, the development of the time reference option required additional resources to customize the developed technology, and the company was not ready to allocate additional resources.

Table 1. RM strategy comparison in double unknown situations

Nature of risks Development cost

SU 1

Uncontrolled residual risks based on problem formulation could result in a rigid common core that is not adaptable to market derivatives. The inflexibility of the common core is due to the primary goal of the strategy, which is to increase the probability of a trial market, not to develop various market options.

Aggregated cost of alternative

development; cost of selected market exploration to construct platform core.

SU 2

Risk of formulating an adequate common corenot only to minimize uncertainties but also to maximize the variability of future compatible options-may arise. The primary goal is to address various market options.

Preliminary exploration cost to design a common core and to ensure a low adaptation derivatives cost.

In SU 2 , a risk of common unknown identification exists. This strategy attempts to avoid hypotheses related to associated contexts. Nevertheless, SU 2 entails preliminary exploration costs to determine the common unknown C(T 0 *) with a probability of existence p(T 0 *). p(T 0 *) is lower than the probability of trial existence p(M 0 ,T 0 ) in SU 1 . The probability the existence of T 0 * is low, but once it is designed, the probability of market success increases: 1-p T 0 * (1-p M 1 |T 0 * )(1-p M 2 |T 0 * )...(1-p M N |T 0 * ) (fig. 7).

The cost of adaptation must be lower to ensure the success of portfolio C i ~ ε and to easily valorize the technology across various market applications. In the case of BiCMOSMW, we found that costs can be controlled and that SU 2 can lead to successful development.

Figure 7 Costs and probabilities of SU 1 and SU 2

The RM aim to reduce uncertainty is not explicit with SU 2 . Instead, the variety of potential options must be increased. The common unknown is created based on interdependencies among emerging markets. For SU 2 , uncertainties for the selected exploration area must be minimized, and the variability of future options and design interdependencies must be maximized. Thus, this strategy appears to be attractive for addressing variable emerging markets but seems to be more expensive than more traditional strategies, such as trial-and-learning, market pull, or technology push. As shown in fig. 7, the applicability of SU 2 strongly depends on adaptation costs C i ~ ε. These costs must be sufficiently low to ensure that the platform core can be adapted for specific market modules, which limits the applicability of this strategy to industries involving modularity, such as semiconductor and nanotechnology industries. SU 1 and SU 2 in (fig. 7) are valid strategies when these conditions are fulfilled. When a single market has a higher probability of existence, the trial-and-learning strategy will have a higher likelihood of success.

RESULTS AND DISCUSSION

In this paper, an ex post analysis of the project portfolios at ST allowed us to select cases that exemplified the design of GTs for further investigation. The first case shows the limitations of the trial-and-learning strategy by demonstrating that the first trial can limit the exploration area and restrict the usefulness of the resulting technology in complementary markets. Consequently, the often attractive trial-and-learning strategy may be risky when the first trial leads to the development of a platform that cannot fulfill future markets. This strategy is preferable when there is a dominant application that can be addressed through consequent trial development. Trial-and-learning is an attractive strategy when market signals are high in value, stable, and derived from one market but when technologies are flexible. Thus, by adding new technological features, a wider set of functions can be generated by developing GTs for this market, and platform reuse can be ensured. Moreover, when technological alternatives are independent, the common unknown strategy does not lead to higher performance.

The second case presents a new possibility of platform design logic. This new strategy-common unknown-was demonstrated through the comparative framework of RM that accounts for double unknowns and interdependencies management. With this strategy, the objective is to address several different markets that could use a common set of core elements or a common unknown. By focusing on a broad domain of emerging applications, this strategy allows developers to maximize the number of markets that are by the platform under development. The strategy is attractive because of its flexibility, but it appears to be more expensive to implement than classical strategies such as trialand-learning, market pull, and technology push. Thus, the conditions that make the intentional design of GTs advantageous are defined. This study demonstrates that the common unknown is particularly relevant when markets are equally unknown or when equally weak and multiple market signals exist.

In the upstream phases of technology and market development, the creation of potential interdependencies can commonly be accounted for. Moreover, because the cost of the common unknown strategy is higher, this strategy is more relevant when technologies are easier to combine and recombine, which is normally the case in the semiconductor or nanotechnology industries. The proposed common unknown strategy provides new perspectives on the value management of exploratory projects. This aims at knowledge creation but controls costs and maximizes the likelihood that a platform is relevant for future markets. The common unknown strategy offers important insights for the literature on risk, interdependencies management, and platform emergence.

Both the trial-and-reuse strategy and the common unknown strategy require different visions and lead to different organizational consequences. The strategy of platform emergence by project exploration requires that firms organize between particular R&D and business units. This paper demonstrates the limitations of market-driven strategies for the creation of interdependencies in double unknown situations. In general, the portfolio analysis of the other projects at ST demonstrates that the common unknown strategy is less frequently used than trial-and-learning.

Similarly to trial-and-learning, the common unknown intentional strategy supports the design of GTs, although the former does so intrinsically. As this study shows, the proposed common unknown strategy is applicable in particular organizational contexts. The empirical work conducted at ST shows that the strategy's applicability is limited to certain contexts and that it requires specific tools and methods to reason in double unknown situations. Moreover, managers employing a common unknown strategy require specific competencies for reasoning in double unknown situations. These issues shape the directions for further research.

CONCLUSION

Theoretical and managerial contributions

The great need for successful innovative solutions requires exploration of both markets and technologies at the earliest stages of development (Backman et al., 2007). Inspired by successful examples of steam engines and MEMS, this research investigates the performance of strategies of double unknown management. An introduced in this paper, a new strategy based on the common unknown concept facilitates the management of double unknown situations.

The study demonstrates that in double unknown situations, both uncertainty and learning interdependencies management are crucial for successful development. In double unknown situations, existing or emerging technologies may not be able to be reused for the most promising market, or the most suitable technology for the most attractive market may not be able to be identified. Instead, in double unknown situations, existing knowledge must be used to design interdependencies amidst emerging technologies and markets. A manager employing the common unknown strategy must be able to imagine future technological platforms that, once developed, will change the knowledge structure to address existing and emerging markets. For instance, the design of rotary motion for steam engines provided many new applications for other engines (mines, mills, textiles, boats, etc.) (Youtie et al., 2008).

In situations of high uncertainty, firms tend to prefer more emergent and evolutionist strategies, such as trial-and-learning. These strategies are based on injecting learning into so-called emergent strategies (Mintzberg, 1990) (e.g., logical incrementalism [START_REF] Quinn | Strategic Change:" Logical Incrementalism[END_REF], incorporating the logic of action [START_REF] Starbuck | Learning by knowledge-intensive firms[END_REF]). Surprisingly, the common unknown strategy belongs to a more deterministic class of strategies and manages double unknowns in a more predictable way. This strategy is relatively comparable to the old classical strategy of "design school" in which the challenge does not entail choosing among alternatives but instead entails "generating options via collective reflection-inaction" (Garud & Karunakaran, 2013).

This research provides new perspectives on uncertainty management in exploration processes in emerging industrial sectors & Gardiner, 1989) that differ from risk reduction and that allow market possibilities to be designed through the identification and subsequent development of GTs.

Moreover, this study contributes to the field of innovation management in efficient delivery from the perspectives of multiple projects. By employing an original method of RM based on the identification of a knowledge gap to construct a common unknown core, a company can build its innovative capabilities [START_REF] Lawson | Developing innovation capability in organisations: a dynamic capabilities approach[END_REF] through knowledge management and thus place itself in a better position to innovate in emerging fields. Working simultaneously on marketing, firms can use technological and strategic inputs to enable stronger collaboration between R&D and business units.

Consequently, firms can enhance the value of proposed solutions and can decrease the risk of failure resulting from developing rigid technologies for nonprofitable markets in a double unknown situation.

Finally, this work demonstrates that GTs can be designed during the process of double unknown management. Confronted with the issues of contemporary innovations when a breakthrough is important, firms can use the introduced platform design strategies as an enabling mechanism to decrease risks when they pursue major innovation exploration. Importantly, most of the literature on platforms and platform strategy does not consider the logic of platform design [START_REF] Gawer | Bridging differing perspectives on technological platforms: Toward an integrative framework[END_REF]. This is thus an important, original contribution. The opportunity to design platforms and to develop new platform-based business models helps companies to ensure product variety and to reduce complexity product lines [START_REF] Pruett | Experience based learning in innovation and production[END_REF]. In addition, platform development through "common unknowns" might ensure that firms access external resources by opening up the platform and attracting complementary innovators within a supportive ecosystem. This paper is the first attempt to describe a way to identify the scope and contents of a technological platform. The common unknown strategy is an original method to define a platform core and to determine its scope.

Perspectives and limitations

This work identifies an original strategy for designing GTs through functional combinations and analyzes practical cases of platform design at ST. The common unknown strategy offers a functional approach to defining a platform. The notion of functions was used to examine double unknown situations-to describe projects ex ante by being unknown. The notion of functions allows markets that are still evolving and functions that technologies might offer to be described. From this perspective, an ex post description of functions facilitates an analysis of GTs. While seeking to design GTs in a double unknown situation, one must address function dynamics-i.e., how functions are added, how functions are changing, and which function must be considered for a platform core. Study of function dynamics certainly requires further research on the notion of functions and functional approaches for defining a platform core. Further research must provide more theoretical and empirical depth on the type of functions and their characterization in double unknown situations. For instance, specific knowledge domains that have well-defined functions might serve as building blocks for future technological platforms. Such a contribution must be more deeply rooted in the economic and organizational aspects of platform-based organizations [START_REF] Baldwin | The architecture of platforms: A unified view[END_REF][START_REF] Gawer | Bridging differing perspectives on technological platforms: Toward an integrative framework[END_REF].

Moreover, in addition to the trial-and-learning and common unknown strategies, other strategies can be developed. Further work should aim to identify effective strategies for determining the platform core in double unknown situations. Certainly, the implementation of the proposed strategy might be limited to certain industry dynamics (Farr & Fischer, 2007). This study demonstrates that the common unknown and trial-and-learning strategies perform differently in the semiconductor industry. The conditions and limitations of the strategies in double unknown situations should thus be tested.

Moreover, further research could lead to further investigations of the identified common unknown strategy to guide innovative portfolio management. For such investigations, we need a better understanding of the strategies' limitations, advantages, and applicability to other types of projects and industrial contexts.

This article opens further research avenues on problems associated with uncertainty management (Enkel et al., 2009;Gassmann, 2006). Who the entities and actors that are capable of piloting double unknowns? Should a single actor, an innovation board composed of marketing and technological experts, or separate cross-functional teams (Griffin & Hauser, 1996) 1 olga.kokshagina@mines-paristech.fr 2 pascal.le_masson@mines-paristech.fr 3 benoit.weil@mines-paristech.fr 4 mr.hassen.ahmed@gmail.com 1-4 At the Center for Management Science, Mines ParisTech, Boulevard Saint-Michel 60, 75006, Paris, France

The circumstances in which firms operate have moved towards novel and unknown environments, thereby fundamentally modifying the logic of decision making, rendering planning approaches inadequate. The literature highlights that in these situations companies have to adapt more flexible approaches, to incorporate learning and privilege interactions among projects and corresponding environments. Moreover, sector dynamic influences the choice of strategies under high uncertainty. There are sectors "pushed" by technologies or "pulled" by markets. In the situations of double technology and markets unknowns an interesting solution is highlighted: the design of technological platform that is able to address many emerging markets. Yet it is not self-evident when these strategies are advantageous for the firms that are subject to the environmental dynamics and pursuing double unknown. A simulation study has been carried out to clarify the contingent criteria in which the exploration of multiple technologies and markets could lead to platform design. The conducted simulation experiment reveals two main contingent variables: the existence of market signals and the "segregative" or "aggregative" nature of technological systems. The study endeavors to provide an improved theoretical understanding of double unknown management and the corresponding strategies.

Introduction

Faced with uncertainty and turbulent environments, companies are confronted with the case when both technologies and markets are unknown -called here "double unknown". In double unknown, projects interact in ways so unpredictable that no plausible range of management scenarios can be identified. This situation is often considered hazardous. There is a presence of multiplied uncontrolled risks and the exploration costs are hard to estimate. When multiple unknowns are present, plenty of technological alternatives and market applications might be imagined. They are all highly uncertain and therefore, it is impossible to evaluate their probability of occurrence, estimate risks and determine a winning candidate. Moreover, the chances of winning are inversely proportional to the initial uncertainty. This leads to reject the projects that cope with high level of unknowns. Still, in some industries such as semiconductors, nanotechnologies firms aiming to maintain their competitiveness over time have to organize exploration while controlling costs and risks in double unknown. In these cases do the project leaders suppose to deal with negative net present values or on what basis they have to make their decisions?

The question occurs whether "double unknown" could be somehow managed and when the companies have to pursue the axis of double unknown exploration.

Innovation management literature proposes either market pull or technology push strategies to deal with "unknowns". However, these strategies deal with singular form of unknowns (consequently technologyor market-based). Market pull strategy drives innovation when market needs can be determined and revenue flows can be forecasted. In this case the unknown is technology-based and the goal is to reduce technological uncertainties and develop a relevant solution for a promising market (Brem & Voigt, 2009). Conversely, technology push strategy tends to reduce the market unknowns associated to the commercialization of a known technology (Caetano & Amaral, 2011;Linton & Walsh, 2008). Both market pull and technology push assume existence of the market needs or prevailing technology candidates consequently and are limited in the situation of dual exploration of markets and technologies.

Exploratory learning theory and risk management suggest a more advanced trial and learning strategy to deal with unknown (Loch et al., 2008;Lynn, 1998;Sommer et al., 2009). A firm following this strategy should first identify a trial with the higher probability to succeed and increase this probability during the process of consequent learning. The series of probes often result in technological prototypes and solutions aiming to address a variety of market segments. When this strategy considers "reuse" of the acquainted learning, it might lead to a new platform creation for novel business opportunities. In this case, this strategy can be viewed as a consequent process of platform generalization. Yet, it highly depends on the success of a particular trial (Lynn et al., 1996) and therefore might be too unpredictable and costly while facing the unknowns in high-tech.

Following the logic of technological platform that addressees various markets through complementary modules development, Kokshagina et al. (2013) propose a more intentional way of platform development. Platform-based product development is known to increase variety, reduce costs and significantly shorten the development times (Gawer, 2008). To enable successful exploration of unknown environments, a strategy of developing a platform that by scaling its dimensions or substituting its modules is able to target various markets becomes attractive. Though, Le Masson et al. (2009) note that in the literature on platform strategy the nature of the platform is known in advance and prior research mostly focuses on platforms dissemination and commercialization. The proposed in (Kokshagina et al., 2013) strategy, called "common unknown", aims to identify a "common unknown" for several emerging markets by designing a platform and complementary innovations. The strategy is attractive in its flexibility, yet it appears to be more expensive than trial and learning, market pull, and technology push.

Both trial and learning and common unknown provide far more experimental and conventional methods to deal with double unknown. Common unknown offers an effective way of double unknown management through intentional platform design but it appears to be costly and the conditions that make this strategy advantageous remain unclear. In case of trial and learning, the performance of the strategy is not evident and the conditions when the "reuse" is beneficial need to be examined.

It appears that the criteria for projects selection and evaluation implied by different strategies differ significantly. In order to determine the validity of each strategy and reveal contingent criteria of their applicability, their performance need to be compared. This paper aims to clarify these criteria for the firms confronted with high velocity unknown environments. Hence this paper tackles the following research questions: what is the validity domain of strategies faced with various industrial dynamics? What are the relevant contingent criteria to detect reliable strategies and choose the one that will lead to higher performance and secure the investment in double unknown?

There is clearly a lack of theoretical insights on the nature of different strategies that are able to deal with unknown and their comparison. The lack of unified framework may be due to the complexity of the underlying phenomena as suggested in [START_REF] Lant | Managing discontinuous change: A simulation study of organizational learning and entrepreneurship[END_REF]. As shown in (Davis et al., 2007), the simulation study's primary value occurs in creative experimentation to produce novel theoretical insights. By using simulation research to compare different strategies (trial and learning, market pull, technology push, common unknown) in various techno-economic conditions and gain new insights, this paper demonstrates that there is a different set of rules and structure to ease the way strategies are managed in double unknown.

The built simulation model provides variation along two dimensions: market signals and the cost of technological reconfiguration. Market signals may be high or low in value, stable or changing, and coming from one or many markets. Technologies in turn may be "segregative," that is, difficult to combine with others, or "aggregative," that is, easy to combine and recombine. Automobiles manufacturing is an example of segregative technology; semiconductors and nanotechnology are aggregative technologies.

The proposed study puts into evidence the economic conditions and validity domain of identified strategies in unknown environments. The simulation results show that when market signals are high in value, stable, and derived from one market, and the technology is segregative, then a market pull strategy is advantageous, and there is no need to pursue platform development. In contrast, when market signals are high in value, stable, and derived from one market, but technologies are aggregative, then by adding new technological features, it is possible to penetrate a wider set of uses by developing a technology for this market. Trial and Learning is then the most advantageous strategy. Finally, when market signals are low in value, changing over time, and coming from multiple markets, and technologies are aggregative, then a common unknown or "platform" strategy is advantageous.

The paper is organized as follows. The second paragraph presents the theoretical background. This paragraph draws upon the literature on the innovation management strategies; from the classical techno push and market pull to the more sophisticated trial and learning or common unknown ones. It establishes the preliminary list of contingent criteria for strategies selection. The third paragraph discusses the theoretical background and the rationale of the model. Model attempts to compare management strategies in a large variety of industrial environments. The contribution of the proposed model is the configuration of the environmental landscapes that influence the strategies performance and their applicability in time. The fourth section is devoted to the simulation results and their interpretation. Finally, the paper concludes with general discussion and limits of the model.

Management strategies in turbulent environment and the relevant contingent criteria

The number of different factors normally justifies strategies' choice. For instance, driven by the idea of choosing the strategy that requires less investment for satisfactory results, (Beach & Mitchell, 1978) demonstrate that strategies selection is based on the type of problem, the surrounding environment and the characteristics of a decision makers involved.

Management strategies under risks deal with a fixed at the beginning set of alternatives and their associated probabilities. Their goal is to choose a best alternative using the estimated probability distribution and reduce uncertainty. These strategies deal with market knowledge that usually considers market success and probability of market existence along with technical knowledge in terms of development cost and probability of technology existence. The most common criteria used to evaluate the explorations are: subjective probabilities estimation (Chapman & Ward, 2003), project losses definition (Jaafari, 2001), variations in (De Meyer, 2002), project outcomes estimations (as net present value).

When uncertainty is high, one cannot just frame problem scope to a list of pre-selected alternatives, innovation managers have to be flexible and take into account emerging through time solutions. When technology is at the embryonic stage, entrepreneurs are often faced with both market and technology uncertainty. They do not know how technology will be deployed and what are the market segments that technology will address. In this case the choice of one technology to a more promising market is risky and several markets and technologies might be explored simultaneously.

When the level of unknown is high, strategies selection depends on the level of unknown, market and technological dynamics and their speed of renewal. The various type of uncertainty has to be taken into account: market uncertainty, technological uncertainty, environmental uncertainty, organizational uncertainty (Mu et al., 2009). These uncertainty levels can differ significantly. For instance, markets and technologies might be unknown (McGrath, 2001;McGrath & MacMillan, 1995;O'Connor, 2006). In these cases the goal is to minimize risks for particular market demand or market opportunity (market pull strategy [START_REF] Mowery | The influence of market demand upon innovation: a critical review of some recent empirical studies[END_REF])) or reduce risks by formulating a concrete technology proposition (technology push strategy).

Market pull is a customer need-driven model, which is based on close interactions of the marketing department with customers. When technology is unknown, market pull strategy is used to reduce technological uncertainty and obtain forecasted revenue flows (Brem & Voigt, 2009). Market pull is driven by the predetermined market areas or identified customer needs [START_REF] Chidamber | A research retrospective of innovation inception and success: the technology-push, demand-pull question[END_REF]. Markets are pulled by the estimated market value (through potential benefits, costs, probability of success) and by the nature of market itself. This strategy appears relevant when market signals are high and stable (see Table 1).

In contrast, technology push tends to reduce the market risks associated to the commercialization of a promising technology (Caetano & Amaral, 2011;Linton & Walsh, 2008). Technology push is a technology-driven model, which is based on the idea that scientists come up with a good idea or discovery. This is a situation where an emerging technology or a new combination of the existing technologies drive the innovative product and problem solution in the market place. Potential market applications are essentially unknown. Technology push implies the use of anticipatory and exploratory market research methods and is pushed by a more promising technology. Market potential cannot be derived at the early exploration stages. The strategy choice often depends on the technological character and the estimated costs of technology development (Table 1). (Das & Van de Ven, 2000) indicate that the nature of technology that can be novel or evolved and the nature of markets whether concentrated or dispersed, influence the firms' selection of consequent strategies. Technological and marketing contingencies affect the opportunity and constraints on innovation. Their nature and dynamics clearly influence selections of technology push or market pull strategy.

In double unknown the list of candidates is infinite and their probability distributions are equally volatile. The rate of new applications' creation and even new markets is high and market signals are dynamic [START_REF] Hill | Strategic Management: An Intergrated Approach: CengageBrain[END_REF]. Moreover, the speed of markets renewal and the success rates of radical innovation are positively influenced by the innovation speed (Goktan & Miles, 2011) and should be taken into consideration while dealing with double unknown.

For instance, Loch et al. (2008) suggest to use trial and learning strategy in the case of unforeseeable uncertainty and complexity. When Trial and learning considers reuse of acquainted learning to develop markets, it can result in the successful platform development. Still the criterion of success is mostly based on the value obtained through the trial exploration. Though, this strategy does not aim to maximize the number of markets to develop. Trial and learning promises the highest potential when unforeseeable uncertainty is high. Yet it is not clear whether this strategy seek for a trial with higher probability of existence or it attempts to incorporate further learning to develop a technological platform that creates value across several market sectors.

"Common unknown" strategy attempts to intentionally design the technological platform, which addresses several markets and provokes emergence of new applications. The benefits of this strategy were shown on the practical examples of platform development for several emerging markets in the semiconductor industry. The strategy is attractive in its flexibility, yet it appears more expensive than classical strategies since it comprises both the platform development and the complementary modules to address several markets. The platform development advocates modular architecture built upon a common core (Gawer, 2009). Common unknown strategy aims then to pursue modular design but in double unknown it is unclear what will be a platform core and how to ensure small costs of development. Moreover, it needs to be compared with trial and learning that can result in platform development as well.

Both common unknown and trial and learning incorporate learning, interactions among the market and technologies and enable to organize exploration in double unknown. They empower to develop platforms capable of addressing several potential future markets. These strategies incorporate learning and path dependencies. When the level of unknown is high, it is important to take into account the logic of learning and incorporate new alternatives. Firms should integrate strategic flexibilities that allow for spontaneous reaction for changing environments (Zhou & Wu, 2010). Path dependence occurs when the initial conditions are followed by a series of contingent (or chance) events whose influence on the path taken is larger than that of the initial conditions (Vergne & Durand, 2010). Trial and learning and Common unknown deal with complex technological exploration. Christensen (1997) indicates that technologies are becoming more complex and the integration of new features could be costly and challenging. The complexity poses some issues of technology adaptation to other markets and limits the possibility to easily develop modular architecture of platforms. The criterion to define the level of technological adaptation seems to be critical while dealing with platforms emergence.

The industrial environment itself influences strategies selection. According to (Christensen et al., 1998), it can be unknown or dominant design. In the case of dominant design, there exist leading technologies and actors that guide further explorations and predefine industrial dynamics. The unknown environments are more competitive, there are various technological candidates and the product portfolios are much more diversified (Kaplan & Tripsas, 2008).

Each of the presented strategies provides powerful mechanism for the exploration in unknown. Though, the criteria and the methods they use differ significantly. For instance, Market Pull and Trial and Learning appear to be driven by the market conditions. Technology push and Common Unknown consider the costs of technological exploration. Moreover, Trial and learning and Common Unknown consider interdependencies and measure the effect of learning to the strategies performance. While attempting to launch a new exploration, a strategy has to be chosen according to the initial industrial conditions. The goal is to reveal the contingent criteria that influence strategies performance and enable to achieve higher performance. This brings to the principal research questions: What are the criteria that enable to detect which strategy ought to be used for projects exploration? Which criteria facilitate the choice between strategies?

Strategies Preliminary Conditions Market Pull

Relevant when market signals are high and stable (Das & Van de Ven, 2000). Primarily used to commercialize technologies and replace the existing applications, markets (Walsh et al., 2002) 

Technology Push

Relevant in case market signals are absent, the suppliers are involved in the strategies determination, cost of technology development (Walsh & Linton, 2011) Trial and Learning Promises the highest potential when unforeseeable uncertainty is high (Sommer & Loch, 2004) Common unknown Performs better while targeting interdependencies creation in multi-market, multi-technological environments (Kokshagina et al., 2013) Table 1. Preliminary Criteria for strategies dominance.

Model

The complexity of the underlying problem is well suited to simulation modeling. The reason is twofold. First of all, simulation enables a powerful methodology for advancing theory and research on complex behaviors and system (Harrison et al., 2007). It leads to produce novel theoretical insights (Davis et al., 2007). Simulation tools enable to analyze multiple dependent processes simultaneously. They are considered as a good exploration strategy to examine the relations between the multiple variables and reveal the dominant criteria. Second, the simulation study was chosen thanks to the existence of important research results on the strategies that deal with novel and unknown environments provided both by the theory and qualitative research and due to the absence of the insights on how these processes interact with each other.

Modeling principles for unknown, interdependent and high velocity environments

A model is built to further compare these management strategies in a large variety of environments. There are two principal classes of models to account for unknown: 1) models that are based on uncertainty management techniques including real options (Camerer & Weber, 1992;Huchzermeier & Loch, 2001); 2) models that incorporate complexity and represent innovative projects as local search on rugged landscapes. The second class of models is mostly based on Kauffman NK model for interactions dimensions and is broadly applied to strategic decision-making (Caldart & Ricart, 2004;Gavetti et al., 2005;[START_REF] Rivkin | Imitation of complex strategies[END_REF]Sommer & Loch, 2004).

Decision-making models that include real options deal with uncertain dynamic environments (McGrath, 1997). Normally these models use Bayesian logic that considers sets of random alternatives evolving in time. These types of models neglect the interdependencies and consider rather simple landscapes. They consider strategies as decision-making policies to choose the more promising alternative [START_REF] Gunther Mcgrath | Real options reasoning and a new look at the R&D investment strategies of pharmaceutical firms[END_REF][START_REF] Mitchell | Managing RD as a strategic option[END_REF].

Complexity type of models deals with systems that comprise multiple interacting entities. Complexity is defined as large number of parts that interact in a nontrivial way within each other and external systems (Caldart & Ricart, 2004;Sommer & Loch, 2004). It is considered that organizations evolve by modifying their existing forms in an attempt to enhance their fitness value in a payoff surface [START_REF] Levinthal | Adaptation on rugged landscapes[END_REF]. For instance, NK model enables to deal with rather rugged landscapes where interdependencies shape complex environments (Kauffman, 1993). Though, in NK the system size (number of variables) N is fixed at the beginning and doesn't evolve in time (Sting et al., 2011). Only K, which is the number of elements of N, with which a given attributes interact is changing. NK considers rather complex but stable environments. Strategies are modeled as search strategies to maximize fitness value of the landscape. The simplest ones are strategies of local search, which is highly efficient when companies' business attributes vary incrementally (Caldart & Ricart, 2004;[START_REF] Rivkin | Imitation of complex strategies[END_REF]. In addition to local search, Caldart and Ricart (2004) enlighten strategies of search that 1) involve the adaptation of new corporate business models or simultaneous alteration of many elements N in the case of explorative activities with low exploitation level; 2) deal with explorative nature of activities without loosing the benefits of exploitation by manipulating the interdependencies (K) between different elements of N. In this case the goal is to find new unforeseen combinations of known but previously distant parameters. Global search models take into account the interdependencies and model complex strategies to achieve higher performance: trial and learning and selectionism (Sommer & Loch, 2004;Sommer et al., 2009). These strategies deal with complex landscapes. Though, the NK model behind does not consider the landscape evolution in time and the strategies' visibility is limited by initially defined configurations.

Since platforms are more probable to emerge in dynamic and unknown environments, the primary interest of this study is to apprehend the relevant strategies behavior in the environments where the time of technological development has the same order of magnitude as industrial dynamics. In the case of high turbulence, complex search models become irrelevant since their landscape is initially fixed and don't consider environment evolution. In double unknown the evolution of the landscape should be considered to incorporate alternatives that were not considered initially or emerged during the exploration process. Hence, the current model is based on the landscape reconfiguration. The goal is to test how strategies performance and their applicability change with the reference to the industrial dynamism in time. The model pursues to take into account dynamic environments as in the decision-making models and interdependencies as in the complexity models and enlarge it to the cases of double unknown management.

Technologies and Markets interactions

A developed model helps to introduce dynamic technologies and markets and test management strategies performance in high-velocity environments that are characterized by their dynamics, uncertainty and complexity (Eisenhardt, 1989;Wirtz et al., 2007).

The model is based on the interactions between technologies and markets. In engineering designing the end goal is represented as a creation of a product or a system that performs a function or functions to fulfill the customer needs [START_REF] Hirtz | A functional basis for engineering design: reconciling and evolving previous efforts[END_REF]. Dealing with technology and market interactions, we propose to make a parallel with technologies that perform certain functions that markets seek to address.

Markets definition

Markets are considered being unknown since their volume, value are unclear and probability distributions are volatile (Oriani & Sobrero, 2008;Perlitz et al., 1999). Even if their values are unknown it is possible to assume what might be the desired functions that future markets inquire. The issue has long been addressed in consumer behavior theory [START_REF] Lancaster | A new approach to consumer theory[END_REF] which proposes to characterize goods by functions. Following this logic each market can be assimilated as a set of functions F 1 , F 2 ,…F n it targets. The market is characterized by its functional and value dimensions.

The unknown nature of the market is taken into account by the volatility of market signals and corresponding functions, their turbulence rate. Market is determined as set of functions F i with associated potential profit, probability of existence and the estimated development costs to attain each function. New functions creation might lead to new markets. The set of markets in the model comprise the ones that the company is able to address, targets and those that are still unknown for the company. This set is represented as a set of F i linked by the market constraints.

Technology definition

In the engineering design and technology management literature (Akao, 1990), the value of technology is assimilated to the functions that each technology addresses. To find a technology to a chosen market means precisely to address its functions. Technology is considered advantageous if it addresses promising functions that lead to winning Technology is a set of physical elements that ensures certain functions F i with associated development cost and probability of existence. Technologies can be characterized by their complexity and technological systems dynamics. As this paper deals with technological platforms, the technological elements and their substitution modularizations have to be taken into account. Two types of technological architectures exist: modular and integral (Baldwin, 1997;Baldwin, 2006;Sanchez, 2004). Lenfle (2011) indicates that the more modular a technology or a product is, the easier it is to combine its elements. Thus, in case of modular architecture the capacity to link two technological elements is high and therefore the cost of reconfiguration is low. In case of integral architecture, the goal is to choose a more performing solution without seeking for a capacity to link them since the costs are high. This capacity to combine technological elements appears to be critical while dealing with platform design. It defines the way of interaction between technological elements and its path dependencies.

Apart from integral (high costs of reconfiguration) and modular (low costs), other more or less modular or integral solutions should be considered. The capacity to link the technological elements is characterized in the model with an associated cost and a probability of creating a dependency. This capacity evolves in time and depends on the internal firm capacity and the associated sector dynamic.

Moreover, each time the new dependencies are ensured, the technological landscape is changing. To model various capabilities of technological configuration, several configuration criteria were proposed (see Appendix A for detailed description of criteria).

Technology and Market Interactions

A wining solution is described as a technology and market couple with higher probability of success. Even if the classical notion of technology-market couples is used, it is stated that the relations between them are not evident in case of unknown environments. There are strategies that deal with multiple technologies and multiple markets coupling by interdependencies creation.

When dealing with innovative exploration, the interdependencies management is becoming crucial for projects success (Elmquist & Le Masson, 2009). Since the strategies are dealing with interdependencies creation, the model needs to see how these technology (T) and market (M) interdependencies were designed. The interdependencies help to clarify the interactions between functions that drive each market and can be addressed by the existing or emerging technologies. The goal is to rethink the structure of interdependencies of different alternatives in order to develop platforms or specific technologies depending on the emerging market needs in highly volatile environments. The notion of functions exists both in functional and technological domain. The relation between technologies and markets is defined via functions. In the model, the combination of functions can characterize a technology or lead to win a market. So the market is a combination of functions with certain probability of success and technology is a capacity to combine these functions with an associated development cost. Each new subset of functions generated from the combination of F j functions that each market seeks to address and F i that technology can develop can be seen as unknown markets (markets with very low probability) or can be seen as unknown technologies. In addition, functions evolve in time; they can be created or addressed by competitors. A new couple of T -M exists when a new technology addresses unrelated subset of functions F l and this subset corresponds to a new realized market.

Defining the environment in the model consists of setting up the rules that guide the interaction and the evolution of the model's objects: markets and technologies. The notion of the environment includes all elements, factors, and conditions that have an impact on the choices made, when applying a management strategy. For more details on conditions see Appendix A. The criteria taken into account in the model are compliant with the section 2.

Strategies choice in unknown exploration

Ideal strategy

There are endogenous and exogenous criteria that influence markets and technologies evolution (see Appendix A) and various forms of management are possible. The initial landscape of existing technologies and markets defined through functions that correspond to technologies or markets and their interaction is rugged and plenty of local optima can be defined at time t. In the proposed model the goal is to develop technologies that fulfill promising functions and result in gaining at least one market. These technologies are based on the technological reconfiguration and aim to reuse the already existing technological elements. The higher number of technological elements and their reconfiguration the company is capable of developing, the higher its theoretical chance of attaining several markets. If the budget is infinite, then the goal is to find an optimal path to construct all the links between the future and the existing technological elements. The algorithm is similar to finding a minimum-spanning tree for a connected weighted graph. It finds a subset of the edges that forms a tree that includes every vertex (i.e. every technology), where the total weight of all the edges (i.e. the total risk of the unknown technologies) in the tree is minimized. Though, the budget is limited and there is new knowledge emergence in time and the existence of residual unknown.

Strategies under constraints

Under the budget constraints search algorithm to develop all the connection is too costly. In addition , technologies and markets evolve in time. The goal then becomes: given a budget of an R&D exploration and commercialization, which technological elements should be developed to have an access to a larger amount of markets? In this representation strategies are the algorithms that define how this goal will be achieved by taking into account the endogenous and exogenous criteria. The following strategies were modeled: market pull, technology push, trial and learning, common unknown. The principles of strategies modeling are described in Appendix A.

Taken together, there exist various industrial environments defined using associated criteria C i (Appendix A). Each environment contains N technologies T i and there is a capability to develop new technologies T j through the combination of existing and emerging ones. This technological portfolio targets both the established markets M i and leads to a creation of new markets M L . There is a list of strategies that companies can adopt to account for higher performance in these environments. The performance represents a function of the expected outcomes and the state of actions.

the budget constraints, existing and emerging T j and M i , given the set of strategies, which strategy the company should choose to obtain higher performance in terms of benefits?

Simulation

Data and experimental design

Simulation is conducted by defining environments through combinations of identified objects and criteria. These environments determine the initial conditions for the simulation. The strategies including a random strategy determine the actions of the model.

A simulation plan comprises different experiments to be run to identify the environments when each of the strategies is dominant. Each strategy is tested using various criteria in order to reveal the contingent criteria. The simulation begins with the object definition.

Each scenario was tested during several time periods. The time period is a period that follows the decision making for a particular budget allocated for this period. The time period varies with industrial sectors. For instance in the semiconductors industry a time period is generally two years but in the nuclear industry a time period could mean ten years. When running a dynamic simulation the initial data for the time period n is the result of time period n-1. Moreover, the possibility of reallocating the remaining budget of time lap n-1 to the budget of time lap n is introduced.

After each time period, the new budgets can be reallocated; technology and market lotteries were performed, new technologies, markets and functions added randomly or considering path dependency effects to ensure the landscape evolution in time. The market lottery determines whether the development was successful or not. The lottery is played in all the M i . The lottery determines randomly the markets that are addressed by competitors at this time period. If the markets that the company attempted to address at the current time period pass the lottery (meaning that the competitors did not succeed at addressing these markets first), the firm generated the benefits and the development is successful. In the current version of the model, each market can be addressed only one time.

The technological lottery has a purpose of testing technological feasibility and performance. It determines whether the technology that the company develops offers a greater performance that the solutions that already exist in the markets. To play the lottery a number 0<x<1 is randomly generated. If x ≤ p i probability of technology development then the exploration can be considered successful. Otherwise, it leads to a failure and the loss of the invested money.

The simulation run is repeated for a variety of environment conditions and criteria combinations (see Appendix B for more details on simulation algorithm). The aim is to reveal the conditions where each strategy has the best performance meaning higher average profit. For each strategy the number of parameters were considered: technology development costs, costs of reconfiguration for the remaining technologies (to determine the capacity to create platform that addresses several market applications), risks, market expectations, percentage of the markets that strategy was capable to win (both for the existing dominant markets and the emerging), profits average value and its deviation. The performance includes both the outcome and the costs of the actions.

The initial experiment enabled to define the criteria configurations when each strategy has higher performance (in terms of profit). This experiment consisted in varying the initial criteria. For each combination the model was run during 5 time periods and repeated at least 20 times to reveal the preliminary scenarios where each strategy has higher performance These configurations resulted in determining 4 scenarios where each strategy has higher performance (see Table 2). To confirm the validity of the established scenarios and their statistical significance they were tested on the bigger set of data. For each scenario 40 trials (Scenario 1) or 100 trials (Scenario 2,3 and 4) were carried out. Each strategy behavior was observed through 5 time periods. The simulation results enabled to define conditions where each strategy accounts for higher performance (see Appendix C).

Insights gained based on simulation study

Two-sample t-test, was used to analyze two population means based on independent samples from the two populations or groups. We test the null hypothesis that the samples come from populations with equal means, against the alternative that the means are unequal. The results obtained from the analyses are given in Appendix C.

Regarding Scenario 1, the t-tests for independent group indicate a significant preference for Market pull strategy (M = 23785.2, SD = 10842.5) over Common unknown (M = 2188.5, SD = 3176.5), conditions t( 40 Scenario 2 represents a configuration when Technology push (M = 106.5, SD = 379.9) approach has the best performance. The use of average capacity to combine technological elements slowed down the performance of Common Unknown strategy because the costs of technological configuration were high (M = 106.55, SD = 379.9), t(100) = 2.9, P***= 0.0045. The low speed pf market renewals, low probabilities of market existence and unknown type of the environment decreased the performance of Market Pull strategy (M = 94.5, SD = 335.6), t( 100 

Findings

Conditions of strategies applicability

The simulation results confirm that in scarcely innovative environments the market pull strategy (Scenario 1) is superior when there are dominant markets signals. This model is compliant with the literature findings and confirms that market pull is relevant for the environment with reliable, high market signals. The technological compatibility is less important or difficult to establish in this case and one can account for integral architectures. We define the technologies that are not easily compatible as "segregative", meaning that they cannot easily incorporate new functions and be combined with other technologies (interdependencies are expensive to design), learning does not occur (Table 3).

The similar trend is observed in Trial and Learning strategy (Scenario 3), which is based on market signals as well. Though, Trial and Learning is relevant in the dynamic unknown environments market signals are weaker, speed of market renewal is higher and therefore learning process becomes crucial and path dependency actually determines how the learning path following the trial exploration. In this case technological compatibility is more important; this strategy is limited when the technological character is segregative. Technologies have to be more flexible to easily integrate new functions -"aggregative" technological character. In case of aggregative technological character the costs of reconfiguring technological parameters are low -modular architecture might be thought. Once technology is aggregative, Trial and Learning dominates Market Pull, which is compliant with the existing literature. The criterion of technological aggregativity was revealed as an important one for strategies selection in dynamic unknown environments.

For instance, technology push (Scenario 2) confronted with dynamic environments seeks for high technological compatibility and its value but does not include market signals at the beginning of exploration. Common unknown strategy (Scenario 4) appears to be beneficial ones the markets signals are weak but multiple and dynamic, technologies are aggregative meaning that they are flexible and can easily incorporate new functions. The adaptability costs are low.

The model endeavor that two contingent criteria are important for strategies selection: the existence of market signals and its strength and the technological systems that are more or less segregative. The two contingent criteria of "market signals stability" and the degree of "technological aggregativity" are formulated as the combinations of the most important criteria from strategies scenarios. The model shows that they influence at most strategies performance (see fig. 3 andtable 4). 

Technological character Aggregative Technologies Segregative Technologies

Table 3 Conditions of strategies higher performance

Towards technological platform design: on the notion of aggregativity

The findings reveal that the technological platform design is relevant for the novel and unknown environments where reliable market signals are absent and technological systems are aggregative. Moreover markets signals should be multiple and dynamic. Trial and Learning is relevant for platform design when a trial market can be identified and the developed path dependent technology can be flexible to "aggregate" emerging markets complementarities. Common unknown is advantageous for platform building when multiple market signals drive the aggregative technologies exploration through interdependencies creation (Fig. 1).

Both common unknown and trial and learning strategies lead to develop a technological platform that addresses variability of market complementarities and need to incorporate the logic of market evaluation when uncertainty is high. This development cannot adapt the criterion of more profitable market or highly performing technology since it seeks for a technological core suitable for newly emerging markets and the level of unknown is high. This, in order to account for platform, the development should be pursued when the uncertain environments are characterized by the absence of reliable market signals but the high probability of their emergence in the future (multiple signals). The critical parameter for technological platform success is an aggregativity of the emerging technological systems. Our definition of aggregativity corresponds somehow to the definition of [START_REF] Wimsatt | Emergence as non-aggregativity and the biases of reductionisms[END_REF], who determines aggregativity as non-emergence of a system property relative to properties of its parts. Aggregativity attempts to "bring different things together into total, whole mass or sub-total, forming a total". In technological context, aggregativity corresponds to the technological ability to integrate new features by combining technological building blocks with lower resources.

For instance, the industrial environment of electronic industry appears to be fast-paced, highly dynamic, attempting to propose new radical innovation and create new technologies, new products to ensure their long-term growth. This industry is driven by high competition, explicit needs for technological innovations and cost reduction. To pursue easier integration and design flexibility within complicated supply chain and product generation change, industry is become more modular and standardized. The industry aims to preserve its capacity to mix and match new knowledge areas and technologies to diversify their portfolios and thus, companies aim to presume their aggregativity level.

Contribution and discussion

Theoretical and managerial contribution

Great need of successful innovative solutions to justify high investments in R&D and manufacturing requires exploration of both markets and technologies at the earliest stages of development (Backman et al., 2007). This work aimed to investigate the conditions which lead to a successful management of double unknown and technological platform design that is capable to build value across different market areas.

The model that takes into account novel environments has been developed and a simulation analysis has been conducted to determine the contingent criteria. The proposed in this paper model incorporates the evolving in time environments, deals with interdependencies creation. It aims to investigate performance and conditions of different strategies in the situation where the industrial dynamic has the same order of magnitude as the time of development. Given the high turbulence of the scenarios, the search strategies in this paper are less powerful than in complexity type of models. One of the implications of the model for managerial decision-making is concerned with the nature of uncertainty and associated environments that influence the strategies selection.

Our findings propose the contingent criteria that determine strategies' applicability in highly uncertain environments. They provide important insights to practitioners in the process of managerial strategies selection. The identified here conditions lead to clarify the dominance of certain strategies in respect of the various industrial dynamics (Farr & Fischer, 2007). For instance, common unknown could account for higher performance in unknown environment of the semiconductor industry and market pull strategy could lead to higher results in integrated automotive industry when market needs are clearly defined. While the importance of market character was obvious for the strategies selection, the revealed by this work technological character appears to be crucial while pursuing multiple technological and market exploration in novel environments.

The aggregative character appears to be crucial to account for higher genericity. For instance, the industrial structure of semiconductors permits them to account for highly modular technologies, which could appropriate the increasing number of function with controlled costs. On the contrary, the segregative industries, like traditional automotive sector, are limited in their way of incorporating new functions and easily positioning on new markets. When the industry appears to be segregative, the design of technological platform appears to be more challenging and often not pertinent. The defined contingent criteria are not just the evaluation criteria on whether the platform design can be pursued. They can be considered as an opportunity for action: i.e., certain technological characteristics are more segregative than others, so may be one can consider how to change them. In this perspective, there exist more explorations of the aggregative nature within the semiconductor industry. The technological components became cheaper, more compatible and the interdependencies are easier to design. The companies are even proposing to the customers to build their own electric vehicles in couple of hours, which completely change the nature of the technological development within the industry.

The results indicate that the technological platform design models are more beneficial when companies are searching for competitive advantages in long term. It was shown that market pull often dominates initially but their performance decreases drastically after third time period when the environment is unknown.

This work provides important managerial recommendations for practitioners attempting to explore both new uses and technological phenomena, which is especially relevant for turbulent environment and high rate of competition in high tech industries (Duysters & Man, 2003;Tierney et al., 2012).

Moreover, it contributes to the field of innovation management on the efficient benefits delivery from a multiple project perspectives.

Further research and limits

The simulation model constructed in this work compares strategies performance. The advantages of the proposed model are dynamics of market signals, ability to model technological and market interdependencies, novel type of environments and their evolution in time.

The results obtained through simulation invite to model closely the relations between the environments and the undertaken strategies that will allow gaining new insights and achieving more context-specific results. In this matter the model might incorporate more sophisticated environments by using the data from practical cases. Moreover, following every time period, market re-identification can be added. The current version of the model only comprises new market generation and their extinction when the market lottery is unfavorable. The existing markets updates including their type, the level of uncertainty, the associated costs could be considered after each time period to account for more realistic environment. In addition, the competing technologies could be added. In the current version each function can be addressed only by one technology. Further research will attempt to overcome the main limitations of the model by using the larger samples. Using a data corresponding to the real populations could provide important insights.

The defined criteria for technological platform design invite to reconsider the decision-making criteria in case of double unknown and further work will be undertaken to properly define revenue models suitable for platforms and generic technologies development.

In general, the transversal nature of technological platform exploration poses challenges on their governance. Role of different stakeholders including associated business units, clients need to be considered in order to clarify the form of business model innovation suitable for generic technologies exploration. Further work is required to establish the role of managers able to successively estimate the external contingent criteria and implement relevant strategies to pursue exploration in double unknown. These research avenues should bring to larger application area of business models that deal with novel and unknown environments and adjust the model. (Landes, 1990, Moser andNicholas, 2004), economical [START_REF] Lipsey | Economic Transformations: General Purpose Technologies and Long-Term Economic Growth[END_REF], sociological perspectives (Powell, 1987). The investment in GT development is recognized as one of the instruments to deal with high marketing and technological uncertainty. Successful examples of GTs exploration are demonstrated through the analysis of electricity, semiconductors, steam engines, nanotechnologies [START_REF] Edquist | Technological breakthroughs and productivity growth[END_REF]Henrekson, 2006, Rosenberg andTrajtenberg, 2004). GT signifies breadth of application areas (Bresnahan and Trajtenberg, 1995) and is characterized by its technological dynamism. To account for GT, one has to design a platform that by definition incorporates the underlying core technology and facilitates development of a stream of market derivatives (Gawer, 2009). These platforms support generic technologies development, which create leveraged growth, market variety and high benefits. Various scholars investigated the impact of GT development ex post [START_REF] Edquist | Technological breakthroughs and productivity growth[END_REF]. Providing important insights on GT commercialization (Maine and Garnsey, 2006), market complementarities development, less attention was paid to generic technology creation. The goal of this paper is generic technology creation and more precisely genericity building. Following evolutionary approaches of technological change [START_REF] Nelson | !stresses!the!importance!of!balance!between!the!proprietary!and!public!aspects[END_REF]Winter 1982, Dosi 1982) that deal with path dependencies and consequent trial exploration, GT emergence can be achieved using trial and error mechanisms (Miyazaki, 1994). Generic platform development can be build upon a trial, where trials are often selected from the known list of alternatives. Then, is it possible to directly design generic platforms? Can the intention to build genericity be expressed ex ante? The aim of the current work is to understand whether there exists a design process aiming to build genericity. Dealing with the issue of GT design, formal design theories are used in the paper. The study shows that formal design theories provide powerful mechanism of genericity building when the environments are initially fixed or still unknown. Literature review enables to highlight the importance of descriptors of existence domain to construct genericity in unknown. The introduced generic concept targets the existence domains that are not reduced to one solution but several of them that can be known or partially unknown. To demonstrate the possible extensions of applications range, different forms of domain of existence are used: the formal mathematical models and engineering models. The most recent C-K Design Theory is used to illustrate genericity building.

Paper III

How

LITERATURE REVIEW: DESIGN FOR GENERIC TECHNOLOGIES:

GENERICITY AND GENERICITY BUILDING

Generativity and genericity of design theories

Then, what is genericity and how formal design theories account for genericity building? Formal design theories aim to reach mathematical and logical rigor both to formulate hypothesis and to prove their findings (Hatchuel et al., 2011). The following theories were selected for the study: General Design Theory, Axiomatic Design, Coupled Design Process, Infused Design, Concept-Knowledge design theory. It was shown that design theories are theories of generativity (Hatchuel et al., 2011). Generativity is defined as a capacity to describe the set of various alternatives; it is an "ability to produce novel design proposals". Design theories had to think beyond pure combinatorial processes and explore different forms of generativeness: dynamic transformations, adaptations, hybridizations, discovery and renewal of objects (Hatchuel et al., 2011). Generativity enables new objects creation with desired properties and ensures new knowledge exploration for their existence. Genericity seeks to integrate economic reasoning, enables the economy of knowledge expansions for new objects creation. It aims to obtain several solutions at once. Genericity is defined as a capacity to propose generic technological core that address set of environments in generative space. Genericity can be defined over generativity. Then, how was genericity tackled by design theories so far?

Design Theories and genericity

The design theories don't explicitly discuss technologies and genericity, but design solutions (Pahl and Beitz, 1995). In certain design theories, one design solution has to be robust to several known environments. The several environments, for which a solution has to be validated, is called here an existence domain. There are certain forms of genericity and technologies. In order to distinguish these notions of genericity and technology treated by each theory, the analysis of formal models is needed.

In the case of General design theory (GDT) (Yoshikawa, 1985) a design solution is an entity included in specifications and contains necessary manufacturing information (Reich, 1995). Entities are characterized through subsets that are either functions or attributes. The design process consists in designating a domain on the attribute concept space, which is included by that on a concept function space. The design process is limited to the combination of prescribed functions and structures following axioms of GDT. According to the theory, if the entity space has Hausdorff structure, we can address all the functional combinations. The problem appears when the space of attributes doesn't cover completely the set of functional combinations. Then Hausdorff correspondence is impossible to construct and all the functional combinations cannot be addressed.

It can be interpreted as a form of genericity associated to the set of functional combinations. The technology can be considered as the structure of attribute space available to address the function space in Table 1. The structure of entity space defines genericity. When structure of entity space has Hausdorff structure (ideal knowledge), maximum genericity can be obtained. If not, genericity can be conceived only according to certain subset of functions.

In Axiomatic Design (AD) [START_REF] Suh | A theory of complexity, periodicity and the design axioms[END_REF] the design process occurred in physical domain and functional domain. The goal of the designer is to built mapping between functional requirements (FRs) in the functional domain and design parameters (DPs) of the physical domain by selecting proper DPs to ensure FRs. In the axiomatic approach design is controlled by two axioms of Suh: the independence and information axiom. By obtaining the decoupled diagonal matrix of FRs and DPs, one can address each function separately or developed DPs can be changed according to each function independently. If a matrix is decoupled then the designers will be able to reach all the functional combinations. So in AD genericity is constructed on the set of achievable functional requirements. The technology can be defined as the set of FRs and DPs relations in Table 1. The higher genericity is obtained when the relations in between DP and FRs are ensured by independency axiom and the matrix is diagonal.

Both GDT and AD provide tools that are quite powerful to design GT. The form of genericity does not pose any problems since the environments are considered to be known and predefined in advance by the entity space or functional combinations. Genericity is described by the extension of the existence domain, which is defined by the set of all possibly described environments.

The Coupled design theory (CDP) (Braha and Reich, 2003) offers the way to organize design process of functions and descriptions co-evolution by transition in 'closure' spaces. Creating functional or structural closures at each design step enables to integrate new knowledge and consider functions emergence from 'closure' spaces. It means that in between functions there are order relations. This theory formalizes exploration in partially unknown spaces and closure operators lead to conceive not just existing functions but also their proximal refinement. CDP enables to treat genericity beyond initial functional combinations. Genericity can be explained as functions and new words -future functions candidates. The higher genericity is achieved thanks to closure operators. CDP incorporates unknown environments by consideration of new words and provides the attributes to facilitate the generic concept definition. This theory enables to deal with genericity induced by unknown in Table 1. Yet, designed process is limited by pre-established closure spaces. The operators of transitions in closure spaces ensure genericity, but the exploration of new functional sets is limited by proximal closure operations. Technology is described as functional and structural descriptions.

Infused design (ID) (Shai and Reich, 2004) permits not only to create functions and organize explorations in closed space proximity like CDP, but to integrate new knowledge from other disciplines. In ID instead of looking for closure functions, the goal is the common representation composed of model type and terminology (M, T) that accommodates all the original ones. The ID privileges transformations of original into reference problems. These transformations are based on mathematical operations of duality, generality, and equivalence. ID shows the possibility to construct genericity and not just to account for it. In ID the genericity can be defined as combination of classical genericity inside each problem and the form of genericity in between them. The first type of genericity is similar to the ones in CDP, AD and GDT. The second is ensured by transformation operators and brings the power of knowledge generation. For instance, duality operators enable the propagation of the previously unknown solution in between different domains. The nature of results is not known a priori. There is a form of genericity induced by unknown that relies several knowledge domains. Genericity construction is based on the operators and not defined over space. The existence domain is defined by the operators of propagation.

The knowledge circulation can provoke both new solutions and also new surprises and concepts (like face force discovery). The technology is the set of model type and terminology in each and across domains. Then, the genericity gain is ensured by obtaining generic solutions in each domain and their transfer across the disciplines using operators. 

Descriptors of existence domain

Genericity by reference to a fixed referential Genericity induced by unknown Defined over Space Genericity operators Concept -Knowledge (C-K) design theory (Hatchuel and Weil, 2009) doesn't use mapping in between functions and attributes. It defines the design process as a continuous refinement of a concept described by various properties P i that need to be met based on existing knowledge and producing new one. The design reasoning is based on the distinction and interaction in between two independent spaces: Concept (desired unknown) and Knowledge space (existing and available knowledge). In C-K the concept is defined as « There exists some object x for which a group of properties P 1 , P 2 ,..., P n are true in K » (Hatchuel and Weil, 2009) such that a concept is undecidable with respect to current K. According to C-K theory, creative design requires an expansive paritition. This partition will enable creation of new attribute(s) P' that was not initially an attribute of x in K. This theory models the integration of new knowledge and connections in between knowledge disciplines through operators of knowledge disjunction (K -> C), conjunction (C ->K), and expansion (C ->C, K->K) in Figure 1. In C-K technology can be defined as the initial K-space. Genericity goes beyond the validation of ex ante targeted sets of specifications. It includes all the new objects generated by K-reordering (as well as new concepts), i.e. by combination of the newly designed object with the previously known objects, the combination of the new and the old knowledge. As in ID, genericity is based on genericity building operators. More precisely in C-K theory it depends on K-reordering, which is defined as the operation of propagation that follows the conjunction emergence (C ->K): this is the effect of the newly generated knowledge, coming from the unknown, on the K space. Genericity improvement in C-K appears to be linked to the expansion strategy: certain design can enable limited K-reorderingobject identity preservation or the complete object reconstitutionobject identity discussion. To summarize, the existing theories give a tendency to predefine generic space that can be constructed through combination of known and unknown. The different types of genericity were identified: genericity by reference to a fixed referential in known and genericity induced by unknown. In case of known environments, GDT and AD provide powerful solutions. For genericity in unknown, it has been demonstrated that the design theories evolution brings the possibility to reason on unknown yet environments (CDP, ID and C-K). Genericity is defined over existence domain and there are various forms of descriptors of existence domain for genericity building. Genericity can be analyzed as a Hausdorff measure in an entity space (GDT), as an hypercube in vector space of FRs (AD), as a set of closure operators (CDP) in Table 1. The most generative formal models lead to distinguish genericity defined over a fixed referential (entity space, functional space, closure space) or obtained by operators that help to propagate and hybridize the new into the old, beyond the new validated conjunction. These descriptors can be 1) deduced from existing knowledge (as in case of duality operator in ID) meaning that the rules of propagation exist and are used for knowledge propagation or 2) can be conceived during the exploration. Literature review reveals different genericity building descriptors but their contribution to acquired genericity can be demonstrated only when the results are obtained. Then, how these descriptors of existence domain influence genericity construction ex ante? To tackle this question, it is important to properly introduce the notion of generic concept itself. A concept is called generic once it is valid for several environments. Obviously it should have an existence domain beyond a singleton and lead to explore multiple application areas. GT creation is often considered as progressive trial and error mechanism of genericity building. But can a generic concept be identified ex ante and how to ensure that it leads to GT creation? In C-K if an initial concept xP(x) is valid for multiple applications, the descriptors of existence domain (called here D) are already established. Following AD and GDT this concept is generic for multiple known applications. In ID and C-K there could be descriptors of multiple environments D, which, combined with the existing knowledge, could lead to new applications creation. Then, what is the form of D that leads to genericity creation? Can one account for genericity creation by adding D to the formulation of the initial concept: xP(x)D, Figure 1. It leads to formulate following research questions: Q1: What is generic concept ex ante? How does genericity depend on the descriptors of existence domain D? Furthermore, there should be a possibility to increase genericity. Q2: How to account for higher genericity building? To tackle identified research questions on genericity induced by the unknown, the Concept-Knowledge Design theory (Hatchuel and Weil, 2009) is used since it is independent from a particular engineering domain. The question of genericity improvement is tackled and different possibilities are indicated.
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GENERIC CONCEPT AND GENERICITY BUILDING The aim is to understand the mechanisms of expansive genericity. The work is conducted on modeling the necessary descriptors of existence domain. Following the previously defined hypothesis, a generic concept can be presented as xP(x)D. In C-K theory when one particular conjunction in space C is achieved, a new entity can be created P'. In K space propagation operators need to establish the relations in between P' and all the other knowledge entities K 1 , K 2 ,…,K n using the descriptors of existence domain d 1 , d 2 ,…,d n included in D. From one conjunction plenty of them can be obtained. Example: For instance, while designing a new car breaking system for the new Volkswagen XYZ, the existence domain is reduced to one type of car and obtained genericity is zero. The rules of compatibility of a breaking system have to be compliant with Volkswagen XYZ and thus, considered to be known (D exists in K). Conversely, if one seeks to design a new breaking system that can be substituted to all the existing or not yet created car architectures, the compatibility rules are unknown. They have to be conceived during the exploration process (D is unknown). Thus, generic power of concept is based on the association it creates in between new object and the elements of K basis. The two cases are examined: 1) D  K exists in initial knowledge basis, the descriptors of existence domain are fixed 2) D  K has to be designed and is unknown in K.

Genericity building in case of existing descriptors of existence domain

To study the logic of genericity construction in case of existing descriptors of existence domain, the cases with mathematical and engineering knowledge structures are investigated.

Illustration 1: Mathematical knowledge structurealgebraic extensions

In mathematics various extension operators could be interpreted as design (Hatchuel et al., 2012). The main idea of field extensions is to start with a base field and construct a larger field that contains the base field and satisfies additional properties. In case of algebraic extensions knowledge basis K is defined and propagation rules are ensured by mathematical operations of addition and multiplication in Figure 2. To extend the field Q of rational numbers, the initial concept type X: f(x) = 0 has to be solved. Variety of partitions can be obtained ensuring generativity of design space. For instance, taking x 2 -2=0, a polynomial of Q with rational coefficients. The roots of x 2 -2 =0  Qhence, there is an "unknown" object to conceive. It is possible to solve this equation by functional approximation. This algorithmic method allows to consequently build a √2 as a limit of a series of rationales. At the end a new xP(x) solution is obtained -√2. Its creation doesn't enable its compatibility with the field Q, since in Q there is a possibility to multiply and addition rational numbers only.

Figure 2. Algebraic fields expansion in C-K-theory

Following the theory of algebraic extensions [START_REF] Bastida | Field extensions and Galois theory[END_REF], another solution would be to find a nonzero polynomial type a k x k with a k  Q. The concept  X:f(x) = 0 contains directly Da core of polynomials Q[x]=a k x k with a k  Q. The algebraic extensions lead to work on a concept xP(x)D.

For instance, direct consideration of √2 from the field of real numbers R, enables to obtain solution. The obtained √2 can be propagated to new entities by combining the old Q with the new √2 through operations preserved from Q[x]. The descriptors D in this case are operators of addition and multiplication. It is important to underline that operators of multiplication and addition used to ensure knowledge propagation from Q to R exist in initial knowledge basis and preserved. Generic concept is obtained through propagation from √2 to Q[√2] using these combinative operations. In the case of algebraic extension, descriptors of extension domain D are given at the beginning. For instance, this propagation also generates similar entities. For instance x 2 -1 is equivalent to 1 because x 2 -1= x 2 -2 +1 and x 2 -2=0 or equivalent to x 4 -4x 2 +5 as x 4 -4x 2 +5 = (x 2 -2) 2 +1. Adding directly an extension field Q[x] to the field of rational number forms both a new solution √2 but also all the finite extensions of the field Q type Q{a+b√2| a,b ∈ Q}. The conjunction is made once all the rules of propagation are obtained. When D is added to the formulation of initial concept, it enables to obtain the set of solutions and not just a new number √2.

Illustration 2: Engineering knowledge structure -Steam engines development

To investigate the generic concept identification with engineering knowledge structure, steam engines example is chosen. Steam engine is recognized as a general purpose technology (Rosenberg and Trajtenberg, 2004) used in various domains as reciprocating pumps, spinning mules, driving machinery in factories, mines, propelling transports. In 1712 Thomas Newcomen dealing with the increasing need in energy, developed atmospheric engines that brought benefits to mills, but they were inefficient in terms of the energy use to power them. Handling this problem of energy loss, James Watt developed a steam engine with separate condensation chamber (1763). The main use was to pump water out of mills. In 1780s Watt's business partner, Matthew Boulton, an entrepreneur aware of the issues of the newly emerging industry (in particular iron work, through his collaboration with Wilkinson), had an idea to develop an energy source compatible with industrial systems like textile factories, driving machinery in Figure 3. According to (Dickinson, 2010) "Boulton created the environment which enabled Watt to work on the further instrument that brought steam engines from an apparatus for lifting water into one with an immensely larger field of application to general power purposes". He conceived existing knowledge on commonly deployed water wheel energy sources to ensure rotary motion between energetic source and the mechanism that uses this motion. In 1781 Boulton wrote to Watt: "we should determine to take out a patent for certain methods of producing rotative motion" (Dickinson, 2010). The conversion of reciprocating into rotary motion was facilitated by Watt's development of double acting engine which resulted in a more uniform movement of the piston and made this design state of the art for applications with rotary motions (Frenken and Nuvolari, 2004). The generic concept incorporated D based on the preserved system of water wheels energy transmission in Figure 3. The design of a set of entities was achieved through the identification of one descriptor of existence domainrotary motion (D). This concept is generic since it is compatible both with known environments, where the energetic source can be transferred by rotary motion, and with the extensive number of unknown initially environments. Furthermore, Boulton and Watt established standard units of measure for both the fuel efficiency (duty) and the power (horsepower), which lead to further diffusion and economic significance of engines. It is important to underline the effort on genericity adaptation. Once steam engine with rotary motion was designed, it took years to improve and disseminate them to the markets. E.g., first locomotive with steam power was introduced in 1804, 20 years after the invention of the first rotary engine. These examples demonstrate that what counts is the capacity to enable propagation, fabricate sets of the relations in between objects. Both algebraic extension and rotary steam engines use existing descriptors of existence domain to design new objects.

Genericity construction in case of designed descriptors of existence domain

In the second case D  K has to be conceived and is unknown in K. Then, how to obtain a generic concept in case of unknown descriptors of extension domain?

Illustration 1. Mathematical knowledge structure -complex numbers

The process of genericity building described in 3.1 stops when there are no more solutions for X: f(x) = 0 beyond the initial knowledge set. Consider f(x) = x 2 +1 Q(x). It is impossible to use fields of polynomials Q[x] as D. x 2 +1 =0 has no root in R, it is a maximal ideal [START_REF] Bastida | Field extensions and Galois theory[END_REF]. To extend it, one has to use the field of R[x]. Working on a closed field R, Cauchy (1831) extended Sturm's theorem to count and locate the real roots of any real polynomial to count and locate the complex roots of any real polynomial. Created by Cauchy extension can be interpreted as a descriptor D that leads to complex extension C = R[i], where i 2 = 1. The roots of f(x) are +/-i, and so f(x) splits in C; that is,

f(x) = (x+i)(x-i) is a product of linear polynomials in C[x].
In this case the logic of D renewal enables to build higher genericity that incorporates the field of complex numbers. It is impossible to obtain solution to f(x) = 0 which has no root in C. Following logic of polynomial operators, the maximal genericity is obtained. (Bryzek, 1996). In the last decade, MEMS have provoked revolutions in several industries: arrays of micromirrors enabled digital film projectors, accelerometers like those in Wii controller have changed gaming, the iPhone 4 became the first portable consumer device to incorporate a three-axis accelerometer, threeaxis gyroscope, and three-axis electronic compass. MEMS became a generic technological platform that enables the development of products, augmenting the computational ability of microelectronics with the perception and control capabilities of microsensors and microactuators, expanding the space of possible designs and applications. MEMS technology is the integration of mechanical elements, sensors, actuators, and electronics on a common substrate through microfabrication technology (D). MEMS development started in 1950s when silicon strain gauges became commercially available. Not far after this, Dr. Richard Feyman, in his famous talk "There's plenty of room at the bottom", described the tremendous potentials in the micro technology field. After the invention in 1967 of surface machining the first silicon accelerometer, micromachined inkjet nozzle were developed (Heeren and Salomon, 2007). In the mid 1990s two enabling technologies appeared. The deep reactive ion etching of silicon made possible to etch deep high aspect ration trenches into silicon. The development of silicon on insulator wafers enabled high quality silicon layers for micromechanical structure. Thanks to these technologies, the micromechanical components were fabricated using compatible micromachining processes to selectively etch away parts of the silicon wafer or add new structural layers to form the mechanical and electromechanical devices (D design). Through these innovative processes MEMS became a true GT and manufacturing platform. Thus, MEMS appeared to be generic when new descriptor D that ensures its propagation emerged. The genericity continued to be built. For instance, the emergence of microfluidics in the medical applications opens a lot of possibilities for MEMS in the drug delivery in Figure 4.

4

GENERICITY IMPROVEMENT While pursuing genericity, the goal is to maximize the number of environments GT will address. Then, how to account for higher genericity? Illustration 1. Mathematical knowledge structure -Field extensions Going back to the example of algebraic field extension, once new field Q(x 1 ) is designed, it can be spread in Q(x 1 ) (x 2 ), … these fields are consequently added -the new one is "bigger" than the previous with the condition that f(x n ) = 0 has no root in Q(x n -1). So having Q(√2), it is possible to proceed with X2-√2=0 which doesn't have roots in Q(√2) and generates Q(√2)(2^1/4) which is higher in genericity.

The "size" of the extended field depends on the initial concept. For instance, consider the polynomial x 4 2 = 0 over Q. It roots are 4 √2, -4 √2, 4 √2i, -4 √2i. x 4 -2 has splitting field Q(∜ 2, i) of the size 8 over Q. To write every element of this field, one need 1, 4 √2, 4 √8, 4 √2i, 4 √4i, 4 √8i, i and so the field size is 8.

Based on the root ∜ 2, the generated field is Q(

4 √2)={a+b 4 √2+c 4/3 √2 + d√2, a, b, c ∈ Q}, where Q( 4 √2)/Q has size 4. There is Q ⊂ Q(√2) ⊂ Q( 4 √2).
The extension will also depend on the K base. In Q, it is possible to provoke infinity of more or less generic extension. But in R, it is proven that all algebraic extensions of R are isomorphic to the field of complex numbers C.

Illustration 2. Engineering knowledge structuresteam engines

Drawing on the principles of engineering design, the design process can be accomplished through: planning and clarifying the task, conceptual design, embodiment design, detail design (Pahl and Beitz, 1995). Theoretically, it is possible to account for genericity improvement at each phase till the detail stage of design is achieved. Embodiment keeps technical specification and the goal is to ensure predefined volumes, which means to ensure compatibility with the identified environments. These are descriptors (D) defined at the level of embodiment (based on design parameters). In case of steam engines the compatibility with factory machinery was achieved through rotary motion preservation. Using the principles of engineering design language, the descriptors are defined at the embodiment level. Though, the existence domain can be defined at the conceptual or functional level as well. For instance, one could think of designing steam engines compatible with various forms of energy transmission. In this case, descriptors should be defined at the functional level.

Example: New automotive engine can be generic by being substitutable to the previous engine (keep the transmission logic, the peripheral components). In this case all interfaces, are kept equivalent (D preserved) and genericity improvement is based on embodiment. Otherwise, new automotive engine will require to create new interface rules to be compatible with a range of vehicle (the electric motor might lead to redesign the interface of air-conditioning, safety systems), incorporate other functions. Thus, genericity improvement is at the core of engineering language and can be achieved by functions or by embodiment.

RESULTS AND DISCUSSION

The evaluation of GT is often based on the number of markets it achieves, the benefits it generates. From the engineering point of view the genericity is characterized by the number of potential applications that technology will address, which requires reasoning in unknown. According to the first research question, the proposed study demonstrated that to be generic ex ante a concept has to incorporate descriptors of existence domain D. A generic concept has a form XP(x)D, where D ensures the composition of x with the existing knowledge domains and bring forward knowledge propagation towards unknown environments. It is demonstrated that generic concept aims at designing not only one entity but aims at generating a set of entities. The descriptors of existence domain D can be identified from the initial knowledge or conceived during the design process. Based on the knowledge structure they can take various forms: it can be mathematical operators in case of field extension or they can be associated with the compatibility of the object and associated environments in case of engineering knowledge. In case of genericity construction in unknown, the goal is not to obtain a new object through expansive partition but a new object that influence the existing knowledge domains and create maximal knowledge propagation. Having defined a form of D imposes a certain structure of future knowledge and control the operation of K-reordering, which brings interesting theoretical perspective to C-K theory. Regarding the second question, the level of attained genericity can be improved. In the mathematical knowledge structure the measure of the field size characterizes genericity level. In the real objects the measure is the number of partially unknown environments compatible with the emerging object through descriptors of existence domain. This work is limited to the study of two forms of genericity based on algebraic field extensions and selected engineering objects. Other knowledge topologies could enable to identify new powerful form of genericity. For instance in models of K-space (Hendriks and Kazakci, 2010) emphasized that different structures to model knowledge yield different conceptive power and degrees of flexibility. Moreover, not examined in this work social and psychological design approaches could provide new perspectives on the process of GT design. The economic reasoning behind the genericity building provides insights on the dynamics of engineering systems. Abstract. This article investigates portfolio management in highly uncertain environments. We define highly uncertain situations as occurring when project alternatives can be identified, and uncertainty management consists of making the optimal choice between possible decisions and probable states of nature as well as situations in which the level of uncertainty is so high that neither the level of risks nor the list of risks are known. In the latter situation, in which both technology and markets are yet unknown, the literature highlights a winning solution: the design of generic technology that is able to address many emerging markets and create value across a broad range of applications. This paper seeks to determine how to organize project portfolios for successful generic technology exploration. Through four empirical contexts of portfolio structuring in the semiconductor industry, we examine these cases to determine how genericity was acquired, which organizational capabilities were mobilized, and how they were managed. The analysis reveals that the design of generic technology requires "cross-application" managers who are able to supervise the interactions among innovative concepts developed in different business and research groups and who are responsible for creating and managing technological and marketing exploration portfolios within organizational structures of a company.

Introduction

Portfolio risk management focuses on the ability of a project portfolio to achieve its strategic objectives [START_REF] Olsson | In search of opportunity management: is the risk management process enough[END_REF][START_REF] Lycett | Programme management: a critical review[END_REF]. The project portfolio management (PPM) perspective addresses the potential logic of risk mitigation [START_REF] Sanchez | Risk management applied to projects, programs, and portfolios[END_REF][START_REF] Olsson | Risk management in a multi-project environment: An approach to manage portfolio risks[END_REF]. However, the mitigations that are considered largely affect portfolio reviews and reorganizations to increase overall portfolio performance [START_REF] Petit | Project portfolios in dynamic environments: organizing for uncertainty[END_REF]. [START_REF] Teller | An empirical investigation on how portfolio risk management influences project portfolio success[END_REF] illustrated the positive correlation between risk management quality, measured as risk transparency and risk coping capacity, and the success of a project portfolio. Decisions can be made under risk scenarios when managers are capable of listing all possible outcomes associated with a decision and can assign a probability of occurrence to each outcome.

Significant changes in business environments and ever-growing competition are causing portfolio managers to cope with uncertainty by changing the strategic directions of portfolios and balancing and prioritizing projects. In these situations, risk management is not sufficient for managing high uncertainty and complexity in portfolios in dynamic environments [START_REF] Petit | Project portfolios in dynamic environments: organizing for uncertainty[END_REF]. The notion of uncertainty is broader than we often believe it to be. As shown by Langlois and Cosgel (1993), Knight's distinction between risk and uncertainty goes beyond a distinction between insurable and uninsurable risk. Uncertainty covers two types of situations:

The first type of situation occurs when project alternatives can be identified and when managing uncertainty consists of making the optimal choice between given possible decisions and probable states of nature. However, when uncertainties are high, probabilistic approaches are limited because the probabilities evolve during the process of exploration and cannot be correctly estimated initially. In this case, uncertainty reduction approaches are mobilized to reduce these uncertainties. The second type includes cases that are often called "unk-unk" or so-called "chaos", in which the level of unknownness is so high that neither the level of risks nor the list of risks is known. In R&D contexts, this scenario often corresponds to "double unknown" situations in which neither technologies nor markets are known. In this case, the alternatives are not yet determined and can emerge during the exploration process. These situations are often considered simply unmanageable, and the idea is often to wait until the unknown aspects of a project are reduced.

In the first type of logic, project portfolio logic enables one to cope with uncertainty by applying models of decision making under uncertainty to select among a set of given alternatives and probable states of nature that maximize the expected utility and share the risks among portfolio alternatives. The standard for portfolio management [START_REF] Pmi | A Guide to the Project Management Body of Knowledge: PMBOK® Guide[END_REF] comprises the changes in portfolio performance and business strategy that are needed to adapt to changing environments. Petit and Hobbs (2010) indicated that the drivers of change go beyond that considered by PMI classes and are not yet considered by the PMI standard. As an example, the authors suggested sensing mechanisms to primarily address uncertainties in project scope. The nature of management within an organization varies when we consider highly uncertain innovative projects. Significant changes in the environmental construct and the high probability of unknown risks could cause companies to question the entire portfolio and even result in its failure. Thus, portfolios are largely built when such unknown risks are reduced. However, organizations constantly cope with increasing levels of uncertainty, and to retain a leadership position in the market, they seek to innovate in environments that are unconventional for them.

With regard to breakthrough innovation projects, the exploration phase is confronted with both undetermined markets and technologies (Danneels, 2004, Lynn et al., 1996). [START_REF] Mullins | New product development in rapidly changing markets: an exploratory study[END_REF] indicated that firms operating in such environments require new practices to mitigate risks, manage uncertainties, and increase the likelihood of future success.

Numerous methods, such as innovation journeys (Van de Ven and Poole, 2005), discoverydriven planning (McGrath and MacMillan, 2009), information gap decision theory [START_REF] Ben-Haim | Info-gap decision theory: decisions under severe uncertainty[END_REF], the diagnosis of unforeseeable uncertainties through trial and learning (Loch et al., 2008), and the real options approach (O'Connor, 2008a, Kogut andKulatilaka, 2001), attempt to manage these high uncertainties and relevant interdependencies. In this case, high uncertainty incorporates unknown meaning that both technologies and market have not yet determined, and the exploration phase could lead to incorporating new facets that could reduce the unknowns. Uncertainty reduction approaches for portfolio management are limited. The second logic could add a new action possibility: to design a new alternative to cope with the probable states of nature, which would lower the unknown risks. In this paper, we aim to investigate project portfolio construction under the second type of uncertaintydouble unknown. The idea is to profit from the double technological and market unknowns to design alternatives that reduce these unknowns and to enable the structuring and effective management of project portfolios. These alternatives could result in the formation of new interdependencies between emerging alternatives. What could the alternative be, and how can it be designed?

The literature on the history of the economics of technology suggests different forms of interdependency management (Rosenberg, 1994) through the development of general-purpose technologies. Generic (or general-purpose) technologies (GTs) are technological platforms that are capable of addressing multiple emerging and existing markets. GTs, once developed, enable the reduction of unknowns. They increase benefits, encourage growth and reduce the risk of failure by ensuring technology reuse in various markets. The value of GTs is demonstrated from historical (Moser and Nicholas, 2004), economic (Bresnahan and Trajtenberg, 1995), and sociological perspectives (Powell, 1987). The development and design of GTs appear to be highly advantageous for high-technological firms in coping with unknown environments and strategic foresight (Olleros, 1986). The literature provides successful examples of the development of generic, general-purpose technologies within the nanotechnology, pharmaceutical, IT, biotechnology, and semiconductor industries (Bresnahan and Trajtenberg, 1995[START_REF] Christensen | Introduction: The industrial dynamics of biotechnology: new insights and new agendas[END_REF][START_REF] Mangematin | The future of nanotechnologies[END_REF][START_REF] Scherer | Pricing, profits, and technological progress in the pharmaceutical industry[END_REF], Youtie et al., 2008). Drawing on these studies, the design of GT appears to be particularly relevant for industries in which the speed of product development has the same order of magnitude as the rate of industrial renewal and, therefore, in which the design of GTs that are capable of addressing multiple and existing emerging markets becomes advantageous. GTs attempt to structure the double unknown situation by creating interdependencies between the emerging technology and multiple markets. GTs empower firms to achieve and sustain their competitive advantages by seeking a risk-free alternative. Hence, by designing a generic technology that is independent from any specific market requirements, we obtain the risk-free alternative that facilitates technology diffusions within various application domains and that constructs project portfolios around this GT to develop these markets. From this perspective, the risks are minimized by designing an alternative -generic technology -whose success is independent of all known risks.

To manage the activity of GT design, various mechanisms can be found within the current literature. The trial and learning (Loch et al., 2008) strategy involves selecting a trial and reducing unknowns through the process of consequent learning and platform design. The trial and learning approach corresponds to the strategy of local search that is based on accumulated knowledge generating further improvements and breakthroughs. A common unknown strategy attempts to avoid traps of local search and seeks to directly create the interdependencies between future technologies and markets to ensure technology adaptation by several market units (Kokshagina et al., 2013). A GT portfolio consists of projects for platform design (generic core) in which a platform is a common core that ensures essential functions and common needs for several players (Gawer and Cusumano, 2008) and projects of complementary module development to account for GT dissemination.

These emergent methods seek to provide relevant strategies and design processes for the successful implementation of GT. The methods aim to cope with interdependencies of design in highly uncertain environments. However, the existing research shows that with the possibility of modeling the design of GT, the logic of GT design is not sufficient in itself.

When addressing GT design, the portfolio exists only potentially; it is constructed consequently. The manner in which projects are designed and managed within a portfolio enables coping with unknowns risks. Thus, a project portfolio can be constructed to account for GT design and its complementarities. How can project portfolio exploration be organized while coping with double unknowns to account for GTs? Moreover, the organizational forms involved in GT portfolio organization and the managerial role must be clarified. [START_REF] Vaccaro | Management innovation and leadership: The moderating role of organizational size[END_REF] demonstrated that leadership behaviors contribute to management innovation, and they emphasize the importance of transformational leadership to future success. Thus, who is capable of addressing this reasoning? How is it embedded within the organizational structure of a company? What are the necessary competences of actors who are capable of successfully developing and executing a GT portfolio?

The aim of the present paper is to cope with both PPM and portfolio constitution in highly uncertain environments to account for GT development. This study is organized based on two research questions: 1) Which organizational structures can facilitate the management of multiple projects to meet the goal of successful technology development for several markets under high uncertainty? 2) Which actors are important, and what are their roles? The setting is the high-velocity semiconductor industry, which is constantly confronted with competition, fastly changing markets and rapid technological obsolescence, which together force the industry to explore both market and technological unknowns. For this investigation, a multiple qualitative case study approach [START_REF] Yin | Case study research: Design and methods[END_REF] was used to provide new insights into the emerging phenomenon of PPM to address unknown risks. The findings indicate that to account for GT exploration in high uncertainty, the process must be highly transversal. The new manager figure that we call the cross-application manager appears to be critical for successful portfolio structuring and management to account for successful GT design.

Theoretical background

The literature review is organized in the following manner. First, current PPM practices in risks, uncertainty and unknowns are discussed. Second, the possible organizational structures and associated methods for coping with innovation exploration are revealed. Finally, the role of management and the competence of necessary actors in handling unknown risks are identified.

Portfolio management in risk, uncertainty and unknown -current and evolving practices

To guarantee a company's long-term survival, its renewal and organizational growth must be ensured. PPM often accompanies the practices that are developed within the new product development literature [START_REF] Killen | Project portfolio management for product innovation[END_REF][START_REF] Cooper | Portfolio management for new products[END_REF]. PMI (2008) defines a project portfolio as "a collection of projects or programs and other work that are grouped together to facilitate effective management of that work to meet strategic business objectives". According to the literature, project portfolio success can be defined through the following elements: average project success, strategic fit, portfolio balance, synergies, and economic success [START_REF] Meskendahl | The influence of business strategy on project portfolio management and its success-A conceptual framework[END_REF][START_REF] Jonas | Predicting Project Portfolio Success by Measuring Management Quality---A Longitudinal Study[END_REF].

The literature on PPM considers risk management to be one of the crucial elements to ensure portfolio success (Petit and Hobbs, 2010[START_REF] Olsson | Risk management in a multi-project environment: An approach to manage portfolio risks[END_REF][START_REF] Lee | Risk Based Asset Allocation: A New Answer To An Old Question[END_REF]. Classical models of risk management suppose that the likelihood of success is highly proportional to the initial technological and market uncertainties. When uncertainties are low, the nature of technologies and markets and the associated project alternatives can be listed. When a manager can make a list of all possible outcomes associated with a decision and can assign a probability of occurrence to each of the outcomes, a decision can be made in consideration of this risk. Classical risk management techniques provide methods to help decision makers cope with such uncertainties (Chapman, 1990, Lipshitz andStrauss, 1997). Portfolio risk management incorporates risk management at the level of each product and portfolio itself.

Greater visibility for stakeholders and decision makers can be achieved by improving common portfolio risk management [START_REF] Teller | An empirical investigation on how portfolio risk management influences project portfolio success[END_REF]Kock, 2012, Olsson, 2008).

More advanced approaches for portfolio risk management are required when uncertainties are high because the states of the environment are often impossible to predict and because probability-based risk management becomes irrelevant as a result of high market and technology volatility [START_REF] Petit | Project portfolios in dynamic environments: organizing for uncertainty[END_REF][START_REF] Pender | Managing incomplete knowledge: Why risk management is not sufficient[END_REF], Loch et al., 2008). Choices made under uncertainty are often driven by the maximization of expected utility. Utility is a function of profit that comprises the value of benefits associated with each state of nature weighted by its probability and the utility of the decision itself. It aims to select the most promising alternatives (maximal utility) for the predefined list. This theory relies on various derived techniques to cope with uncertainty management (Savage, 1972, Raiffa, 1968). The economic return of a portfolio greatly depends on technological and commercial uncertainties [START_REF] Verworn | A structural equation model of the impact of the "fuzzy front end" on the success of new product development[END_REF]. Real-options theory is suggested to guide investment decisions under uncertainty (McGrath, 1997, Dixit and Pindyck, 1994, O'Connor, 2008b) by estimating whether the option of investing in a new technology is worth taking or by determining how the learning process influences the option value. Real options provide powerful tools that account for dynamic environments. For instance, the real-options approach to project evaluation seeks to correct the deficiencies of traditional methods of valuation through the recognition that managerial flexibility can bring significant value to projects [START_REF] Carlsson | A fuzzy approach to R&D project portfolio selection[END_REF].

Nevertheless, real-options approaches are limited when addressing high uncertainty because the learning that is considered in these techniques is based on the distribution of subjective probabilities associated with the states of nature. The learning process does not affect these states and the corresponding decisions, which is critical in unknown contexts, as new technological alternatives could emerge and new markets could be created during the exploration phase. Real options consider that the decisions and states of nature are independent. To apply real options, a decision maker must know the project's potential, underlying assets, and needs based on the potential states of nature. Moreover, the estimated option value should indicate the reliable actions to follow. In the case of highly uncertain or unknown exploration, these conditions can scarcely be met. In addition, new alternatives and unexpected results could emerge throughout the period of exploration. [START_REF] Wouters | Managing Uncertainty During Rd Projects: A Case Study[END_REF] proposed a project portfolio option-value method that attempts to provide an overview of major challenges and key criteria of success for companies in the presence of many technological and marketing uncertainties and attempts to account for the interdependencies among projects in a portfolio. Visual tools attempt to facilitate interdependencies management within a portfolio [START_REF] Killen | Understanding project interdependencies: The role of visual representation, culture and process[END_REF]. A transparent risk management culture within organizations helps to better reveal and manage interdependencies within various portfolio projects [START_REF] Teller | An empirical investigation on how portfolio risk management influences project portfolio success[END_REF]. Various types of interdependencies are important to consider (Blau et al., 2004, Collyer and[START_REF] Collyer | Project management approaches for dynamic environments[END_REF]. For instance, [START_REF] Eilat | Constructing and evaluating balanced portfolios of R&D projects with interactions: A DEA based methodology[END_REF] suggested resource interactions, benefit interactions and technical dependencies between projects. [START_REF] Archer | An integrated framework for project portfolio selection[END_REF] addressed financial interdependencies. In addition, [START_REF] Killen | Managing project interdependencies: exploring new approaches[END_REF] underlined the importance of outcome dependences, which involve the re-use of the results within projects, including both technical and commercial aspects, and learning dependencies that lead to incorporating the capabilities and knowledge gained through various projects. The interdependencies between projects are more complex when handling unknowns [START_REF] Chien | A portfolio-evaluation framework for selecting R&D projects[END_REF][START_REF] Mikkola | Portfolio management of R&D projects: implications for innovation management[END_REF], but complex interdependent systems can be a source of breakthrough [START_REF] Fleming | Breakthroughs and the "long tail" of innovation[END_REF]. Petit and Hobbs (2010) discussed PPM adapted for dynamic uncertain environments once the portfolio is selected. The authors demonstrated that the dynamic capabilities approach can be used to analyze the operational levels within an organization [START_REF] Petit | Project portfolios in dynamic environments: organizing for uncertainty[END_REF], Killen et al., 2012[START_REF] Killen | Project portfolio management for product innovation[END_REF]. Nevertheless, the PPM that copes with uncertainty often considers that projects are already identified within the portfolio. However, when the exploration phase is confronted with unknown environments, markets are considered unknown because the product features that could make them successful are initially unrevealed (O'Connor and Rice, 2012). Technologies are unknown, which means that for some figures of merit, a variety of solutions might be designed, although none of them exist at the moment. This exploration of yet undefined technologies and markets is precisely what is called double unknown or unk-unks (Mullins, 2007, McGrath andMacMillan, 2009). In this situation, it is ambiguous as to which emerging markets will succeed and which technological forms will be more advantageous. The identity of technology is not presumed, and future uses are not fixed (Gillier and Piat, 2011). In this situation, the projects are still undetermined. Thus, how can we cope with double unknown situations in designing GTs and building project portfolios?

The literature demonstrates that firms often fail to incorporate innovations. For instance, Henderson and Clark (1990) showed that innovations that change the product architecture challenge existing companies' expertise and often ultimately fail to recognize these types of obstacles and respond to them. For instance, each generation of photolithography equipment conceived for a new generation of transistors in semiconductor manufacturing provoked a change in the leadership position within the industry. Only when the road mapping activity within the International Technology Roadmap for Semiconductors (ITRS) emerged were the processes standardized and scientific efforts coordinated within various industrial players [START_REF] Walsh | Roadmapping a disruptive technology: A case study: The emerging microsystems and top-down nanosystems industry[END_REF]. [START_REF] Kock | The mixed blessings of technological innovativeness for the commercial success of new products[END_REF] underlined that technological innovativeness can increase the customer value of future products but also implies challenges in the innovating firm and its environment. The resulting complexities must be carefully estimated and managed through the process of high uncertainty exploration; the innovating organization and its employees must be prepared to identify and address these complexities and to develop necessary competences. Thus, the organizational entities leading the exploration of innovation projects in unknown situations appear to be crucial for industrial success and for proper portfolio creation and management. Moreover, [START_REF] Meskendahl | The influence of business strategy on project portfolio management and its success-A conceptual framework[END_REF] indicated that when applied to PPM, a firm's strategic orientation significantly influences its portfolio decisions and therefore the structure of the portfolio. The construction of a portfolio and its alignment with more mature project portfolios within an organization must be investigated. Thus, do innovation organizations capable of managing the portfolio exploration process in a double unknown context exist? Which actors are capable of effectively managing commercial and technological unknowns?

Organizational structures for portfolio exploration in unknown situations

Organizational structures comprise the ways in which companies arrange communication and align and harness efforts from their members (Hamel, 2006, Birkinshaw et al., 2008). There exist various governance models for organizations that confront high levels of uncertainty.

One approach consists of leveraging new capabilities by other more advanced companies' acquisitions that offer competitive solutions. This approach is widely adapted by the market leaders in the ICT industry, which constantly enlarge their portfolios and competences through start-up acquisitions. The second approach involves ensuring growth and developing competencies through internal or collaborative innovation exploration. Descriptive approaches of "innovation journeys" within ecosystems or within companies are conducted gradually to identify organizational structures that enable disruptive innovation [START_REF] Veryzer | Discontinuous innovation and the new product development process[END_REF], Van de Ven et al., 1999, Garud and Karnøe, 2003). Major innovations (MIs), including both radical and disruptive innovations, are considered an important mechanism for enabling growth and renewal (O'Connor, 2008b). Various organizational processes require various organizational capabilities that are difficult to implement and adapt (Nelson and Winter 1982). Moreover, the ability to link advanced technologies to opportunities in a market in which most of these opportunities do not yet exist is difficult to maintain, given the constant organizational pressures to attain immediate profit [START_REF] O'connor | The nature of market visioning for technology based radical innovation[END_REF].

Regarding the influence of collaboration for innovation exploration, [START_REF] Fleming | Collaborative brokerage, generative creativity, and creative success[END_REF] identified brokered and cohesive collaboration. Brokerage assumes the existence of a hub through which all collaborators can interact. Cohesive structure does not presume the existence of a central entity; rather, the groups independently establish and develop their relations. The authors showed that the various trade-offs between these two models can be adapted in various organizational situations [START_REF] Fleming | Breakthroughs and the "long tail" of innovation[END_REF]. Innovation intermediaries (e.g., including actors involved in brokering, networking and cohesive structures) appear to be critical to technology-matching processes of innovation exploration [START_REF] Howells | Intermediation and the role of intermediaries in innovation[END_REF]. By demonstrating that intermediaries primarily perform in situations in which risks are reduced and projects are defined, Agogue et al. (2013) suggested that these intermediaries, when confronting uncertainties, could find roles to play to profit from the potential collaboration associated with unknowns. The authors showed that in these cases, the intermediary could "design prerequisites and offer leadership in the process of joint exploration and creation of knowledge".

The variety of existing organizational structures for innovation management could potentially be appropriated for GT exploration. Thus far, however, there has been little discussion of organizational entities for portfolio structuring and management in yet unknown environments. Moreover, the role of leadership in situations of uncertain exploration appears to be critical. The importance of the creation of learning and interdependencies is well stated, and the need for expertise to handle the process of unknown exploration is clarified. However, it is unclear how a portfolio can be constructed under yet unknown technologies and markets to account for successful GT exploration. What are the necessary capabilities to manage and build GTs?

Necessary actors and their competences for portfolio management in unknown situations

The literature provides various reasons to enable the successful exploration of innovative projects. Among these reasons, the "human side of radical innovation" appears to be particularly important for obtaining desired outcomes (O'Connor and McDermott, 2004). The authors revealed that radical innovation requires a multiplicity of roles, although there is a lack of connectivity and continuity between them. The authors underlined that the teams that are involved in breakthrough innovation exploration differ from those involved in incremental innovation. The breakthrough innovation teams are driven by their volunteerism, informal recruitment and expertise levels rather than by clarified sets of goals (Howell and Higgins, 1990). Both external and internal networks appear to thrive in radical innovation projects.

Confronting exploration in multiple innovative projects, firms rely on organizational learning capability and dynamic capability development (O'Connor, 2006, King andTucci, 2002). [START_REF] Eisenhardt | Dynamic capabilities: what are they?[END_REF] defined dynamic capabilities as a "set of specific human and organizational assets that can be used to implement value-creating strategies". To cope with unforeseeable uncertainties and the turbulence in the surrounding environments, these teams must be flexible in their behavior, knowledge base and corresponding actions [START_REF] Mietzner | A Competence Portfolio for Professionals in the Creative Industries[END_REF]. For instance, the use of self-managed teams represents an example of an effective structure of innovation management. Such a structure involves the introduction of teams responsible for their own internal functioning, setting of priorities, and decision making within an organization [START_REF] Bunderson | Structure and learning in self-managed teams: Why "bureaucratic" teams can be better learners[END_REF]. Eisenhardt (1989b) demonstrated that the greater use of information accelerates the strategic decision process. Various scholars have underlined that managers can effectively coordinate innovative processes, stimulate creativity and influence the organizational choices of companies [START_REF] Finkelstein | Top-management-team tenure and organizational outcomes: The moderating role of managerial discretion[END_REF]Hambrick, 1990, Birkinshaw et al., 2008). The higher the number of coordinating individuals, the higher the probability of generating useful and novel ideas [START_REF] Sandstrom | Idea management systems for a changing innovation landscape[END_REF]. The importance of intensive coordination during the phases of portfolio creation or the early phases of portfolio cooperation is emphasized. [START_REF] Beringer | Behavior of internal stakeholders in project portfolio management and its impact on success[END_REF] revealed that within immature PPM systems, line managers play the key role of knowledge mediators between senior management, who represent business strategy, and projects managers, who focus on daily business. Firms' innovation capacity can be maximized when corporate foresight comprises the strategic roles of exploring business fields, the initiation roles of increasing the number of innovative concepts and ideas, and the opening role of challenging the innovative projects [START_REF] Rohrbeck | Corporate foresight: its three roles in enhancing the innovation capacity of a firm[END_REF].

However, the question remains as to how many individuals are needed to fulfill these roles and how they should collaborate in the process of unknown exploration. Previous studies demonstrated that leadership behavior is correlated with the size of organizations [START_REF] Vaccaro | Management innovation and leadership: The moderating role of organizational size[END_REF][START_REF] Koene | Leadership effects on organizational climate and financial performance: Local leadership effect in chain organizations[END_REF]. Moreover, the exploration of unknowns in the design of a GT for multiple uses requires a combination of technical, business and organizational skills. Most projects involve cross-disciplinary interactions among specialists, which poses communication challenges across groups [START_REF] Mietzner | A Competence Portfolio for Professionals in the Creative Industries[END_REF]. Team-based innovation requires a balance of creative and pragmatic processes both within teams and between teams and their organizational stakeholders [START_REF] Büchel | Managing stakeholders in team-based innovation: The dynamics of knowledge and trust networks[END_REF]. Leonard [START_REF] Barton | Core capabilities and core rigidities: A paradox in managing new product development[END_REF] emphasized the importance of organizational learning to mobilize teams' core capabilities without "being hampered by their dysfunctional flip side". Moreover, to ensure innovation success, the alignment of priorities between all responsible parties appears to be critical [START_REF] Martinez | Practitioner's Insight: Learning to Manage Emerging Technologies[END_REF].

It is demonstrated within the literature that unknowns are challenging to address. Nevertheless, organizations attempt to initiate radical, major innovation by disrupting the existing technologies and creating new markets. The various organizational entities (e.g., intermediaries, innovation hubs, corporate foresight) and the corresponding actors' competences have been investigated from various research perspectives. Additionally, a GT alternative may provide a promising solution for portfolio organization in unknown situations. Thus, is it possible to identify actor(s) who have all of the necessary competences within an organization? More broadly, how can the exploration of project portfolios in unknown situations be organized to design GT?

Methods

The purpose of this work is to gain an understanding of PPM for GT design in highly uncertain environments. Given the newness of this research field and the lack of available knowledge, a qualitative research methodology is recommended [START_REF] Yin | Case study research: Design and methods[END_REF]. The study is conducted within the semiconductor industry, an environment in which the probability of GT existence is a priori high (Miyazaki, 1994, Olleros, 1986). The semiconductor industry is confronted with both high rates of innovative technology development and new market creation (Teece, 1986). The empirical research has employed a multiple case study methodology [START_REF] Yin | Case study research: Design and methods[END_REF]. The multiple case study approach is particularly relevant to experimentally validate the findings and to lead to more robust results (Eisenhardt, 1989a). cases enable accounting for a more accurate level of abstraction and helps to achieve better generalizability. The chosen cases represent separate experiments in which patterns were identified and tested. The different organizational contexts were selected to better reveal the phenomenon. According to [START_REF] Garg | Building Theory From Multiple Case Studies[END_REF], 4 cases are considered sufficient to provide variation and to demonstrate the construct in multiple situations.

We conducted multiple case studies of innovative technology development in various contexts at STMicroelectronics, the largest European semiconductor provider. The 4 identified cases offer rather different frameworks and units of analysis, which permits different perspectives on the research questions: 1) the innovation contests -Case 1; 2) the ITRS "More than Moore" working group -Case 2; 3) the technological invention design with various groups -Case 3; and 4) ex-post analysis of a research project portfolio -Case 4. These four contexts represent different organizational settings and comprise various units of analysis (Table 1). Each of these portfolios encloses the examples of generic and specific projects (see the Appendix). We examine these cases to uncover how genericity was acquired, which organizational capabilities were mobilized, and how and by whom they were managed.
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Data collection and analysis

The information-gathering techniques used in this study included in-depth interviews with a variety of company representatives and external collaborators associated with each portfolio from a variety of functional perspectives. Experts with commercial, marketing, financial, technological, research, development, and operational backgrounds were involved and were directly implicated in executing, organizing, participating, managing, supporting or decisionmaking roles within portfolios.

The internal validity and reliability of the chosen methodology were achieved through triangulation among the conducted case analysis, the derived analysis and the judgments of company representatives. This procedure enabled continuous involvement of the firm according to the guidelines of engaged scholarship (Van de Ven, 2007) and collaborative research (Shani et al., 2008). Overall, during a 2-year period, the authors had frequent access to case information and organized feedback sessions with company representatives. The 1 st and 4 th authors conducted partial exploration in Cases 1 and 3. Moreover, the 4 th author attended 17 face-to-face meetings and 40 conference calls of the International Roadmap Community and is directly involved in the "More than Moore" initiation of the ITRS. This involvement allowed for understanding of multiple sources of influence on the organized challenges and revealed conflicting views on the issues analyzed in the paper. The participation of the 2 nd and 3 rd authors was useful in analyzing the data independently from the external position. In addition to the data collection, a review of secondary sources was conducted. These supporting documents included various sources of information (Table 1).

Results: Organizational structures for GT portfolio constitution in unknown situations

The organizational structures for each of the contexts depicted in the Figures 1234were developed based on the information acquired through the case studies. The case analysis enabled an examination of organizational contexts structured around the exploration of portfolios. The deduced findings were discussed with the company representatives to gain their feedback and modification.

Case finding 1. Innovation challenge "Business Innovation Process"

An innovation contest called the "Business Innovation Process" (BIP) was initially organized in 2009 by two geographical sites of STMicroelectronics in France (Crolles and Grenoble, which involve more than 6,400 employees) located in the Rhone Alpes region, known as the "French Silicon Valley" in microelectronics and nanotechnology. The contest targeted transversality, ecosystem development and value for users and for ST of future innovative solutions to address several business areas. The process was launched with the following goal:

"to boost the Grenoble and Crolles sites' contribution to ST value creation through better innovation and better use of local clusters" [START_REF] Bip | Business Innovation Process: Challenge à idées Crolles -Grenoble [Online[END_REF].

The technologies mastered by the two sites involved in this contest are diverse. These technologies were developed by the central R&D groups that are responsible for specific technological development, advanced R&D units that seek to explore immature, still unknown technologies, external R&D centers that are involved in technological development with ST and R&D groups that are associated with each business unit independently of the general R&D. On the technology side, the contest allowed the open participation of any employee of these groups. Likewise, the wording regarding the targeted uses and markets allowed for a wide variety of solutions involving the open participation of all business units and strategy and marketing units. Hence, this process was clearly positioned in a situation of double unknown (double technology and market exploration) and privileged open collaboration and learning. The process involved the phases of challenge initialization, idea generation, selection and ideas development. The high number of ideas collected through each challenge (33, 60 and 110) resulted in 20 selected projects that were built through idea grouping and generalization (over a 3-year period). As a result of the exploration, 4 technologies appeared to be generic, and they formed their own GTs portfolios by creating new complementary projects (see Table 2). The Appendix provides examples of GT and specific exploration cases within the portfolios. The specific ideas issued from BIP and the associated portfolios primarily involved the collaboration of a particular business unit and research group (Figure 1).

The exploration relevant to GT aimed to propose a solution that imposes the collaboration of several R&D groups to address the needs of several business units and to provoke the exploration of new markets. Thus, some idea propositions attempted to create complementary projects and to organize portfolios to explore both the generic construct and its market modules. For instance, initiated in 2009, the "Real Challenge" innovation contest 3DTouch project was selected as a result of both its disruptive nature and its vast market potential: "Based on the material properties (tissue, wood, leather…), a micro-electro-mechanicalsystem (MEMS) actuator can simulate the surface of the object to the customer at home and help him to select and buy products online. This solution can be dedicated to medical applications, to establish diagnostics at distance, [to] e-commerce applications…" (BIP, 2009a).

The generic project in the case of 3DTouch indicated the method of developing a platform that addresses generic functions independent of the environment and dissociates them from the adaptable modules that include specific functions. Furthermore, platform enrichment was organized through portfolio creation, which included both the development of interdependencies to address the development of market modules by reusing generic technology and management to ensure the deployment of market complementarities and generic core enrichment. The generic haptic technology yielded by 3DTouch gave rise to a portfolio that currently comprises the following: several research projects, collaborative projects with external research centers and industrial partners, and ongoing projects in BUs to develop commercial products. The generic portfolio was consequently created to explore new unknown environments by acquiring the necessary knowledge and expertise. BIP played the role of innovation hub or incubator to prioritize the collaboration of various business and R&D units (Figure 1). This entity privileged the exploration of multiple emerging markets and new technologies by creating interdependencies and by reducing unknowns.
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The example of 3DTouch demonstrates that the manager role appears to be critical to privilege generic aspects of the solution rather than to prioritize specialization in more promising markets. For instance, one of the potential customers were interested in using haptic technology for eye-less keyboard application and eye-less haptic mouse. If a manager chooses to address only these promising markets, then the transparency of a multi-touch capacitive solution required for smartphones and tablets would be difficult even to consider. In this case, the manager was able to design a portfolio in which functions specific to the market were managed in separate projects and in which the generic core was a common project that facilitates its reuse by the emerging market areas. This manager, which we propose to call the cross-application manager (CAM), was able to manage the links between technological requirements and market needs. On the contrary, the lack of collaboration within these roles and insufficient management of learning interdependencies might consequently lead to the failure in GT exploration. Moreover, it is important to note the key role of the organizing committee, which did not seek to select the winner of the challenge but privileges the accumulation of joint expertise within participants from different backgrounds. This committee -the Core Innovation Team -privileged multi-market exploration and helped project leaders build their network both internally and externally, and the team played the role of the interface between various technological and business groups. This team involved people from the R&D, BU and strategic departments (an approximate total of 15 specialists) and played the role of CAM during the business innovation process (Table 2). Overall, from 20 projects issued from the ideas contest, the only 4 successful ones that are still ongoing appear to be generic. These projects seek to develop new technologies and orientate them towards several emerging markets (e.g., 3DTouch). Their success is highly correlated with the presence of the managers who privilege multi-market exploration and conduct the reasoning in unknown yet environments. The rejected projects led to propose the incremental innovations for the chosen by the projects leaders market applications. In this case, the exploration conducted to reduce uncertainty and not to account for larger application area.

Case finding 2. ITRS "More than Moore" working group

The ITRS aims to provide industry with roadmaps that "align" the priorities between the various company actors responsible for transforming an idea into growth through innovation. In their study of the ITRS, Le Masson et al. (2012) demonstrated the possibility of collectively managing the innovation capabilities of the ecosystem by creating roadmaps that are largely driven by the predictable range of technological change, which is known as Moore's Law. Technology working groups (TWGs) of the ITRS International Roadmap Community (IRC) are responsible for creating their roadmaps according to future transistor generation and the challenges associated with scaling. They deal with uncertainty reduction for predefined technological domains (i.e., system drivers, design,…see Figure 2). The ITRS first mentioned the "More than Moore" (MtM) trend in 2005. The MtM handles situations in which the figure of merit is no longer miniaturization; the exploration is exposed to various emerging markets and technologies that involve the management of various parameters. This trend demonstrates that the decoupling between the market and technology that is common in the semiconductor industry could no longer be supported; companies are now truly in double unknown situations with many potential markets exhibiting high levels of uncertainty with regard to sizes, timing, and needs and with many potential technologies. In 2011, the European members of the committee wrote a "More than Moore" white paper that guides the ITRS community to identify those MtM technologies for which a roadmapping effort would be feasible and desirable (Arden et al., 2010). This committee seeks to "build the link between societal needs, markets and technologies well beyond the ITRS current practice, and is likely to require the involvement of many actors beyond the ITRS historical membership" (Arden et al., 2010). The white paper proposed to complement the usual technology push approach of the ITRS by the sketch of broad "application scenario". Technology building blocks that should be road mapped "have to enable functionalities to account for several applications and markets (Cogez et al., 2013). The MtM technology working group attempts to build a transversal roadmap based on generic functions. These generic functions are precisely the common technology needs of various future markets, which can in turn be used as a template for companies addressing portfolio organization in double unknown situations (Figure 2). The transversal collaboration within MtM and various TWGs and the exposure to disruptive markets would lead the ITRS to structure a portfolio of potential MtM solutions. This portfolio presents the potential challenges and directions that companies could take to coordinate their scientific and development efforts. The idea of using generic functions and the incorporation of market ideas permit the committee to structure the effort toward the portfolio of GTs.
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This case demonstrates that highly coordinated activities of individuals leading the MtM trend have increased its importance within the community. From its first mention in 2005, the citation of MtM in 2011 reached 79, and among 18 TWGs within the ITRS, 11 groups cite MtM. Additionally, a purely MtM-oriented group was created in 2011 for MEMS portfolio exploration. The coordinators of the MtM group play the role of CAM within the ITRS community (Table 2). They search for existing knowledge gaps within the landscape of technologies and markets to define the direction of technological development and identify interdependencies that can be built to acquire generic technology. They do not seek to reduce uncertainty by choosing a particular technological trajectory but they aim to structure unknowns to privilege genericity exploration. Their position within the ecosystem of the major industrial players of the semiconductor industry facilitates their access to necessary information and enables them to test the relevance of their propositions.

Case finding 3. Exploration sessions for patent portfolio creation

At ST, each inventor (who could be anyone in the company) can submit its proposal to the patent committee members for their evaluation. Potential inventors must present and defend their inventions to be granted a patent. A patent is represented in this case as a "by-product" design activity, which can be obtained once products are almost fully defined. With regard to generic technology design, both technologies and future applications are unknown. Given the pervasive nature of generic technology, what a strategy to protect a new generic design would not infringe on the existing intellectual properties and permit profiting from genericity by developing other markets (not necessary by the IPs holder)?

The logic of patenting is often regarded as an objective of research. In highly innovative fields, patent design can occur even before the design activities or research work in general. In the work of Felk et al. (2011), a model of patent design primarily for technology emergence was introduced. The authors showed how to create a strong patent portfolio in the field of interest to strategically position future patents within the predefined design space. This experiment was conducted for disruptive 3D integration technology at STMicroelectronics. The 3D integration technology is recognized as a generic technology with a broad range of anticipated applications, such as memory, portable devices, and highperformance computers. The resulting 3D circuits are the individual chips in which several layers of active electronic components are stacked vertically and horizontally. In 2008, when the technology was still immature with high levels of unknowns, the authors demonstrated that by working on generic concepts such as the "definition of a Trough-X-Via (TXV) as an interconnecion between devices rather than Through-Silicon-Via (TSV)", one can consider any type of substrate and ways of interconnecting devices through this substrate. The high rate of ideas generated and relevant concepts led to a high number of propositions, which in turn enabled the company to obtain patents and to launch new exploration projects at ST. The group that initially participated in this work succeeded in proposing more than 10% of the invention disclosures at ST in 2009 (Felk et al., 2011). The joint exploration session enabled the company to better position patent propositions, to define interdependencies and therefore to design stronger patent portfolio to protect a GT. This and 4 other experiences of patent portfolio design within ST that were conducted later demonstrate the opportunity to obtain larger patent propositions that are generic and to propose powerful solutions for identified market challenges as well (Figure 3).
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Each group of idea exploration largely included participants with technological backgrounds but also included participants from business units who were interested in a particular type of technological exploration. The working sessions were organized and conducted by a coordinator/animator who managed the group and directed them toward the exploration of new concepts to achieve greater genericity. All of the participants contributed to the elaboration of ideas and the formulation of invention proposals. At the end, the list of inventions were established and presented to the committee. Each proposition had a number of authors assigned to it who were responsible for exploring the technological proposition on a deeper level and developing it once the idea is issued through the process. It is important to underline the role of the coordinators/animators of these sessions, who played the role of cross-application manager temporarily during each transversal exploration (Table 2). These coordinators push the exploration towards the unknown yet domains and aimed to avoid the incremental optimization of the existing technological solutions which often brings to "weak" invention proposals. As a result, a portfolio of inventions was established to help better valorize and protect the emerging GTs.

Case finding 4. Research project portfolio

The portfolio of PhD projects conducted within ST through 2002-2010 was considered for analysis. These projects are managed within the technology R&D group. Overall, the data represent 405 thesis projects. The projects are classified according to the technological group ownership (similar to the TWGs of the ITRS) (Figure 4). The analysis showed that the research groups primarily managed their project portfolios independently. Each research project lasts approximately 3-4 years, and the results are communicated within the groups and used to define goals for subsequent exploration. The advanced R&D group is largely responsible for the "More than Moore" projects exploration. The resources available are shared within the groups.

For instance, the project portfolio managed by etching group involves 21 projects launched within an 8-year period. These projects are structured within a common goal to "obtain the desired thin film pattern with the next CMOS generation". In 2002, the etching group launched a project that aimed to develop a plasma-etching process of high dielectric constant materials for advanced integrated circuits (CMOS generation 45 nm). The results of this work led to the launch of a new project in 2005 that showed how to achieve infinite etch selectivity by adjusting the power of bias. The results led to the implementation of new plasmas for etching. Within etching and other research portfolios, project interdependencies (especially learning interdependencies) and technological uncertainties are effectively managed. In addition to the classical research project portfolio exploration that delivers solutions to particular business units, the analysis enabled the identification of different types of project clusters (primarily within advanced R&D groups) that attempt to incorporate the recent advancements of each research portfolio and that seek to integrate the notion of market value directly into the research projects. This type of portfolio (4 clusters out of 10) directly incorporated market knowledge and thus resulted in faster market disruption. For instance, the bipolar project portfolio (10 Ph.D. projects involved) and the corresponding roadmap were driven both by the increase in the optical communications data rate and by the emergence of applications at higher frequencies (Chevalier et al., 2007). The portfolio was structured along the bipolar technology adapted for millimeter-Wave applications. It is a technological platform based on a Heterojunction Bipolar Transistor (HBT), which features include many advantages comparing to CMOS devices like their low noise factor, higher voltage and higher resistance for the same speed (for further details see (Chevalier et al., 2007)). The coexploration of technology and markets enabled the introduction of this technology to various markets, such as the rapid download, optical communication, medical, and high-frequency markets. Another previous study (Kokshagina et al., 2013) demonstrated that the technology behind a project was generic and that the portfolio was designed with this reasoning in mind to support and introduce this technology to several market areas. This cluster oriented toward GT exploration aimed to mobilize the resources from all other research teams and to build interdependences with various Bus and external partners to better position the portfolio in multiple markets.
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Figure 4 shows that there are groups that have demonstrated the efficient establishment of a technology-market relationship. In this case, there is no need for transversal exploration toward the GTs, the idea behind is to reduce uncertainties and deliver the best solutions in terms of technological performance to attain higher benefits. Once the levels of uncertainty are higher, the technology under question has the premises of being generic, and the role of clusters for GT exploration becomes advantageous. Furthermore, the lack of communication and visibility could lead to poorly reused results among the groups. For instance, within the etching group, one of the research projects aimed to explore the etching of "through-siliconvia" for 3D integration (another research group). However, this exploration was not organized in collaboration with the 3D integration group, and the knowledge acquired did not incorporate the advancements in 3D fields, which most certainly influenced the quality of the results obtained. The presence of managers (the team coordinator and technology line managers) playing the role of CAMs enabled the company to build the interface within various BUs and R&D centers and to position technologies as generic earlier, which in turn allowed for more rapid technology appropriation by the market through the construction of previous interdependencies. The portfolio organization of the R&D projects enabled effective exploration of the emerging market and technology spaces; it incorporates the clusters dealing with unknowns, uncertainties and risks. The clusters dealing with both unknown technologies and markets require the presence of CAM to coordinate exploration towards the successful GTs design.

The work on innovative research portfolio management can bring new tools and frameworks for companies confronting technologies challenges of increasing complexity in addition to shorter product life cycles. This environment forces firms to rely on R&D as a source of strategy, and companies are inclined to evaluate their technologies from a portfolio perspective in which a set or a sub-set of R&D projects are evaluated together in relation to one another.

Toward cross-application management

The effect of cross-disciplinary exploration, exposure to unknown structure and the constant technology-market coordination process resulted in greater genericity in all of the analyzed cases.

The successful implementation of GTs requires multiple roles to guide the technology and market exploration phases as well as their propagation, appropriation, communication, and management. Exposure to yet unknown markets and technological structures provides an opportunity for project leaders to proceed toward GT development and to address multiple markets. Although these transversal projects offer solutions for several BUs, they often pose challenges in terms of BU investments for technology development, managerial responsibility, technology ownership, and time to market. For instance, BUs need to decide how they will share the costs of platform development and which remaining costs they must pay for market complementarities. To ensure platform adaption by various markets, GT managers must manage these organizational risks. Additionally, GT managers must be able to ensure platform insertion into both existing markets that can generate profit in the short term and emerging markets to ensure long-term growth for GT.

In summary, portfolio structuring for GT motivates managers to seek transversal ideas to address several market areas (existing and new areas) and new original technological solutions that are flexible and robust to address several environments. Managers should privilege a variety of market applications while reusing the existing technological competences and developing new competences with minimal costs of re-adaptation between future modules. These results indicate the existence of an actor(s) who has the expertise to identify missing technologies and markets and to construct interdependencies. We refer to this actor as cross-application manager. The role of the CAM appears to be pivotal in the pursuit of GT design.

The CAM must coordinate the exploration between various technological and market groups. His role is primarily responsible for the identification of opportunities within a portfolio and the creation of future interdependencies within technological alternatives and marketing opportunities. The CAM should be able to mobilize technical experts to assess the technological character to estimate whether the emerging technology has the potential to address emerging market needs. Thus, the CAM should mobilize GTs and organize their exploration such that they are able to attract market functionality and to provoke further market exploration (Table 2). In summary, the CAM should be able to 1) manage multiple technology and market exploration simultaneously in a double unknown context; 2) know the functional structure of emerging and existing markets within various business units and their existing technological portfolio; 3) evaluate external and internal R&D technological portfolio and reveal the character of technologies while identifying knowledge voids; and 4) be responsible for identifying opportunities for generic technology development.
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Discussion and conclusion

Theoretical and managerial contribution

Cross-application manager and corresponding organizational structures

The current paper investigates the role of management in generic PPM in situations with unknowns. The presented work shows that the design of GT requires a new actor in organizations -a cross-application manager who is able to ensure the interaction of innovative concepts developed in different business and research lines. This figure may be challenging to identify, and the necessary level of expertise is difficult to achieve without relevant experience, but this role appears to be necessary for the processes of genericity building and portfolio constitution. Through the process of unknown exploration, this actor permits the coordination of creativity within an organization.

The multiple case analyses reveal that the GT appears to be successful when managerial support is present and pilots the transversal technological and market exploration. For example, within the business innovation process in Case 1, the project leaders who privileged genericity succeeded in developing a generic platform for several markets. More importantly, the generic projects were the only ones that were considered successful within the context of these challenges. The existence of the technology working group "More than Moore" in Case 2 and its accomplishments, which were oriented toward the exploration of the double unknown, relies heavily on the involvement of its coordinator(s). He privileges the construction of roadmaps in double unknowns based on the identification of generic functions (Cogez et al., 2013). The success of GT exploration is correlated with the existence of an actor playing this role at least temporarily. For instance, Case 3 shows that the coordinator(s) and/or animator of the patent exploration session temporarily plays the role of crossapplication manager to orient the group toward generic portfolio exploration to ensure both the generic character of technologies and the multiplicity of future uses. Case 4 corresponds to the R&D management model for radical innovation exploration [START_REF] O'connor | Organizing for radical innovation: an exploratory study of the structural aspects of RI management systems in large established firms[END_REF], which focuses on discovery and goes beyond the role of R&D as BU's exploration centers solve their engineering development needs. As O' Connor and DeMartino (2006) indicated, these R&D groups require greater business development skills and seek to explore transitioned projects. Likewise, the advanced R&D groups at ST attempt to design GTs, which requires the long-term strategic vision of the groups' leaders and their capacity to position and orient scientific discoveries toward more profitable business needs. Another similar model [START_REF] O'connor | Organizing for radical innovation: an exploratory study of the structural aspects of RI management systems in large established firms[END_REF] is comparable to the organizational structure observed in Case 1. As the authors stated, this model simultaneously privileges the discovery and acceleration of the technology and market platforms identified by companies executives. In this model, the cross-application layer is managed by the project leaders of each generic portfolio and by challenge organizers as well.

The figure of CAM supports the changes in both markets and technological exploration and the operating conditions that are directly linked with the innovation capabilities of organizations [START_REF] Green | Hidden innovation in the creative sectors[END_REF]. The platform leader and his role comprise the interaction with a large number of complementarities that occupy peripheral positions (Gawer, 2010).

Similar to the platform leader, the role of CAM comprises the interdependencies that accumulate to further promote the portfolio that is designed as a result of the platform. However, in addition to the duties of platform leader, the CAM role also comprises generic core identification and building.

Toward portfolio structuring in unknown situations

This research creates new perspectives for high levels of uncertainty management in the processes of exploring emerging industrial sectors (Rothwell and Gardiner, 1989). This study contributes to the field of innovation management with respect to the efficient combination of contributions from multiple project perspectives. Resource limitations require an organization to strategically allocate resources to a subset of possible projects [START_REF] Dickinson | Technology portfolio management: optimizing interdependent projects over multiple time periods[END_REF]. Portfolio risk management seeks to reduce uncertainty by better estimating the risks in a portfolio; it is not a design process. However, an exploration project can be financed to reduce technical uncertainty or, according to the markets, to gain knowledge to reduce uncertainty in consumer behaviors. The projects that attempt to design GTs enable, as shown by this paper, the organization and structuring of portfolios under contexts of high uncertainty. The generic project is the core of a portfolio and must ensure its independence from the set of possible specific contests (such as specific market applications) and must create interdependencies with the emerging markets. The generic platform must be attractive for multiple markets and must provoke their creation.

To develop successful GT exploration, the organization of portfolios in unknown contexts becomes critical. To account for successful exploration, it was demonstrated that in unknown situations, both uncertainty and interdependency management are crucial. The portfolio design based on GTs is helpful for building more balanced portfolios. Long-term strategic and less risky application-specific projects are balanced within such portfolios. Moreover, such a portfolio is balanced by the constant resource interdependencies created during the building of the portfolio [START_REF] Meskendahl | The influence of business strategy on project portfolio management and its success-A conceptual framework[END_REF][START_REF] Killen | Project portfolio management for product innovation[END_REF].

Companies that engage in the exploration of generic (general-purpose) technologies naturally link their portfolios with their strategic orientation. Generic project portfolios reduce unknowns by enhancing the cooperation among technological, market, and strategic research units and thus create synergies within portfolios (Loch, 2008[START_REF] Cooper | Portfolio management for new products[END_REF]. The economic success of a portfolio depends on its commercial and market success [START_REF] Shenhar | Project success: a multidimensional strategic concept[END_REF]. When coordinating portfolio structuring in the context of unknowns, the CAM encounters double difficulty, as potential value is difficult to estimate because of the rapidly changing industrial environment and high volatility.

Despite the challenges associated with environments with high uncertainty and high velocity common to high-tech industries such as semiconductors (Cohen and Levinthal, 1989), this work shows that it is possible to account for portfolio management in unknown environments through the design of generic technology that creates interdependencies within technologies and markets and that constitutes a portfolio to explore this technology and its market derivatives. This study has demonstrated that earlier efforts in portfolio organization enable reducing unknowns and accounting for higher genericity. Moreover, the possibility of incorporating new projects over time signals the flexibility and easier adaptation of a portfolio in the face of new challenges.

Further research and implications

This research demonstrates the importance of the cross-application manager in structuring and guiding portfolios of GTs. This study contributes to examining the link between the organizational structures and necessary competences for portfolio organization to account for PPM in unknown environments. The empirical understanding of the issues of GT exploration in highly uncertain, dynamic environments and the associated role of management were added to the interdisciplinary PPM context. This research provides a new perspective on the strategic management of innovation through portfolio structuring.

Generally, the literature confirms the interest in developing GTs (Youtie et al., 2008, Maine andGarnsey, 2006). However, methods of organizing the development of generic radical technologies and associated management techniques remain understudied. In terms of the contribution to the literature, the proposed paper attempts to address the issue of designing GTs, to provide insights into portfolio organization to account for genericity and to define the importance of the managerial role (defined here as the cross-application manager) in accounting for GT design. However, this research is limited to the empirical context of the semiconductor industry. The findings must be verified in the larger context and within various industries. The sample size should be increased, and the effect of GT presence on the success of the overall portfolio must be quantified. The conditions in which a company must privilege GT exploration within a portfolio and organize its exploration in the context of unknowns remain to be identified. This paper could lead to new research avenues in the field of creativity and cognition in relation to new competences that can be used to cope with unknowns. For instance, techniques that have recently emerged in using enhanced interactions through communication, boundary spanning (Rapp et al., 2013) or enhanced cognitions (Agogué et al., 2012) to overcome fixation effects could potentially be used to enhance genericity and to cover larger application areas.

Finally, our findings bring new perspectives to GT development from the PPM perspective. The results of this research provide important insights into the governance of unknown situations and clarify the capability of actors in coordinating exploration when both technology and markets are unknown. 

Introduction

Organizing ideas contests (ICs) to attract contributions from wide-ranging participants has become more and more popular. To discover new ideas for future business and R&D effort, technological firms often organize internal brainstorming sessions [START_REF] Schulze | Organizational knowledge creation and the generation of new product ideas: A behavioral approach[END_REF], crowdsourcing with universities [START_REF] Perkmann | University-industry relationships and open innovation: Towards a research agenda[END_REF], industrial partners [START_REF] Eickelpasch | Contests for cooperation-A new approach in German innovation policy[END_REF] and potential customers such as BMW [START_REF] Füller | Virtual product experience and customer participation-A chance for customer-centred, really new products[END_REF], IBM [START_REF] Bjelland | An Inside View of IBM's' Innovation Jam[END_REF] and Siemens [START_REF] Schepers | From Idea to BusinessHow Siemens Bridges the Innovation Gap[END_REF]. ICs are widely deployed in industrial contexts, and so have gained increasing interest from economic and management scholars [START_REF] Adamczyk | Innovation Contests: A Review, Classification and Outlook[END_REF].

Technological firms and ideas contests in which organizers attempt to overcome particular technological lock-ins or open up new application areas have a long common history: we mention just few examples. In 1913, the International Association of Recognized Automobile Clubs announced in Paris that they were offering a prize of $100,000 (nearly $2.5 millions nowadays) for the best fuel (other than gasoline) to use in internal combustion engines in an effort to address the rapidly increasing price of gasoline by interesting chemists developing "a fuel which cannot be rigged or cornered by any nation or combination of national interests". In 1959, the physicist Richard Feynman offered prizes of $1,000 for the development of the first motor measuring less than 1/64th of an inch on each dimension, and for the first text written at 1/25,000th scale (see [START_REF] Kei | Selected Innovation Prizes and Reward Programs[END_REF]).

This paper focuses on idea contests in the case of 'double unknowns'. Double unknowns (or 'unk-unks' (McGrath, 2001) or unforeseeable uncertainties (Pich et al., 2002)) are high uncertainty situations in which neither technologies nor markets are yet known. This does not mean, however, that technological development starts from a green field: rather, in many cases, a profusion of potential technologies are evolving from existing, known seeds. But how they should be developed, which factors really matter, are quite unclear, so that, even if a panel of likely technological candidates can be predefined, the technology is still considered unknown. Markets are likewise unknown, due to the extremely low probability of success. In such cases, of highly uncertain exploration, both usage and technical domains are unstable (Gillier and Piat, 2011).

While such double unknown situations are difficult to manage (Eisenhardt, 1989;[START_REF] Hillson | Exploiting Future Uncertainty: Creating Value from Risk[END_REF], they open the possibility of designing technological platforms for emerging market needs. This paper employs the definition of a platform as "a set of subsystems and interfaces developed to form a common structure from which a derivative products can be efficiently developed and produced", echoing those proposed by (Gawer, 2010;[START_REF] Mcgrapth | Product Strategy for high-technologies companies[END_REF]Muffatto and Roveda, 2002). Such platforms allow generic technologies (GT) to be built where the latest can create value across a broad range of applications (Bresnahan and Trajtenberg, 1995). This article aims to examine the use of ICs in the specific case of double unknown situations via which firms aim to pursue the development of GTs. Surprisingly, the literature on ICs provides few recommendations regarding the double unknown situations. Innovation contests are often organized either in situations where the technological aspects are considered as being known, or users or markets as having been identified. For example, the case where both market and technological uncertainties are high is not represented in the IC typology proposed by [START_REF] Terwiesch | Innovation contests, open innovation, and multiagent problem solving[END_REF] (Figure 1). The literature usually defines the IC as an exchange between a seeker who faces an innovation-related problem and offers an incentive award and a solver who provides the best solution. From this economic perspective contests in double unknown give any value promises neither for seekers nor for solvers.

Our findings indicate that the idea contests in double unknown situations can exist if it follows an institutional logic [START_REF] Coriat | Organizations, firms and institutions in the generation of innovation[END_REF][START_REF] Kanter | How great companies think differently[END_REF]. Institutional perspective determines the social context in which the various agents operate. These actors can be individuals and groups [START_REF] Hartley | Local government modernization: UK and comparative analysis from an organizational perspective[END_REF]. Institutional theory emphasizes that the organizations are more that just a means to produce goods and services, they represent also social and cultural systems. [START_REF] Suchman | Managing legitimacy: Strategic and institutional approaches[END_REF] pointed out that the actors in this case do not just compete for resources but also seek legitimacy. They appear as "vehicles for accomplishing societal purposes and providing meaningful livelihoods for those who work with them" [START_REF] Kanter | How great companies think differently[END_REF]. This logic could help us to gain the insight on the premises of the ICs in double unknown and define the appropriate form for the ICs targeting the design of platforms that enable the development of GTs.

The paper is organized as follows. The first part clarifies the specificities of GT development, and more precisely the particularities associated with platform design. It then continues with an overview of the organization of idea contests in technological contexts, and goes on to outline more fully the problem of organizing and defining ICs that result in the development of GTs and their incubation in high-tech firms. An analysis framework is built based on the main criteria of IC in high-tech firms, and the difficulties and specifics of idea contests appropriate for developing GTs are then considered. Given the exploratory nature of this research, a case study approach was chosen, and research questions derived from the literature are investigated empirically by analyzing the case of a series of ICs organized by the semiconductor manufacturer STMicroelectronics. The semiconductor industry is particularly relevant for this investigation, as it often has to engage in double unknown explorations, and the pervasiveness of their use makes semiconductors a prime example of general-purpose technologies (Miyazaki, 1994;Olleros, 1986;[START_REF] Wessner | Securing the Future: Regional and National Programs to Support the Semiconductor Industry[END_REF]. This study establishes a new IC process that focuses on building generic technologies and enables the transformation of individual ideas into new technological platforms. Overall, this paper proposes a way to encourage joint exploration of the technological and the market domain by introducing the concept of ICs for generic technologies. The originality of these contests appears in creation of coalitions that collectively explore and prepare future generic technologies exploration by mutually improving the quality of submissions.

Theoretical background and hypothesis. Ideas contests in high-tech firms

This section begins by laying out the theoretical dimensions of the research. The first part deals with the features of GT development in double unknown situations, and demonstrates the importance of ICs pursuing GTs. The second part presents a review of the existing literature regarding ICs in high-tech firms. Two forms are described: user-and technologydriven ideas contests (UIC and TIC respectively). Finally, this part considers the limits of the classical ICs for GT development and deduces research questions.

Creation of generic technologies by platform design

Generic technologies have been defined as technological platforms whose exploitation can "yield benefits for a wide range of sectors" (Keenan, 2003). GTs are more likely to emerge in fast-paced dynamic environments (Cantwell and Qui, 2009;Maine and Garnsey, 2006;Miyazaki, 1994): semiconductors, biotechnology, electricity, nanotechnology are domains which are a priori well positioned to take advantage of GTs, given their wide industrial application areas, technological diversity and rate of scientific breakthroughs (Bresnahan and Trajtenberg, 1995;Moser and Nicholas, 2004;Shea et al., 2011;Youtie et al., 2008).

Various benefits of GTs to new companies who develop and exploit such technologies have been noted, among them: the flexibility to extend the scope of initially considered market applications, including to markets of various maturity levels and across various domains; to share risks and decrease R&D costs between several applications; and to help attract venture capital and large corporate investment (Maine and Garnsey, 2006;[START_REF] Shane | Academic entrepreneurship: University spinoffs and wealth creation[END_REF]. For instance, suppose there are 20 independent niche markets, each of which has a 20% probability of emerging. The probability of at least one market emerging at the end is equal to . Thus, if there is a platform that addresses parts of all these markets, its applicability is virtually guaranteed (with a probability of 98%) to emerge in at least one market. By exploring GTs, companies could design solutions suitable for several uses, and so increase company benefits, making the development and diffusion of GTs a key area of their strategy interests.

The literature on generic technologies mostly deals with those GTs that already exist, and prior research has mostly focused on their dissemination and commercialization, providing extensive analyses of GTs from an ex post perspective, i.e., once the technology has been shown to be generic, commercialized and its value been acknowledged. For instance, [START_REF] David | The dynamo and the computer: an historical perspective on the modern productivity paradox[END_REF] indicates that the dissemination of electricity was driven by the invention of the dynamo, which promoted the development of light bulbs and electric motors, and innovations in plant and urban design. This research proposes dealing with GTs at an earlier stage -by studying the design of novel GTs themselves.

For GTs to gain wider diffusion, and thus greater market penetration, their adaptation must be cost-effective, i.e. reach certain levels of efficiency so that they trigger further innovations (Youtie et al., 2008). In this case, their exploration is no longer grounded on a single root technology, but rather involves creating and managing technological interdependencies, so that the initial generic technology gives birth to a richer technological platform (Tierney et al., 2013). In this process, the role of platform owners becomes crucial in encouraging platform adaptation [START_REF] Rochet | Platform competition in two-sided markets[END_REF] and flexibility, so that its application to another domain does not involve a complete and costly redesign. [START_REF] Novelli | )! Organizing! for! Radical! Innovation:! An! Exploratory! Study! of! the! StrucCtural! Aspect! of! RI! Management!Systems!in!Large!Established!Firms.!The[END_REF] named two pre-conditions for building a successful generic technological core: that it is based on scientific principles that pave the way for the development of additional knowledge that will enrich the technology; and that it encompasses multiple distinct technologies that can be combined in various ways to catalyze subsequent development. Generic technologies are more likely to emerge in the case of high-tech companies with advanced internal R&D centers, joint explorations with R&D partners and diversified technological portfolios.

Still, the exploration process for developing generic technologies is often unclear. As Gambardella and McGahan (2010) suggest, businesses problems can arise from the lack of techniques for effectively designing and putting GTs to use, which can require both overcoming existing technological lock-ins and simultaneously investigating new uses. Subsequent challenges include how to transform an emerging technology into a future GT, and how to organize a development process that can broaden the technology's genericity.

Innovation contests: the special case of GT in double unknown situations

Innovation ideas contests -analysis framework

Idea contests are organized to explore both new uses and new technologies. Terwiesch and 1-(1-0.2) 20 ~0.98 [START_REF] Terwiesch | Innovation contests, open innovation, and multiagent problem solving[END_REF] argue that ICs can be modeled as mechanisms by which a seeker (a company, a research center, an ecosystem of actors) facing an innovation-related problem broadcasts the problems to potential solvers, and offers a reward to whoever comes up with the best solution. Various types of systems for managing such ICs exist, including anonymous online contributions, employee-driven idea systems, web-based idea collaborative contests, innovation tournaments organized within or beyond companies, crowdsourcing with external collaborators [START_REF] Gorski | Capturing employee ideas for new products[END_REF].

The literature identifies the following elements of IC organization: challenge initiation, idea generation and selection, idea development [START_REF] Bjelland | An Inside View of IBM's' Innovation Jam[END_REF], while [START_REF] Malone | Harnessing crowds: Mapping the genome of collective intelligence[END_REF] determine the ideation phase as including organization, collection and collaboration; the phase of ideas selection; and their incubation processes. Regarding challenge initiation and idea collection, Jeppesen and Lakhani (2010) emphasize need for openness in innovation challenges, and demonstrated that broad participants' involvement can offer considerable benefits. [START_REF] Terwiesch | Innovation contests, open innovation, and multiagent problem solving[END_REF] give insights into the problem solving efficiency of idea contests focusing on costs and the number of problem solvers, demonstrating that the applicability of the type of challenge vary according to technological and market uncertainty. Moreover, the authors demonstrate that the award system should take into account the type of the innovation problem that seekers face. Levels of managerial support, resources and awards, competitive or collaborative environments can influence participants' motivation and the final results of the challenge [START_REF] Bullinger | Community-Based Innovation Contests: Where Competition Meets Cooperation[END_REF][START_REF] Neyer | Integrating inside and outside innovators: a sociotechnical systems perspective[END_REF]. The advantage of ideas contests to support new business development at the early stages is widely underlined in the literature.

Evaluation criteria need to be established for the idea selection phase, and various criteria have been suggested: [START_REF] Poetz | The value of crowdsourcing: can users really compete with professionals in generating new product ideas[END_REF], for instance, report an example where the quality of ideas was measured according to their novelty, customer benefit and feasibility. The idea development or incubation phases then seek ways to create better value from the ideas, by exploiting them either externally and internally [START_REF] Alexy | Managing innovation-Managing Unsolicited Ideas for R&D[END_REF].

Innovation ideas contests in technological contexts: user-and technology-driven ICs

Our literature review enabled us to distinguish two types of ideas contests organization in technological contexts: user-driven (UICs) and technology-driven contests (TICs) (see Figure 1).

UICs are generally open to large audiences, and so have also been labeled "crowdsourcing" [START_REF] Penin | Crowdsourcing of inventive activities: definition and limits[END_REF]. The themes are often broad, simple and easily comprehensible, and the technological principles involved, their limits and advantages are often well-known in advance. [START_REF] Kristensson | Tuning Users' Innovativeness During Ideation[END_REF] argue that it is better to avoid prescribing technical details ex ante if users' imaginations are to be stimulated. In this case the exploration process aims to re-use the principles underpinning an existing technological portfolio to create new uses and functionalities [START_REF] Stopford | Creating corporate entrepreneurship[END_REF]. In this manner, Bluetooth hold an annual contest to generate new product ideas that use Bluetooth v4 in conjunction with low energy technologies. The 2012 winner created the CoreMD device, which can sense temperature, heart rate, or interstitial glucose, alert the user that a certain threshold has been reached, and even administer drugs such as insulin, glucagon, or amylin [START_REF] Bluetooth | Bluetooth Innovator of the Year 2011 Honored at ISPO Munich[END_REF]. User ideation contests (UICs) target a list of new product offers, new applications that the seeker can develop using existing technological solutions. UICs are often launched during the fuzzy front end phase of new product development (Reid and De Brentani, 2004) where a technology is pre-defined, and the uncertainty is in the possible markets, so the aim is to identify previously unexploited market applications: thus deploying a 'technology push' logic (Linton and Walsh, 2008). The challenge in such ICs is to find new market functionalities, new uses, to offer new products to existing markets, or even to develop new products which will create new markets: managerial support mostly concerns challenge evaluation and creating a competitive atmosphere.

The openness of such contests is high in order to find wider functionalities, so the requirements for entering the competition are low [START_REF] Dahlander | How open is innovation?[END_REF]. For instance, [START_REF] Magnusson | Exploring the Contributions of Involving Ordinary Users in Ideation of Technology-Based Services[END_REF] showed that pioneering users' ideas can bring higher user value and originality, and can even break the dominant logic of a company. Once the idea collection process is over, the competition support team evaluates the ideas based on classical value management criteria (e.g., Net Present Value, probability of success), and those selected are developed during an incubation period. Still, solvers experience uncertainty in seekers taste, in their preference. Rewards can take various forms: financial rewards in the case of crowdsourcing, increased reputation in the relevant user community, or even the possibility of employment as part of a new product development effort to commercialize the idea [START_REF] Piller | Toolkits for idea competitions: a novel method to integrate users in new product development[END_REF]. User ideation often solves problems in the short-term, offering high number of incremental and achievable innovations: the results will depend greatly on the users abilities and proficiency [START_REF] Heiskanen | Constructing innovative users and user-inclusive innovation communities[END_REF]. There is risk of choosing a technology that will not generate enough applications and results, and in developing functions, which are too specific and cannot be reused to address a wide range of other needs. 'Ideas from the crowd' are often criticized for their immaturity and low degree of elaboration, or even because the solutions proposed are too far from the companies' existing strategies [START_REF] Bayus | Crowdsourcing New Product Ideas Over Time: An Analysis of Dell's Ideastorm Community[END_REF][START_REF] Magnusson | Exploring the Contributions of Involving Ordinary Users in Ideation of Technology-Based Services[END_REF]. [START_REF] Penin | Crowdsourcing of inventive activities: definition and limits[END_REF] have shown that crowdsourcing can be best applied when a problem can be clearly defined and the solution legally protected. UICs resemble the "ideation project" suggested in [START_REF] Terwiesch | Innovation contests, open innovation, and multiagent problem solving[END_REF] framework which deals with uncertainty in the performance function -on whether or not the user/seeker will like the solution (see Table 1 for UIC description).

The second type of idea contest (TICs) entails more technical investigations. When it comes to high-tech exploration areas the problem complexity increases, since innovations in such areas often require specific technical expertise to recognize and exploit ideas, so such contests are usually restricted to narrower audiences. These are expert-based challenges, which aim to upgrade -perhaps significantly -the technologies currently applied to given applications or contexts, or even to solve technological lock-ins. This resembles [START_REF] Terwiesch | Innovation contests, open innovation, and multiagent problem solving[END_REF] model of trial-and-error project which seeks solutions to well-defined problems, where there is high technological uncertainty about whether the solutions will work. In TICs solvers cannot anticipate performance of future solutions, the landscape appear to be extremely rugged and experimentation is required.

For instance, a contest was organized in the well-known global innovation marketplace InnoCentive, to identify a method or technology that could accurately detect and locate small losses of pressurized fluid from supply networks [START_REF] Innocentive | Accurately Locating Fluid Loss in Complex Networks[END_REF]. In this case, the context parameters were fixed, and the aim of the challenge was to discover new technology features which could open new market opportunities or improve existing applications. Likewise, NASA launched a new open innovation challenge to find a solution to maximize the amount of solar energy that the International Space Station could harvest: the challenge was open to anyone, with a $30,000 award to the winner [START_REF] Bratvold | NASA Launches Open Innovation Challenge to Improve the International Space Station[END_REF]. In these examples, the seeker pursued new technological solutions to resolve identified problems: both the field of exploration and the future uses of the discovered technology were already known.

The aim of TICs is to develop technological prototypes, obtain proof of concepts for market applications or contexts of technological uses that are specified in the challenge. The goal is to find more robust and better performing solutions, and the logic can be seen as 'market pull' (Brem and Voigt, 2009) -as exploration to find the most suitable technology to address market needs. The uncertainty is in the technology, and the process can be formulated as: given defined market areas and scopes of use, the seeker aims to discover new technological principles that can lead to new technical solutions or can significantly improve the performance of existing ones. For instance, the seeker in one InnoCentive Challenge -United Healthcare -desired prototypes of novel combinations or modifications ('mods') of existing, off-the-shelf technologies (including computer software and smartphone applications) that could be used to motivate people to make healthier lifestyle choices and/or help manage chronic health conditions more effectively (Innocentive, 2013). Since new or updated technological solutions need to be developed, these challenges require more specific expertise, so the openness of the contest low. Due to the need for proof (via demonstrations or prototypes), the duration of the challenge is also usually longer. The goal is to discover more innovative and higher performing technologies at reduced development cost to the seeker [START_REF] Baldwin | Modeling a paradigm shift: From producer innovation to user and open collaborative innovation[END_REF][START_REF] Moseson | Development By Technology Seeding[END_REF], and the support team evaluates the ideas based on performance and robustness criteria. The incubation phase consists of technology development (See Table 1 for TIC description).

Insert Figure 1 about here

Towards a new logic for ICs in case of double unknown: form economic to institutional perspective

The classification of innovation challenges adopted in this study corresponds to that proposed by [START_REF] Terwiesch | Innovation contests, open innovation, and multiagent problem solving[END_REF], who defines three types of projects according to the market and technological uncertainty facing the seeker: trial-and-error (similar to TIC), ideation (UIC) and expertise-based projects (Figure 1). The expertise-based challenges are relevant when seekers and solvers have similar beliefs. According to [START_REF] Terwiesch | Innovation contests, open innovation, and multiagent problem solving[END_REF], in this case seekers face uncertainty regarding the future performance of proposed solutions.

We are interested in identifying a type of IC that is adapted to the case when both markets and technologies are highly uncertain (unknown), which have not yet been analyzed in the literature. In this double unknown situation, ICs need to cope with situations of simultaneously unstable markets and technologies, and where both dimensions are likely to be evolving at the same time [START_REF] Gillier | Managing Innovation Fields in a Cross-Industry Exploratory Partnership with C-K Design Theory[END_REF]. Thus it is hard to predefine desired technological principles so as to involve users in the ideation process from the beginning (as in UIC -see Table 1), and user involvement is also tricky in high-tech contests due to the lack of understanding of future uses for identified technologies. For instance, it would have been difficult to foresee how the piezoelectric vibration principle could be used to deliver a haptic feedback featured in various tablets and smartphones, or the light emitting polymers now widely deployed in flat panel organic light emitting diode (OLED) displays. To predict such outcomes would have required very high levels of expertise in both marketing and technological areas. The classical ICs are based on the established seekers -solvers relationships where the latest are attracted by the appropriate rewarding systems. Then, from the economic point of view the ICs in double unknown does not bring any commercial value: 1) there is no potential market value or clear market needs; 2) technological performance and even the technological alternatives are unknown. Thus, It appears extremely risky for seekers to launch the contest in this situation. Moreover, the incentive award schemes to motivate the solvers are not evident to establish. We claim that institutional logic can provide new insights on the definition of ICs in these cases. In fact, the scholars have pointed out that innovation is enables us to examine GTICs in their natural setting, and is relevant since our goal is to gain insights into the organization of such contests, rather than to validate hypotheses. The study setting is the semiconductor industry, an environment which faces high rates of both innovative technology development and of new market creation (Teece, 1986), and where the probability of GTs existence a priori is high (Miyazaki, 1994;Olleros, 1986). STMicroelectronics (ST), Europe's largest semiconductor company, has organized ICs of various types: for instance, the Innovation Cup -a UIC organized in 2011-involved students from different European countries in imagining new applications for ST products. The R&D centers of STMicroelectronics' existing business units are leading many innovative activities to explore various new product development and technologies for the markets which they address. It was felt, however, that these innovation processes were leaving out innovations which could deliver potential solutions for several market areas, but which would not promise to involve volumes big enough to be financed by individual business units. To allow for the development of such "transversal" innovations, two French STMicroelectronics sites -at Crolles and Grenoble in the Rhone-Alpes region (known as the 'French Silicon Valley', specializing in microelectronics and nanotechnologies) employing between them over 6400 people -decided in 2009 to develop a unique idea contest named Business Innovation Process (BIP). BIP aimed to run a series of challenges which would target transversality, ecosystem development and value for users (and for ST) by developing future innovative solutions designed to address several business areas, and was launched:

"to boost Grenoble and Crolles' sites contribution to ST value creation through better innovation and better use of local clusters" [START_REF] Bip | Business Innovation Process: Challenge à idées Crolles -Grenoble [Online[END_REF] An internal ST magazine article announced the first innovation week and further challenges thus:

"Up to now we haven't fully taken advantage of either [START_REF] Design | Patent! is! a! result! of! research! on! inventive! activity.! The! relations! between! patents,! innovation! and! R&D!over!time!has!been!shown!by!various!researchers!(Granstrand,!1999[END_REF] the complementarities of the two sites: Crolles (expertise in development of technological platform, device design flows, and manufacturing) and Grenoble (expertise in advanced packaging completing the technological offer with marketing, design and sales of our products); or (2) the presence in the Global competitive cluster of Minalogic and other industrial leaders such as Schneider Electric, Becton Dickinson." (Cogez, 2010a) The two sites involved in this IC specialized in very diverse technologies, so the contest was very open on the technology side, and (as noted in Appendix A) the wording regarding the target markets and uses allowed for a wide variety of solutions. Initially restricted to company employees, the idea submission process was later on open to regional university students, who were also given the opportunity to accompany some of the selected proposals through the idea development phase, which allowed for the integration of knowledge from other domains and enlarged the exploration area. So the overall process was clearly positioned to address the double unknown situation.

Data collection

To analyze STMicroelectronics' series of innovation challenges thoroughly, we collected data over 3 years of challenges from 2009 onwards, which were entitled "Real Sense", "Green Energy" and "Make life easier and better for everybody". 36, 18 and 67 participants submitted ideas to these challenges respectively (see Appendix A for further details), and participants could submit multiple ideas. We conducted semi-structured interviews with both seekers and solvers of the three ICs from Grenoble and Crolles ST sites, mostly ST employees and participants from the external research centers and regional universities involved in ideation process. Overall, we conducted over 30 interviews with specialists both from marketing and technical backgrounds, from strategic and operational units, from both Crolles and Grenoble sites and from external participants (intern students and universities involved in ideation), who were involved in submitting ideas, in organizing the contests, in selecting ideas, and in their subsequent incubation phases. The interviewees included idea submitters, commentators, project participants in projects developed from contest ideas, and members of the Core Innovation Team (CIT), who organized the contests and the Innovation Venture board (IVB) members, who played the role of internal customers for the proposed ideas. This allowed us to understand the multiple sources of influence on the challenges and revealed conflicting views on the issues analyzed in the paper. We reviewed secondary sources -supporting documents including internal press releases, innovation week programs, flyers, the three databases used to collect ideas for each contest, the evaluation committees' assessment reports, presentations of selected ideas at the various milestones, communication e-mails from CIT to company employees. We also ran an anonymous survey to obtain general feedback on the organizing process, including from contestants whose ideas were not chosen to be followed up. The overall rate of survey response was 50% (around 40 responses in total). See Appendix A for transcripts of the anonymous survey questions.

Data analysis

We triangulated our case study analyses against the internal IC organization data we collected to check the internal validity and reliability of our chosen methodology¸ and also triangulated our derived analysis against the BIP organizing committee's judgments. This enabled the continuous involvement of that committee, conforming with the guidelines of engaged scholarship (Van de Ven, 2007) and collaborative research (Shani et al., 2008). The third author was directly involved in the organization of all three innovative ideas contests, and was a part of CIT, which allowed us to gain insights into the entire process, from the ideas contest organization, the idea collection phase through until the end of the incubation period. The first and second authors analyzed the data independently from their external position. We shared our analysis of the projects that went through the BIP contest process with company representatives, which enabled us to identify the GT innovation patterns involved.

Case description. Business Innovation Process (BIP)

The following section describes the challenge according to the elements previously introduced in the Table 1, which we present and analyze separately.

Challenge initiation

BIP is an internal initiative organized by STMicroelectronics to support its innovation efforts by "filling the gaps left by the division of internal innovation processes and managing transversality" [START_REF] Cogez | Domaine d'expertise. Le BIP (Business Innovation process). Le BIP s'approche de son premier anniversaire, Edition locale -Site de Crolles[END_REF]. BIP involved 3 annual innovation challenges starting in 2009 which each concentrated on different themes. The contests were announced via the company intranet, mail announcements, special posters and flyers and launched by innovations weeks designed to detail the particular challenges and suggest ways to tackle them. Various academic and industrial actors were invited to raise the awareness of ST employees at Crolles and Grenoble about innovation issues and processes. Plenary sessions were organized during lunchtimes to allow for wider attendance, and technological showroom visits and coached brainstorming sessions were also organized during the innovation weeks. The purpose was to increase the visibility of BIP and participation levels, and to identify people interested in tackling innovative issues. The innovation weeks also served as a basis to launch the collection of ideas.

The CIT, which involved around 15 specialists from ST business, R&D and strategic units departments, was in charge of both organizing the contests and evaluating the idea that were submitted. CIT members were responsible for putting the process and tools together, for sharing information and ideas, establishing relationships and networks, and collecting ideas from potential innovators and transforming them into innovation proposals, for tutoring project managers, for choosing which ideas were selected and transformed into exploration projects, and assisting in building project teams. These solutions were to provide new user experiences by reusing combinations of emerging technologies that were mostly new to ST.

The "Green Energy" challenge (organized in 2010) aimed to explore two distinct areas of energy management leading to two sub-themes: 1) "Instant power, wherever I need it" -announced as: "It is necessary to invent products, services, applications that transport us to the world where we will be able to access as much energy as we need for whatever we need it for. The ideas should address energy production or increase energy recuperation, or decrease energy losses during its transportation for various needs" (Cogez, 2010a) and 2) a "Master your power, yes we can" theme, asking contestants:

"to imagine the products, services, applications that enable us to control our energy balance sheet as a consumer or producer, and to explore new energy sources" (Cogez, 2010a) The 2011 "Make life easier and better for everybody" contest targeted ideas to:

"help people who are fragile in the face of their environments…by developing solutions that allow them to live easier and better. These solutions should have a potential to apply to everybody". (LeServiceCommunication, 2011)

Analysis: IC for dual marketing and technological explorations

This step shows that all the three challenges sought to explore ideas in double unknown fields, where neither markets nor technologies were fixed at the beginning. So the general character of each exploration was quite open: each call was designed to attract new ideas in both technologies and usages. This was made possible by the challenges being organized at the ecosystem level, with experts from different BUs, R&D centers, regional universities and partner research centers from Rhone-Alpes region contributing to broaden contests areas and integrating knowledge and expertise from various domains to enable the pursuit of transversal exploration. Challenged by the market needs from the various BUs and technological constraints, participants were pushed to think 'outside the box' of their day-to-day work concerns, to consider emerging technological opportunities that could fit several BUs and even create new ones. By bringing people with different knowledge backgrounds to work together, keeping the challenge boundaries quite open and favoring long-term transversal innovations, CIT members anticipated both usage and technology explorations at the same time. ICs in this case do not correspond neither to the UIC where solvers aim to create the best possible presentation in order to attain higher potential benefit for a seeker; nor to the TIC where solvers experiment to find the technological alternative which provides the highest performance. Here the effort is clearly made to motivate solvers to reuse the existing and emerging technological principles, to develop new ones and explore yet-unknown markets.

Ideas generation and selection

The contest calls normally lasted 1-2 months, and ideas were collected electronically via the company's intranet website: some that had been collected during the initial innovation week brainstorming sessions were submitted on the website in advance. The number of ideas collected from ST employees during each challenge was 33, 60 and 110 respectively. Participants could submit multiple ideas, or could submit single propositions collectively.

The idea contests were open to all the employees on both Crolles and Grenoble sites: they could participate and contribute by sending their own ideas, or simply by commenting on and thus enriching those already proposed. Submissions had to give precise details of the concept, proposed application areas, their source of inspiration (e.g., if similar concepts already existed) and the idea's potential advantage for ST by listing potential business units that might use it. The third challenge was also opened up to the innovation classes of several regional universities, which raised the total number of ideas collected to 128. During the collection phase, contestants, committee members and company employees had an opportunity to enrich, comment on or even challenge the ideas that had been submitted online. This phase was followed by evaluation and selection, after which the most interesting ideas were clustered into exploration projects. (The numbers of participants and number of ideas submitted, selected and clustered in each challenge are given in Appendix B.) Submitted ideas were initially evaluated according to their originality, their potential applications, the opportunities they offered ST, the implementation effort they were like to incur in the long and short term and their transversality (meaning their breadth of application and involvement of different ST actors.

For instance, the 3DTouch idea came from the 2009 "Real sense" challenge, and the initially submitted idea gained high marks thanks both to its disruptive nature and its wide market potential: "Based on the material's properties (tissue, wood, leather…), a MEMS actuator can simulate the surface of the object to the customer at home and help him to select/buy. This solution can be dedicated to medical applications to establish diagnostics at a distance, [to] e-commerce applications…" (BIP, 2009a).

The idea involved using an active surface to simulate the haptic sensation of touch. Haptic technology is a tactile feedback technology that takes advantage of the human sense of touch by applying forces, vibrations, or motions to give such sensations to touch screens and video games. The proposition's breakthrough character set both technological and business model challenges and led to the pursuit of both market and technology explorations. Likewise, the Fourmis idea (submitted to the 2010 "Green Energy" challenge) proposed a breakthrough thermal-mechanical energy conversion technology to transform continuous heat flows into electricity. This was recognized as a generic solution (although the term was not used at the time) that could be used in many systems, and had the potential to address a wide range of market applications, such as mobile devices, intelligent buildings, structural monitoring, body sensors, smart grids, photovoltaic complementary systems, etc. In both these cases, the potential for these ideas to be developed towards generic technologies was evident in the originality of the initial ideas.

In other cases, ST adopted an alternative strategy to surface generic technologies. Some individual ideas that were close to each other were clustered together, and CIT members suggested to further develop them within a single project, also taking advantage of the feedback given by other users during the submission process, which enhanced the initial propositions. Participants who proposed similar ideas would thus often end up forming exploration groups together.

Analysis: Opening the scope of ideas submission through collaboration

Following the UIC definition, the selection committee would have to describe its preference towards a certain proposition using its potential market value or any other chosen criteria (e.g., proposition attractiveness, its clarity). By using TIC mechanisms decision makers would verify if the proposal corresponds to the desired performance, development and implementation costs. In BIP, the challenges were organized in collaborative manner: ideas could be commented on and enriched, and the openness of the contests to other participants' judgments helped to enlarge the market and technology areas that were explored (see Appendix B). Some ideas initially submitted as single market ideas were enriched by the comments of other participants who recognized their potential value in other application domains. Technological ideas -which were mostly came from members of the R&D groupswere challenged by specialists from BUs as to their suggested application areas, particular in terms of their ability to meet client needs, and this feedback increased the probability of ST gaining transversal ideas, and thus of developing GTs. Participants had to state the value they thought their proposed innovations could bring to the ecosystem as a whole -not just to particular markets -which encouraged them refine their ideas submitted towards a wider, more generic scope. CIT members instead of selecting the best proposals privileged partnerships creation between solvers, motivate them to work together and aim to orientate exploration, while privileging learning to competition.

Analysis: From singular ideas to the emergence of platform ideas

While this was not explicitly stated during the discussions, CIT members favored those ideas that displayed generic potential, and tried to identify individual ideas that were more likely to be able to be transformed into generic platforms during the exploration process. We observed two ways in which future platforms were identified. In the first, the individual ideas already displayed generic potential (the '4.2.2.1. Identification of singular ideas with generic potential' section below exemplifies the identification of genericity), while in the second, similar ideas were transformed into generic clusters (the '4.2.2.2. Generic Ideas from Clusters' section demonstrates this clustering process).

A mechanism to match technologies and markets was needed to construct generic ideas. Kokshagina et al. (2012) showed that in double unknown contexts, even though both dimensions are highly uncertain, it is possible to predefine the set of functional combinations for emerging technologies and markets. The exploration phase can then be seen as a process of matching the potential functions that markets seek and that technologies can accomplish, which allows us to verify and characterize technologies and markets accordingly. According to (Gawer and Cusumano, 2008), a platform is a structure that has a common core which ensures essential functions and addresses needs that are common for several players. These functions are generic, so they ensure the diffusion of the platform and its adoption by market derivatives. In this case markets can by defined by the functions they seek to offer, and technologies by the functions they address. The notion of functions gives us the possibility of working on technologies and markets without directly considering technology-market couples. In this study, we consider generic ideas as proposals that attempt to build platforms and GTs. Generic ideas can be characterized by the markets they attempt to address M i , the underlying technological principles T i that need to be developed and the functions that T i allows to fulfill, or that M i is requesting. For example : the technological principles underlying "inertial MEMS" allow to fulfill the function "acceleration measurement", and the market "car safety" request that function (to detect the need for airbag deployment). In the following section, we describe how the 3DTouch project developed from the 3DTouch idea by specifically distinguishing T i , F i , M i .

Identification of singular ideas with generic potential: The case of the 3DTouch platform

The key proposal of the 3DTouch project lay in the ability to physically sense the texture of an interactive device. The 3DTouch idea aims to transmit more complex information to the user than the simple acknowledgement of a command by using the high tactile sensitivity of the fingers, and attempts to develop a technology that provides rich haptic feedback via one or more vibratory actuators, which are excited by electrical signals. As initially submitted, the idea attempted to maximize the number of targeted environments including e-commerce applications (e-shopping for clothes, furniture,…) M 1 , tactile keyboard elements integrated on the reverse sides of devices to enable faster navigation for consumers, automotive applications where vision is limited and 'typing blind' becomes necessary M 2 , gaming M 3 to enhance immersion, gesture learning, medical diagnosis M 4 through surface simulation using MEMS or piezoelectricity actuators (see Figure 2). Each market environment requires different functions to be addressed, and adds particular constraints. The main idea is to use the active surface to simulate touch by integrating vibratory actuators into various objects of which some part is handheld. For instance, addressing M 1 by developing a tactile touch panel, which is associated with a tablet or smartphone display, or using an external device with tactile properties, requires the development of various functions. To enable different sensation effects on tactile screens vibration effects must be integrated by using piezoelectricity technologies. Moreover, a database of various vibration simulations according to the tissue properties F 1 should be built; actuators should be integrated and controlled F 3 . For multitouch displays the touch layer needs to be transparent F 2 , the surface should be capacitive F 4 and the solution must be low power and low voltage F 5 . For M 2, M 3 actuators need to be smaller and their compatibility with capacitive sensors should be achieved at both screen and control levels. To develop a generic technology a solution should address all the functions identified as being required by the market domains M 1 , M 2, M 3 , M 4.

Even if all these market domains require haptic multitouch technology and seek for common functions F 3 , F 4 , F 5 , some functions are specific to each application and can even appear to be mutually exclusive (i.e., screen transparency management and actuators management). Moreover, a technology that would explicitly address functions required by all identified applications requires a complicated and most probably expensive technological exploration. The goal is then to reuse the existing technological principles T 1 , T 2 , T 3 to form a platform that addresses generic functions F 3 , F 4 , F 5 , and to address the mutually exclusive functions via separate modules once the platform is built.

The CIT members recognized the idea as generic since it demonstrated the ability to address applications in various environments with limited resources. In practical terms, the generic idea should indicate a method to develop a platform that is independent from the generic environmental functions and dissociates them from the modules that are adapted to address specific functions. Technological platform building realizes the generic potential of an idea, enabling existing uses to be enhanced and new ones developed. In this case, the prototype stage resulted in a generic platform which incorporated both transparency and multi-vibration principles with enhanced user perception and embeddable low power solutions (F 3 , F 4 , F 5 ). While this prototype could not address any market directly, it did create a GT platform with a high probability of being used in several applications.
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Building generic ideas: cluster building strategy. The case of sensing detector network

We observed two modes of clustering single ideas: 1) cluster creation based on technological principles 2) cluster creation based on functional combinations. We discuss an example of the first below (for reasons of clarity), but cluster creation based on functional combinations follows similar processes.

In the 'Green Energy' contest, the individual ideas 1 -3 (see Figure 3) were intended to address various applications: M 1 intelligent power management (Idea 1), M 2 smart building heat management (Idea 2), M 3 auto-management based on user preference and user detection in a room (Idea 3) using T 1 detector network based on different sensing techniques (motion, temperature, power consumption, etc.). Idea 1 attempts to integrate different types of detectors sensitive to motion, temperature, …(F 1 ) into a network (F 4 ) that gathers information for intelligent power management using software platform to track events, manage data (F 3 ) and so optimize power consumption (F 2 ). Idea 2 is based on the detection of various activities through sensors (F 3, F 4 ) to adapt the energy environment and manage power consumption (F 2 ). Idea 3 for M 3 endeavors to recognize a user's position (F 5 ) and activity, and to autonomously analyze and manage their environments through establishing a system of network (F 4 ).

The CIT suggested regrouping these ideas based on the similarity of their technological principles, so the cluster was driven by common technological parameters to address various applications. In this case, cluster building was based on developing a sensing detector network for M 1 , M 2 , M 3 and all the emerging markets that might seek similar functions. Once a technology-driven cluster was identified, a generic platform to track events and manage data from sensor networks was refined. Ideas were clustered together by selecting the appropriate combination of two or more ideas, and so enabling more transversal ideas to be developed. In this phase, the platform was identified, the generic core was refined, future market products were identified and collaboration needed to gain expertise in new domain was highlighted.
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Each selected project was assigned to a champion selected within the CIT community who supported project communication but was not necessary involved directly in the exploration efforts. As the examples demonstrate, the purpose of identifying genericity in both strategies was not to address the entire list of functions for all identified emerging applications, but to identify and solve the common problem(s): future innovation capability was a target of the exploration itself. This phase enabled the compatibility and the interdependencies between various properties to be maximized and common functions to be grouped as a generic technological core. The phase of ideas generation and selection appears to be quite different form the classical process of ideas selection. It is a process of codevelopment, which is orientated towards an elaboration of generic solutions.

Ideas development

The platforms that emerged from this process opened up new product development possibilities. Project teams then launched quick exploratory processes along 8 axes: prototype, customer value, degree of disruption, strategic alignment (with ST technical and marketing capabilities and strategies), value chain, selling strategy, financial implications and risks. The goal was to prepare the projects to be evaluated by a group of high level managers who were in a position to decide whether or not to finance them, and -if their assessments were positive -to provide the resources for further exploration during a so-called 'consolidation' phase that normally lasted 6 month and could be renewed after a further evaluation and if the platform had been enriched. This group was called the Innovation Venture Board (IVB) and represented a group of internal customers. Those projects to which resources were allocated had to design both technology and market options. At the end of the consolidation phase, a final committee evaluation could lead to projects being transferred to existing business units, to the creation of new units to handle them, to external transfers (e.g., via creating a start-up) or to the project being stopped. Given the relatively high number of ideas submitted in all three challenges (see Appendix B), surprisingly only 4 projects are still on-going. All appear to be highly generic and the enrichment of their genericity was mostly achieved during phase 3, which opened up new market possibilities that were unrecognized when the ideas were launched, so that the platform genericity identified at that stage was further improved by considering new application areas. Various projects issued from these 4 platforms are on-going within the company in collaboration with research partners, with the aim of both building new markets modules and further enriching the platforms. Brainstorming sessions were organized to find new ideas for potential uses and for how the technologies could be enriched after the first platform core prototype had been developed. Platform enrichment of ideas initially sourced from the ICs also led to the creation of several collaborative projects with both academia and private companies, and portfolios of patents were issued around each project.

Analysis: From upstream platform core identification to robust platform deployment

Following step 3, the genericity that had been identified needs to be developed and markets addressed through modular exploration. For instance, the 3DTouch project was approved by the IVB and resources were allocated to continue exploration (see Figure 4). Platform enrichment comprised both the creation and management of interdependencies to ensure the deployment of market complementarities, and the further enrichment of the generic core itself. Project enrichment was continued by developing specific functions to address a predefined list of market applications. For instance, to develop tissue sensing for ecommerce, the generic core had to be reused to create design catalogues or to ensure highprecision management and low power for consumer back-typing applications. In addition to the exploration of the identified market complementarities, new markets emerged that were potentially interested in the generic platform. For example, in 3DTouch the security, gaming, education markets appeared once a platform based on an 'active surface for haptic touch' had been built.

Further work was also undertaken to increase the genericity of the platform core. In the 3DTouch case, the screen flexibility (obtained through graphene sheets or OLED display) led on to the development of deformable transparent tactile objects. The proposed idea involved innovation at the system level that required the involvement of ST's clients and partners, and even led to the creation of a new micro-ecosystem around the emerging solutions. A generic haptic technology was developed via a cooperative framework between participants, in which collaborations with glass substrate suppliers, LCD screen makers, module makers, touch sensor makers, display assemblers and OEMs was crucial (see Figure 4).
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The collaboration development within the company and externally was highly supported by both the CIT who facilitate beneficial division of labor and IVB members who were primarily responsible to support the costs of transaction to build the partnerships.

Combining organizational and institutional perspectives: seekers -solvers relations and their motivation

In BIP the role of seekers is played by the IVB team, which represents the pools of highly qualified specialists that internally could recognize the value of proposals and build an innovative ecosystem for further ideas exploration towards new markets. It is important to underline that seekers comprise experts with various profiles and none of them is a real buyer of a technology. Their goal is to constitute the ad hoc value of proposal for the future buyers. The IVB members did not provide any warranties to buy the winner solutions. Instead, they aim to deliver the appropriate financing for further ideas exploration. The corresponding cost transactions comprise the resources to establish the exchange interfaces within the external partners, to support mutual development. The CIT team appears as an organizational structure within seekers and solvers that drives the BIP institution. Despite the contest organization and deployment, they were managing the process of ideas co-development, privileged genericity, ideas clustering and joint team building. In the description of their mission, CIT members mention their aim in unlocking business potential, converting teams experience in valuable knowledge, overcoming obstacles. They privileged co-exploration to "picking a winner" cases. They attempted to integrate highly motivated individuals to launch projects exploration even if their ideas were not selected and thus, increase the quality of future proposals and enlarge the scope of ideas.

From the solvers side, in classical ICs they appear to be motivated by incentive rewards, which were absent in BIP. The participation was neither driven by the hierarchical order, nor by the career evolution expectation. The process appeared completely voluntary. Participants were actually motivated to constitute new teams, push their ideas towards new markets creation, new business models that go beyond the traditional ST business. Their motivation was in their expertise development; in potential benefits they would obtain ones their generic solution will appear on the markets or even in changing their role towards future project managers of their proposals.

Findings. Generic technology ideas contest (GT IC )

The findings presented below are organized around the research sub-questions previously posed and their analysis.

Context of GT IC organization

We found that the ICs organized by STMicroelectronics did not aim at the development of specific technology-market couples, as in stage-gate processes, but attempted to explore both new markets and new technologies by privileging cooperation to competition. For instance, one of the ideas aimed at recovering energy losses was developed to address several emerging application areas like wireless sensors network, smart grid management, autonomous healthcare, thermal wall management, bionics, mobile devices. Project teams aimed to increase the total efficiency of energy generation, using an idea that proposed to use several multi-harvesting systems. By working on new forms of electronics that need far less power, the team developed a new approach to energy harvesting that generated electricity from small temperature gradients and at low temperatures, using a technology based on direct thermal-mechanical energy and mechanical-electrical energy conversions using piezoelectricity principles.

In double unknown situations, the exploration of new functions that the market seeks and the emerging technologies that could address them need to be prioritized: just developing new functions (as in UICs) or new technologies (TICs) by themselves is insufficient. The goal is to build flexible technologies that can easily integrate new functionalities in multi-market environments. To harvest the appropriate range of ideas, the challenge contest has to be open and to focus on both technological and market exploration. Collaboration between participants and organizers also appeared to be critical while pursuing genericity, and the outcome of the process should be the development of new technological platforms (see Table 2).
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Criteria for ideas selection: from isolated ideas to platforms CIT did not simply select the best ideas according to commonly used criteria as in UIC and TIC challenges. Its members chose neither the most promising applications for already developed technologies (by maximizing net present value), nor did they seek to minimize the development costs for more promising selected market applications. They sought transversality of ideas to address several market areas (existing and new ones) and new original technological solutions, which were both flexible and robust to address several environments. They favored addressing a variety of market applications by reusing existing technological competences, and developing new ones with minimal adaptation costs between future modules. The criteria used in GTIC should incorporate the logic of value maximization through several market considerations and the construction of interdependencies between them (see Table 2).

The CIT regrouped submitted ideas to enable more generic ideas to develop, and targeted ideas with higher generic potential. This led us to identify two strategies for developing generic ideas: 1) Identification of ideas with generic potential that recognized ideas with higher intrinsic generic potential (in terms of both technological and functional parameters) and that could be transformed into platform ideas. Ideas of this kind contained generic technological concepts that did not just attempt to address several existing application, but also triggered the creation of new uses and new technological principles. 2) Generic Ideas from Cluster building strategy that lead to the creation of new uses rather than just the development of common solutions for the initially proposed contexts. As in the technology-market matching models, idea-clustering strategies can be achieved through grouping individual ideas into platforms either on the basis of functions or of technological principles. Moreover, as the idea collection process showed, the visibility of already submitted ideas to other participants, and their commenting and feedback on them, had a positive effect on the likelihood of deepening and widening of range of ideas' application areas.

The importance of adaptation process in case of GT development -Genericity building

Most of the generic ideas simply targeted several application areas which attempted to generate higher benefits. But the multiplicity of markets that each idea attempted to address made it difficult for the company to associate concrete units responsible for project development. These high-potential projects proposed both new technological concepts and new markets. It is important to underline that the generic ideas that stemmed from contests, were initially still too immature to pursue new product development directly. In the case of GTIC, the adaptation of ideas often takes a long time, but is crucial for successful genericity building. Because of the high levels of uncertainty involved, the development phase includes both the development and testing of applications and further genericity building, which comprises the enrichment of both the core and of the interdependencies designed to address predefined markets and to broaden exploration towards new applications that were not considered (or even existed) before the platform had been developed.

Risks associated with GT development in case of GTIC

The principal risk while pursuing genericity is to prevent specialization towards more promising market applications or dominant technologies at the early stages of exploration. There is a tendency to favor dominant market signals rather than to keep exploring genericity for still unknown markets, which could result in a rigid platform core: so the key role of CIT and project leaders appears to be to avoid hyper-adaptation.

The double unknown situation makes it possible for some projects to proceed towards GT development, to address multiple markets. Though these transversal projects offer solutions for several BUs, they can often also pose challenges in terms of the BUs' technology development investments, managerial responsibility and technology ownership. For instance, BUs need to decide how to share costs of platform development, and which other market modules they can develop based on the platform. GT managers need to manage these organizational risks to ensure platform adaption to various markets, and also to ensure the platforms can be relevant to both existing markets (to generate profit in the short-term) and to emerging markets to ensure the long-term growth of generic technologies.

Managerial guidance of GTIC innovation contest

The managerial guidance for GTIC organization includes probing questions at each step of ICs development (see Table 3) so as to estimate whether a GTIC is suitable to a particular organizational context and learn more about how to build successful GTs.
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From market based towards design community building

The presented in this paper innovation contests is designed to create partnerships. GTIC enable to improve the quality of submitted ideas and selected proposals through the process of collective exploration. The introduced GTIC contests aims to profit from competition to establish larger collaborative participants networks that work together to prepare future technologies and markets that would interest high number of buyers. Compliant with the findings of [START_REF] Eickelpasch | Contests for cooperation-A new approach in German innovation policy[END_REF], our research provides incentives for selforganization and allow teams to build the organizations forms of innovative labor that suits their interest. Despite the absence of the incentive reward mechanisms, solvers of this contest pursue more strategic goal of their expertise building and their evolution towards the new collectives creation, extending their network.

Conclusion

Theoretical and managerial contribution

By dealing with the question of ICs from the institutional point of view, this paper demonstrates the interest in pursuing ideas challenges in double unknown. The relevance of innovation contests for GT development in high-tech environments is clearly supported by our findings. The evidence from this study suggests a form of GT innovation contest that is different from those driven by identified users or technologies in seeker -solver predefined relations. The ICs defined in this paper appears as a new policy that aims to create the new design communities for joint generic technologies exploration. The collective orientation of contests participants by the CIT members demonstrates how cooperation in the competitive environment of the contests leads to greater innovativeness and higher quality of propositions which according to the results of [START_REF] Bullinger | Community-Based Innovation Contests: Where Competition Meets Cooperation[END_REF] could extend the boundary spanning perspective. The CIT team proposes a rather efficient mechanism of institutional support for GTICs by playing the important role of the construction of techno-economic role of an innovation.

The analysis of STMicroelectronics' business innovation process presented here gives important insights into the conditions that govern the emergence of generic technologies. Generally, the chances of developing a GT increase when the individual ideas can be transformed in a platform of multi-application ideas that use the same technological building block(s) ('Ideas with Generic Potential' strategy), but combining a group of ideas into a richer, broader concept can also result in GT development ('Generic Ideas from Clusters' strategy). To promote genericity, one needs to avoid the intuitive approach of adapting to already known market environments, which is easier and faster, but leads to developments that tend to be specific to single markets (that can also be successful, but more often in short term). This idea transformation strategies proposed in this paper increase the probability of those ideas being accepted within a firm and facilitates the management of the absorption of unsolicited ideas, which as [START_REF] Alexy | Managing innovation-Managing Unsolicited Ideas for R&D[END_REF] note, is often problematic. Clustering facilitates the incorporation of highly disruptive ideas that are often rejected due to their 'double unknowns' and the consequent ambiguity of their chances of success (Sommer et al., 2009).

As demonstrated here, GTIC fosters the possibility of further genericity building through the continuous enrichment of platform and market modules. Platform enrichment is a crucial step to ensure the further exploration and on-going existence within the company of generic ideas that may still be too uncertain to be transferred to product groups. In contrast to classical ideas contests -which often stop with the selection of the winning ideas -organizers of GTIC contests have to facilitate the further enrichment of submitted ideas to develop higher genericity and successful market modules through collaborative open innovation processes [START_REF] Huang | Technological innovation capability creation potential of open innovation: a cross-level analysis in the biotechnology industry[END_REF]. Fundamental knowledge acquired during platform building can both prepare for the company's long-term growth, and better equip it to respond rapidly to market changes (Kim and Kogut, 1996). Such contests as those reported here can be seen as opportunities for innovative ideas exploration for on-going platform enrichment [START_REF] Boudreau | Incentives and problem uncertainty in innovation contests: An empirical analysis[END_REF].

This study yields important managerial recommendations and tools for practitioners attempting to explore both new uses and technological phenomena, which are especially relevant to the turbulent environments and high rates of competition in high tech industries (Duysters and Man, 2003;Tierney et al., 2012), and is consistent with a robust design approach that suggests the need for high variability of uses and application [START_REF] Bstieler | The Moderating Effect of Environmental Uncertainty on New Product Development and Time Efficiency*[END_REF]. From the human resources point of view, such idea contests enable a company to identify corporate entrepreneurs and experts within its workforce [START_REF] Santos | Collective entrepreneurship at Qualcomm: combining collective and entrepreneurial practices to turn employee ideas into action[END_REF], to gather people with a range of various technical and commercial backgrounds together in the process of pursuing innovative technologies development, and to organize coaching sessions for such highly motivated people. The BIP contest series organized by STM enabled project leaders to develop their skills, to gain completely new expertise and to enlarge their networks within the company [START_REF] Hennebelle | Management Rebondir dans sa boite en devenant intrapreneur[END_REF].

The process that ST organized for collecting and developing generic ideas enabled the design of valuable technological platforms and the creation of important ecosystems for further technology development. The idea of GTICs identified here appears to be beneficial for new technologies whose maturity is low and market value is still uncertain [START_REF] Mortara | Idea Competitions under scrutiny: Acquisition, intelligence or public relations mechanism? Technological Forecasting and Social Change[END_REF]. Overall, this research shows the inappropriateness of the conventional user and technological driven contests to the challenge of developing generic technologies. It introduces a new platform building innovation contest process that can be combined with those classical contest forms to build richer technological platforms and address wider application areas, and offers useful insights to practitioners faced with the challenge of exploring technology and market 'double unknowns' in high-tech industries.

Limitations of the Study and suggestions for further Research

Obviously, the limitations of our methodological approach mean that we cannot provide decisive evidence on the effectiveness of the organization of generic technology ideas contests: the empirical applicability of our findings need to be tested on a larger sample of firms dealing with market-technology exploration in double unknown situations. Further work is also needed to pursue the development of a model of generic technology exploration, and to investigate whether the model we have observed is limited to the semiconductor sector or can be applied in various environmental contexts.

In addition, the transitions between phases of innovation contests that target genericity development remain to be investigated. Intuitively, the closure of each phase is based on the remaining uncertainties, resources and the appreciation of the results by CIT members and project leaders: but when exactly platform exploration should finish and the construction of market modules should start is not easily specified. More generally, when is it better to finalize genericity building? Is it just a matter of time -or which criteria should be used to measure the resolution of this effort? How can one best organize the adoption of generic technologies by business units or facilitate the creation of start-ups? Despite the advantages of GTs development, it is important to underline the problems of governance during the process of adopting transversal innovations in a company, the lack of appropriate business plans to manage uncertainty and the problems of managing generic ideas in general (Griffin and Hauser, 1996;Mason and Stark, 2004). This work also poses questions about creativity of the process. How can innovative thinking on double unknown best be stimulated when the target is platform creation? Why do certain idea submitters favor generic over specific ideas? Are there methods which aim to overcome fixation effects, with suggestions including enhancing social interaction through communication (Purcell and Gero, 1996), boundary spanning (Rapp et al., 2013) or enhancing cognition (Agogué et al., 2012). But can these techniques enhance the degree of genericity of ideas? How can participants be stimulated to build genericity? And with which sorts of stimuli?

These research avenues should help adjust the model and enlarge the application areas of generic technology innovation contests. The primarily motivation is not to win the context but to build the community that facilitates the development of new business directions where they will play the key role. -Are ideas submitters stimulated to work together? Are there comments that add useful information on other application domains or technological alternatives?

-Do single ideas have generic potential: seek to address several market needs?

-Do several ideas seek to address or explore similar market modules?

-Do several ideas seek to develop similar technological platform for various market needs?

Ideas developmentgenericity building -Does platform ready to be commercialized (NPD)?

-Are there specific functions to develop market modules?

-Are there other markets modules that platform can address/create? The current period is characterized by an unprecedented pace of innovation, whereby both the objects being designed and their use have to be revisited. If they don't respond to that new context, companies can very rapidly go from leadership to bankruptcy. Examples abound: The demise of Nokia for failing to recognize the transition of the mobile phone from an object that corresponded to its name (indeed, a device that allowed to place and receive calls in situation of mobility) to a multi-usage connected device (at the same time phone, internet terminal, camera, entertainment center, productivity device, GPS, and so on) was brutal.

Companies are facing a situation of "double unknown" (cf. Figure 1): ignorance of which one among many possible technologies is most likely to emergeand therefore worth being invested intoand similar ignorance of which one among many possible applications will most likely be a driver for the technology. Neither market pull nor technology push strategies seem to be adequate answers in this situation. Loch, et al. 2008]; [Kokshagina, et al. 2012a]).

The situation of technological lock-in [START_REF] Arthur | Competing technologies, increasing return and lock-in by historical events[END_REF]], however, is often characteristic of an industry as a whole, not just of a single company, and it is often outside of the reach of a single player to break out of this lock-in [START_REF] Cowan | Escaping Lock-In: The Case of the Electric Vehicle[END_REF]. Overcoming this lock-in could be viewed by the industry players as a common good, to be collectively pursued, in spite of the competition between them. In this paper, we will look at a collective attempt by industrial competitors to lead a technology and market exploration in double unknown and investigate what is the strategy being pursued.

Relation to Existing Theories and Work

To refine our research question, we turn to two bodies of literature. First, we study which strategies have been identified for individual firms to manage research projects or portfolios of research projects when facing a situation of double unknown. Then, we turn our attention to the literature on industry-wide collaborative efforts.

Research strategies in double unknown

Nowadays firms are faced with turbulent environments due to the constant change of markets, consumers, competitors and technologies themselves. In these cases, probability distributions are unknown and this situation is often called ambiguity [START_REF] Knight | Risk, uncertainty and profit[END_REF]]. Various researchers tackle this problematic. Among the most common methods are: subjective probabilities estimation [Chapman, Ward, 2003], project losses definition [Jaafari 2001], variations [De Meyer, et al. 2002], project outcomes estimations (ex., net present value), etc. There are situations where not just the outcomes but even the project structures themselves are unknown (chaos situations in [Pich, et al. 2002]) and the uncertainties cannot be anticipated by creating project plans ("unforeseeable uncertainties"). These chaos, unforeseeable, unk unks or double unknown situations deal with a level of risks that is so high that common classical risk management criteria like Discounted Cash Flow, Net Present Value, Internal Rate of Return have to be discounted at such a high rate that project or portfolio managers will never accept their too small values [O' Connor 2006].

Nevertheless, various researchers are interested in the way of discovering, managing "unknown" ( [Loch, et al. 2006]; [Mullins 2007]; [START_REF] Krishnan | Technology selection and commitment in new product development: The role of uncertainty and design flexibility[END_REF]). Innovation journeys [START_REF] Van De Ven | Learning while innovating[END_REF], Discovery-driven planning [McGrath, Macmillan, 2009], information gap decision theory [START_REF] Ben-Haim | Information-gap decision theory: decisions under severe uncertainty[END_REF], diagnosis of unforeseeable uncertainties [Loch, et al. 2006], a real options approach [O'Connor, et al. 2008] represent various ways to address unknowns. Selectionism consists in launching several alternatives in parallel and selecting the best approach later ( [Lenfle 2011]; [Pich, et al. 2002]; [McGrath 2001]). Less time consuming than probe and learning, it is more suitable for market driven approaches that need fast response. As it often results in expensive development, it is affordable for big engineering problems (e.g., Manhattan project in [Lenfle 2011]). Trial-and-learning ([Pich, et al. 2002]; [ Van de Ven, et al. 1999]) consists of iteratively attempting selected trials. Through the process of trial development, changes in the course of action can be made, which enable flexibility and project redefinition. [Loch, et al. 2008] show that these approaches lead to fabricate a trial project to create knowledge that allows reducing uncertainty and identify alternatives. This enables the passage from the risk management at the level of independent trial project to the level of portfolio management. The trial project becomes a platform core and subsequent development will lead to the management of interdependencies between this platform and platform derivatives (see logic of platform development in ([Gawer 2009]; [Gawer 2010]; [Baldwin, Clark, 2006]; [Sanchez 2004])). Existing platform literature assumes that platforms are known ( [Gawer 2010]) and the exploration is based on the development of modules reusing this platform core. In trial and learning strategy, the common core is acquired as a result of exploration of uncertain projects, and serves as a basis of subsequent explorations. Thus this strategy enables the design of both platform and modules in double unknown. [Loch, et al. 2008] proposed a complementary model for diagnosis of unforeseeable uncertainty by learning problem structure and decomposing the problem. They developed a model for diagnosis of unforeseeable uncertainty by learning problem structure. By studying each sub problem and isolating pieces by uncertainty, they select trial-and-learning, selectionism or planand-achieve target methods. In the situation of high uncertainty and low complexity, they suggested to use trial and learning approach and in both high uncertainty and complexity, a combination of trial and learning and selectionism. Despite clear benefits of these strategies to organize exploration in double unknown, it was shown that the selection of a trial project could result in the development of a rigid platform core, barring the platform leader to reuse this platform to address other market opportunities [Kokshagina, et al. 2012a]. [Kokshagina, et al. 2012a] introduced a "common unknown" strategy that deals with double unknown situations. This strategy does not attempt to obtain common core as a result of exploration, but works directly with ''common unknown'' as an object to conceive and manage.

The common unknown is a platform for several emerging market options. Technological exploration phases allow to design a common technological core which will enable the exploration of several emerging markets. The benefits of this strategy were shown on the practical example of generic technology design for several emerging markets in the semiconductor industry. Selectionism, trial and learning and common unknown strategies allow to incorporate the notions of risk management in highly uncertain exploration, enabling to organize exploration in double unknown situation at the firm level. There is, however, a lack of knowledge regarding industry wide exploration efforts in similar situations. Is it possible to reuse the identified strategies at that ecosystem level?

Industry-wide collaborative efforts

We first look at technology sharing cartels : According to economists ( [START_REF] Baumol | Horizontal Collusion and Innovation[END_REF]]; [START_REF] Petit | Technology sharing cartels and industrial structure[END_REF]) or historians [START_REF] Pasquier | Acteurs, stratégies et lieux de 'recherche et développement' dans l'industrie horlogère suisse[END_REF]]; [START_REF] Cortat | How cartels stimulate innovation and R&D: Swiss cable firms, innovation and the cartel question[END_REF]), those cartels may lead the members to stronger forms of horizontal collusion, such as fixing prices, outputs levels to reduce innovation outlays and to integrate research efforts in shared research programs. The resulting effect is one of reduced variety of technologies or markets being investigated. In situation of double unknown, the formation of an industry-wide cartel would mean that not just an individual firm, but a whole industry would gamble on a technology or a market, while both are highly uncertain. An unlikely collective gamble…

More relevant is the study of technology roadmaps, which can be defined as "a time-based structured framework to develop, represent and communicate strategic plans, in terms of the coevolution and development of technologies, products and market." ( [START_REF] Phaal | Technology roadmapping -A planning framework for evolution and revolution[END_REF]). They mainly consist in mapping the relationship between markets and product plans and technology forecasts. Besides firm roadmaps, which have been very well documented and studied ( [START_REF] Groenveld | Roadmapping integrates business and technology[END_REF]]; [START_REF] Willyard | Motorola's technology roadmap process[END_REF]), [START_REF] Albright | Roadmapping the corporation[END_REF] suggest that roadmaps can be extended beyond corporate boundaries, as a means of improving the current best practices. These roadmaps are expected to "align" the priorities between the various company actors responsible for transforming an idea into growth through innovation [START_REF] Whalen | Strategic and technology planning on a roadmapping foundation[END_REF]]. Perhaps the best studied example of such a roadmap is the International Technology Roadmap for Semiconductors (ITRS). Its track record demonstrates that it is possible and mutually beneficial for competitors to collectively manage as a common good the innovation capabilities of their ecosystem [Cogez, et al. 2010]. But the authors showed that the development of such an industry-wide roadmapping practice was enabled by some unique characteristics of the industry: a predictable rate of technological change, i.e. the exponential growth of the number of components on a fixed silicon area, which became known as Moore's law [START_REF] Moore | Cramming more Components onto Integrated Circuits[END_REF]], and the genericity of the benefits of scaling: if the transistors were made smaller, not only could they be fabricated at a lesser cost, but they would also be faster, and consume less power. Whatever the driving needs of the end markets that would eventually come true (cost, power consumption, speed, or any combination thereof), scaling the transistor would meet these needs. Moore's law allowed decoupling the tasks of exploring market and technology (cf. Figure 2):



The R&D department focused on bricks reaching the performances defined by Moore's law. They were not constrained by potential specificities of the markets that the company would eventually address, since the improved performances provided by the next generation technology could benefit any kind of market;  The marketing department developed the markets which could be addressed with the promised future performances. They knew the performance level that could be reached with the next generation technology, and were not constrained in their quest for new markets given the genericity of that technology. This decoupling mechanism is clearly demonstrated by the strong emergence of the fabless/foundry business model, whereby fabless companies specialize on designing new products, while leaving to foundries the fabrication activities. So Moore's law allowed many companies, independently of the markets which they were pursuing, to develop a collective roadmapping effort within a pure technology-push framework, without sharing any market knowledge. This is no longer the case for More than Moore technologies : MEMS (Micro-Electro-Mechanical Systemsa technology where miniaturization is not the only figure of merit, hence belonging to the More than Moore trend), for example, were characterized in the mid 2000's by the phrase "one product, one fabrication process, one testing procedure, one package" [Tierney, et al. 2013]. In the absence of such "natural" decoupling mechanism, is it still possible for competing firms to collaborate when facing a situation of double unknown? This short review of literature shows that several strategies have been identified for individual firms to deal with double unknown situations, while we are left with a void as to whether such strategies can be identified at an industry-wide level. In this paper, we will exhibit such an example, which lead us to our research questions : What are the characteristics of this industrywide strategy of exploration in double unknown? Is it similar to one of those identified so far for individual firms, or is it a different path?

3 Research Approach : Longitudinal Case Study To Uncover ITRS Strategy For Dealing With More Than Moore Roadmapping Since we want to uncover a phenomenon not discussed yet in the literature, we resort to a case study approach [Siggelkow 2007]. The previous review leads us to revisit the case of the ITRS. Contrary to prior studies, we will not focus on its "core business", which remains staying on Moore's law. Instead, we note that the ITRS has indicated its willingness to roadmap also the new More than Moore trend [ITRS 2005]. We conducted a longitudinal study ( [Eisenhardt 1989]; [Yin 2003],) on the period 2005 to 2012, 2005 being the year of the first mention of the "More than Moore" industry trend by the ITRS.

Case relevance

We first argue that the ITRS is now facing a double unknown situation: While the transistor miniaturization is still the main driving force between the microelectronics industry dynamics, in the recent years, devices have emerged that incorporate functionalities which do not necessarily require scaling according to "Moore's Law," but provide additional value to the end customer in different ways. This "More-than-Moore" approach typically allows for the non-digital functionalities (e.g., RF communication, power control, passive components, sensors, actuators) to migrate from the system board-level into a package sold by the semiconductor company. In the absence of Moore's law to guide the researchers when dealing with More than Moore technologies, we no longer have the decoupling phenomenon exposed previously, which allowed to break out of the double unknown dilemma. Nevertheless, given the recognized benefits of roadmapping, the ITRS has indicated its willingness to roadmap also the new More than Moore trend [START_REF] Itrs | International Technology Roadmap for Semiconductors[END_REF]], which makes it a relevant case to study to look for an answer to our research questions.

Data collection and analysis

The first author of this paper has attended 17 face-to-face meetings and over 40 conference calls of the International Roadmap Committee (IRC -the steering committee of the ITRS) since 2005, and, in addition to the publicly available outputs of the ITRS process, had access to working documents of several specialized working groups of the ITRS. [Kokshagina, et al. 2012a] developed a management framework (objects to manage, criteria, actors and required competences, necessary information to characterize potential risk management in double unknown) to study the different strategies identified in the case of individual firms. We used this "lens" to analyze the strategy deployed by the ITRS.

4 Case exposure and Findings The proposal to extend the ITRS activities to More than Moore technologies was first introduced for discussion within the International Roadmap Committee during the 2005 general ITRS Summer meeting in San Francisco, at the initiative of the European members, who were representing companies which, for the most part, were thriving on those technologies. This initiative translated into a first mention of this new trend in the executive summary of the 2005 edition of the ITRS. The next step took place during the 2006 ITRS Spring meeting in Maastricht, The Netherlands, where the IRC, during a plenary session, explained the importance of More than Moore technologies for the industry. It stressed ITRS role as defining the questions to be solved by the research community. Various Technology Working Groups (ITWG) were asked to extend their investigations to those technologies. The IRC also chartered one of its members to reach out of the ITRS community, among others by establishing contact with iNEMI, an association of electronics suppliers (in short, the customers of the semiconductor companies) issuing a roadmap for electronic systems. During the 2006 summer meeting in San Francisco, the IRC organized a discussion with five working groups most likely to be impacted by More than Moore technologies. The Wireless Group indicated that it had been investigating those technologies for many years already, other groups listed possible technologies to be investigated further. It was suggested to select product emulators with aggressive requirements which would help to identify various technologies, and to develop a tool that would allow estimating a value trade-off between various performance metrics. The discussion continued during the 2007 Spring meeting in Annecy, France, within a dedicated workshop attempting to define which new forms of coordination and new tools for roadmapping could be needed to handle these More than Moore technologies. The suggestion to start from the end-product requirements was reiterated by the working groups, complemented by the idea to introduce an "abstract level to simulate solutions" before translating them into technologies. The meeting concluded with a public conference, during which this new activity of the ITRS was for the first time presented to the general public. This public advertising of this new activity was reinforced at the Summer public conference of that same year, in San Francisco, when a panel discussion was organized on that topic. In 2008, the IRC proposed that the TWG most involved in MtM technologies form a cross-TWG study group. More than Moore topic had then become a staple of the IRC agenda, and Moore than Moore cross-TWG meetings were part of all Spring and Summer general ITRS meeting agendas. More than Moore technologies started to appear frequently in the chapters of the roadmap (cf. Table 1, where 2011 data are an underestimation, since data regarding "Assembly and Packaging" chapter, a very active contributor to the More than Moore roadmapping effort, are missing). However, a clear methodology was still missing for the construction of that roadmap. To fill that gap, the European members of the IRC wrote a "More than Moore white paper", posted on the ITRS web site at the end of 2010, which proposed "a methodology that helps the ITRS community to identify those MtM-technologies for which a roadmapping effort is feasible and desirable" [Arden, et al. 2010]. That paper listed the necessary conditions for that effort (cf.

Table 2):

Table 2: conditions for an industry-wide technical roadmap effort [Arden, et al. 2010] The white paper proposed to complement the usual technology push approach of the ITRS by the sketch of broad "application scenarii". Technology building blocks that would be roadmapped "should enable functionalities which are enabling several applications and markets. They should be "robust" or versatile enough against potential scenario changes". The link between markets and devices (elementary technology building blocks) was ensured by "functions" (cf. Figure 3). The methodology went as follow : "If market M 1 and M 4 rely on similar evolution trends for the performances of function f 1 , then this function performance trend will lead to a convergence on the d 1 device law of expected progress (LOP), and define the figures of merit by which this device should be measured (FOM). Knowledge of markets M 1 and M 4 also allow to estimate the readiness to share (SHR) of the market actors, and the existence of a community between these actors (ECO). Finally, the device or technology applicability (WAT) will depend on the predictable evolution of markets […] exact numbers are not required […] For example, we can estimate that high speed bipolar devices will be required to build millimeter wave imaging systems, which in turn can appear in many markets […]. It is likely that in many combinations of the possible evolution scenario for these various markets, the applicability of this technology will be wide." As one of its final remarks, the paper noted that "building link between societal needs, markets and technologies goes well beyond the ITRS current practice, and is likely to require the involvement of many actors beyond the ITRS historical membership."

In 2011 and 2012, the ITRS has been applying and refining that methodology:

 Representatives of iNEMI were systematically invited to present their activities and views during the ITRS face-to-face meetings, and participated in More than Moore workshops.

 Four application domains were identified as of interest for potentially driving roadmaps of More than Moore technologies : Automotive, lighting, Energy, and Health care.



The matrix presented in figure 3 was further split in several levels, from the application domain to the device, and presented during the 2012 Winter meeting in Seoul (cf. Figure 5). In particular, a "driving application" level was introduced. In the words of a participant to the 2012 Summer Workshop, these driving applications should be concrete integration examples, large and ambitious enough to encompass many of the functions that will eventually come to exist. At the time of writing of this paper, a list of generic functions was being discussed, to be then shared with the iNEMI for feedback. Besides this orderly process, the 2012 winter meeting in Seoul showed that many TWGs had already included More than Moore technologies in their tables, for devices that were still being identified through the proposed methodology. For example, the Emerging Research Devices group had mapped energy harvesting devices. 2011 was also the year when a new TWG, MEMS, was spun off the Wireless TWG (where only MEMS used for RF filtering applications were discussed). The story of its creation is interesting: MEMS technology became a hot topic in the industry around 2006 with its introduction first in gaming consoles, and rapid expansion in mobile phones and other devices afterwards, but MEMS makers (a subgroup of the semiconductors makers) were at first very reluctant to work together towards a roadmap, for lack of decoupling between technology and product: some experts argue that in MEMS, the technology is the product. They finally agreed, nevertheless, to meet around one common issue: the testing of their devices, for which they felt not enough research was being conducted, while this represented both an sizable amount of their costs and a demand from their customers. Once this community was created around this common purpose, it was possible to introduce discussions about more general future needs, with smart phones and tablets as the driving applications. While the above describes the general process observed by the ITRS community for roadmapping More than Moore technologies, some TWGs have followed different paths. The Wireless TWG declared from the start that they were handling More than Moore technologies since their creation in 2003, and thus did not really embrace the methodology. In parallel, the interconnect TWG started to include tables roadmapping in detail the characteristics of the Through-Silicon-Vias technology as early as 2007, without spending too much time on the generic functions that it could fulfill.

Analysis

As we argued in section 3.1, the ITRS exemplifies the existence of competitors collectively exploring possible futures in a situation of double unknown: since 2005, it very deliberately embarked on this journey. Is it following any of the strategies (selectionism, trial and error, and common unknown) that we identified through our literature study for individual firms? Our case study doesn't fit selectionism: for a collective effort, this strategy would consist in letting several technologies develop in parallel, observe which is the "winner" and start building a roadmap for that winning technology. Clearly, the ITRS didn't choose that "wait and see" attitude. This is not surprising:  it would result in a collective waste of resources, and go against the ITRS claim that it has "improved the quality of R&D investment decisions made at all levels and has helped channel research efforts to areas that most need research breakthroughs" [ITRS 2011];  within a company, the failure of one project can be counterbalanced by the success of another one. At the collective level, there is no such risk sharing : the failure of a technology can mean the demise of the company championing it, and its competitors will not share that risk. So the selectionism strategy could result simply in a lock-in situation, with no individual company willing to risk spending too much money on any given technology, given the high risk of failure involved. Again, this goes against ITRS role of accelerating innovation [Le Masson, et al. 2012]. The ITRS isn't using trial and learning either. Actually, this strategy wouldn't fit a collective approach: if each actor is tasked with leading a separate exploration, what would be the incentive for it to share with others what it has learned by exploring a given market or a given technology? In fact, we can argue that the only possible strategy at the industry level is to decouple technology and market. The founding document of the ITRS, the Memorandum of Understanding with respect to the International Technology Roadmap for Semiconductors, signed in 2000, explicitly stated that "the Sponsoring Participants shall cooperate to identify generic technology needs for the global semiconductor industry without regard to particular products of individual companies and encourage on an industry-wide basis potential solutions to future technology challenges". As noted in section 2.2, in the early days of the semiconductor roadmap, this decoupling was made possible through the existence of an object, the transistor, for which all actors could agree on an evolution which would be beneficial for all, independently of the markets being addressed. In the absence of such object for More than Moore technologies, the ITRS actors are introducing an intermediate level of "generic functions". Even if companies are interested in different markets, each market corresponding to a different set of functions, those companies can nevertheless build a common interest around functions that belong to several "functional bundles". The exploration is falling neither on the techno-push nor on the market-pull side, but remains in the double unknown space, attempting to define the characteristics of future technologies able to address several potential future markets. In a sense, the ITRS actors are re-creating the generic technology needs mentioned in the Memorandum of Understanding cited above. As such, this strategy closely mirrors the "common unknown" strategy evidenced by [Kokshagina, et al. 2012a]. Following the framework proposed there, we examine now more closely what are the objects being managed in this exploration process, the criteria being used (optimized) for this management, who are the actors, and which resources (information and competencies) are mobilized:  Rather than technologies, the prime object of exploration is at a higher level of abstraction, what the ITRS experts have named "generic functions", defined as common needs of various markets. No single industry player knows for sure what they will be, they are truly "common unknowns".



Given the uncertainty of any single potential market, the main criteria for definition of the relevant generic functions is the robustness vs. scenario changes. Likewise, the application drivers are chosen to be broad enough to catch any functional requirements that will actually come to fruition. This is very similar to the case of the BiCMOSmW platform development cited in [Kokshagina, et al. 2012a] as an example of strategy of common unknown.



To perform this exploration, the ITRS enrolls, in addition to the traditional expertise of its members, knowledge and competencies related to electronic systems, and end markets.



It therefore needs to reach out to new actors beyond its usual constituency. It started by creating strong links with iNEMI, as a proxy for representatives of future markets. We find clear similarities between the "common unknown" strategy identified within companies in [Kokshagina, et al. 2012a], and the path followed by the ITRS to develop the roadmap of More than Moore technologies. As noted in [START_REF] Kokshagina | Platform emergence in double unknown (technology, market): Common challenge strategy[END_REF]], this strategy is well adapted under the conjunction of two conditions : the market is highly uncertain, which is clearly the case here, and technologies are aggregative, i.e., selecting to develop one function does not preclude the addition of other functions later on, a condition which is also mostly verified for semiconductor technologies. Since we are dealing with an industry wide process, and not intra-firm processes which were the focus of previous works, we are also capable of identifying additional activities which those previous works did not discuss:



The build-up of a community of players willing to share information, which is a prerequisite to any collective work. This was exemplified in the creation of the MEMS working group, which achieved it by first defining an issue shared by all actors.  It more generally, the definition of abstract levels ("generic functions", "driving applications") allowed to alleviate the issues of competition, and to define new common visions for future development.

The exceptions noted at the end of the case exposure are understandable. The TWG "Advanced/Mixed Signal and RF Technologies for Wireless Communications" is dedicated to a clearly defined market, and is therefore not in a situation of double unknown. It did not see the added value of an exploration of generic functions. The MEMS technologies, first present in that TWG for their use in RF applications, had to get out of that group to explore other functions. Likewise, the rapid instantiation of the TSV roadmap in the usual format of ITRS technology tables can be understood since this is an enabling technology, not linked to any particular function, and useful for almost any market: this is a "universal" technology, and a technology push approach makes perfectly sense here.

Conclusion

In this paper, we have evidenced the collective design by industrial competitors of a brief for technologies-to-come which should be able to address several potential future markets. Such activities were already observed inside individual firms, but not at the industry-wide level : Previous studies ( [START_REF] Schaller | Technological Innovation in the Semiconductor Industry: A Case Study of the International Roadmap for Semiconductors[END_REF]]; [Cogez, et al. 2010]) showed how semiconductor actors organized themselves in a "college of the unknown" [Le Masson, et al. 2012] in order to help sustain Moore's law, a design brief which bore value for the whole industry. Moore's law, however, predated the collective organization [Tierney, et al. 2013], and actually was the basis for such collective organization, since it allowed companies to share and support a common technology development vision without disclosing their product strategy, given the unique characteristics of the transistor, as argued in paragraph 2.2. So, one could expect that the decrease of the number of companies able to sustain Moore's law would lead to a disaggregation of this collective effort. In this paper we show, on the contrary, that his "college of the unknown" attempts to capitalize on the competences that it developed on roadmapping activities to go one step further : we witness a collective effort to generate a new, additional shared body of expectations which would enable further collaboration. Past history offers us examples of such colleges acting as architects of industrial sectors in the past, such as the Lunar Society [START_REF] Schofield | The lunar society of birmingham, a social history of provincial science and industry in eithteenth-century England[END_REF]], or the Franklin Institute [START_REF] Sinclair | Philadelphia's philosopher mechanics -a history of the Franklin Institute 1824-1865[END_REF]]. One could have thought that the contemporary firms were large enough to organize their ecosystems by themselves, and research has focused on the innovation leader ("focal firm") who makes use of external resources for his own goals ( [Elmquist, et al. 2009]). We found that there is still room for collective agencies to animate the ecosystems and uncover unknown common purposes. This is of particular relevance for many of today's societal challenges, for which highly expected innovations are not coming to fruition by the mere play of market forces, thus prompting public authorities to set up instruments to speed up the innovation process ( [Agogué, et al. 2012]). What forms can these collective agencies take, which methods and tools can they use, what is their governance, how do they gain legitimacy? This deserves extensive further research. Ce travail débouche sur quatre résultats principaux : 1) Une stratégie de gestion du risque original, consistant à identifier un « common unknown » ; 2) Un travail de modélisation et de simulation précisant les critères de contingence de cette nouvelle stratégie; 3) La caractérisation de concepts génériques et de processus de conception de généricité a l'aide des théories de la conception les plus récentes; 4) Une nouvelle figure managériale, le « crossapplication manager», indispensable pour le succès de la conception de technologies génériques.

Mots clés : technologie générique, gestion de risque, double inconnu, théories de la conception, semi-conducteurs, management de l'innovation

Risk Management in double unknown : Theory, Model and Organization for the design of Generic Technologies ABSTRACT : Can a company organize development with controlled risk while promising markets and eligible technologies are yet unknown? These situations cannot be handled with classical techno push or market pull strategies; and "trial and learning" processes are too unpredictable and too costly while facing with unknowns in high-tech. However, in some industries such as semiconductors, one has to organize exploration while controlling costs and risks in double unknown. In this situation the success of technological development in double unknown is correlated with the existence of generic technologies. Though, it remains unclear how to account for the design of generic technologies. This thesis models the design of generic technologies and investigates the associated models of collective action.
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  Figure0130@0Costs0and0probabilities0SU1#and#SU2# Chapter04!shows!that!the!initially!identified!anomalies!in!risk!management!framework!correspond!to! the!cases!of!generic!technology!design.!Common0unknown0intentionally0and0Trial0and0Learning0 intrinsically0 support0 the0 design0 of0 GTs.0 The0 proposed0 strategy0 of0 working0 on0 common0 unknown0opens0a0new0way0to0portfolio0risk0management0in0the0context0of0radical0innovation.! This! aim! of! this! strategy! is! knowledge! creation! but! keeps! costs! under! control! and! maximizes! the! likelihood!of!being!relevant!for!future!markets.!The!study!demonstrates!that!the!"common!unknown"! is! particularly! relevant! when! the! market! signals! are! equally! weak! and! multiple.! The! interdependencies! are! built! based! on! technological! anticipation! and! simultaneous! multiCmarket! analysis.!!
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 1 .!Taking!into!account!various!existing!strategies,!how! can! the! executives! faced! with! double! unknown! situation! decide! whether! to! invest! in! technological! development!or!wait!till!the!unknowns!are!reduced?!Moreover,!which!strategy!to!prioritize!regarding! the!type!of!industrial!environment?!The!strategies!need!to!be!tested!in!different!contexts!and!their! validity!domain!should!be!defined!and!compared.! This!part!aims!to!develop!a!simulation!model!to!understand!in!which!technoCeconomic!conditions!the! "common!unknown",!and!more!generally!GTs!design!strategies,!are!more!relevant!than!market!pull,! technology!push!and!trial!and!learning.!By!using!a!previously!derived!framework!that!uses!the!notion! of! functions,! this! model! integrated! the! emergency! of! new! markets! based! on! the! combination! of! different!functions,!modeling!the!existing!technologies!and!yet!unknown!technologies.!A!simulation! model! is! built! to! further! compare! these! management! strategies! in! a! large! variety! of! environments! (Chapter06).!Section01!justifies!the!need!of!model!design!and!presents!the!underlying!principles!of! the! model.! Based! on! inCdepth! literature! review,! we! identify! contingent! criteria! for! these! strategies.! This!section!concludes!with!the!description!of!technoCeconomic!environments!characterized!by!the! speed!of!market!renewal,!the!predictability!of!markets,!the!compatibility!of!new!technologies!to!test! strategies! performance;! and! strategies! definition! within! these! environments.! Section0 2! aims! to! define!contingent!criteria!that!determine!strategies!dominance!in!various!industrial!environments.!! Chapter07!provides!managerial!implications.!It!demonstrates!the!existence!of!the!innovation!contest! at! STMicroelectronics! -! Business! Innovation! Process! that! was! launched! in! the! technoCeconomic! conditions!favorable!to!the!development!of!GTs.!The!outcomes!of!this!process!demonstrate!that!the! projects! that! are! considered! as! successful! appeared! to! be! generic.! Moreover,! the! importance!of!the! defined! notion! of! aggregativity! is! indicated! and! the! differences! between! aggregativity! and! segregativity! are! designated! across! the! semiconductor! and! automotive! industries.! To! conclude,! an! illustration!of!new!market!opportunities!creation!through!functional!combination!is!provided!using! the!case!of!market!ideas!exploration!conducted!by!Yole!Developpement.Modeling approach: In which conditions do new strategies account for higher performance? The! stochastic! simulation! intends! to! reveal! the! relations! between! types! of! environments! and! strategies!performance.!By!simulating!a!high!variety!of!technoCeconomic!scenarios,!the!model!aims!to! deduce!the!conditions!that!most!influence!the!performance!of!strategies.!The!data!generated!through! simulation!allows!achieving!a!similar!order!of!statistical!significance.!The!simulation!study!therefore! was! chosen! over! the! quantitative! methods! to! compare! performance! of! identified! strategies! in! the! various!industrial!environments.!!

  ! By! taking! into! account! specifics! of! real! management! situations,! the! criteria! for! simulation! and! the! description! of! technoC economic! environment! were! chosen! based! on! the! literature! review.! The! scenarios! where! each! strategy!accounts!for!higher!performance!were!formulated!based!on!the!set!of!the!initial!simulation! results.!Each!scenario!represents!the!list!of!criteria!that!correspond!to!the!technoCeconomic!domain! and! their! values.! Once! the! scenarios! were! defined! for! each! strategy,! the! simulation! was! repeated! ! Chapter06:!Supporting!the!design!of!generic!technologies:!technoCeconomic!conditions! ! 116! using! newly! generated! data! sets! and! the! statistical! tests! (in! particularly! tMtests)! were! performed! to! analyze!the!significance!of!the!obtained!results.!!

  complex!landscapes.!Though,!the!NK!model!behind!does!not!consider!the!landscape!evolution!in!time! and!the!strategies'!visibility!is!then!defined!by!initial!configurations.!! Subject!to!high!turbulence,!complex!search!models!become!irrelevant!since!their!landscape!is!fixed! and! they! do! not! consider! the! environments'! evolution.! Since! GTs! are! more! probable! to! emerge! in! dynamic!and!unknown!environments,!the!primary!interest!of!this!study!is!to!apprehend!the!relevant! strategies!behavior!in!the!environments!where!the!time!of!technological!development!has!the!same! order!of!magnitude!as!industrial!dynamism.!The!evolution!of!the!landscape!should!be!considered!to! incorporate!alternatives!that!were!not!taken!into!account!initially!or!emerged!during!the!exploration! process.! The0 model0 proposed0 here0 is0 positioned0 as0 a0 hybrid0 of0 two0 classes:0 decision@making0 and0 complexity0 models0 and! it! is! based! on! the! landscape! reconfiguration.! The! goal! is! to! test! how! strategies'!performance!and!their!applicability!change!with!reference!to!the!industrial!dynamism!intime.! Next,! the! main! principles!and!notions!of!the!simulation!model!are!described!to!characterize!identified!strategies!and! simulation!environment.!!1.3. Strategies in unknown and contingent criteria for strategies selectionThere! exist! several! strategies! that! deal! with! multiple! technologies! and! markets! exploration.! It! was! demonstrated!in!the!previous!chapter!that!trial0and0learning!and!common0unknown!strategies!are! suitable!for!explorations!in!high!uncertainty.!The!techno0push!and!market0pull!deal!with!singular! unknowns:!technologies!and!markets,!respectively.!!! Each! of! the! presented! strategies! provides! powerful! mechanism! for! dealing! with! the! unknown! situation,! though! the! criteria! and! the! methods! they! use! differ! significantly.! Moreover,! their! performance!is!highly!dependent!on!the!external!technoCeconomic!conditions,!and!on!the!nature!of! the!firm's!knowledge!environment![START_REF] Pisano | ! Knowledge,! integration,! and! the! locus! of! learning:! An! empirical! analysis! of! process! development[END_REF].!While!attempting!to!launch!a!new!exploration,!a! strategy! has! to! be! chosen! according! to! the! initial! conditions.! What# are# the# techno(economic#conditions#that#enable#detection#of#which#strategy#ought#to#be#used#for#projects#exploration?&The!conducted! literature! review! permits! definition! of! the! list! of! the! main! criteria! (Ci)! that! possibly! influence!strategies'!performances.! strategies! handle! mostly! fixed! at! the! beginning! sets! of! alternatives! and! their! associated! probabilities.! Their! goal! is! to! choose! a! best! alternative! using! Bayesian! probability! distribution! and! reduce! the! corresponding! uncertainties.! These! strategies! deal! with! market! knowledge!that!usually!considers!market!success!and!probability!of!market!existence!along!with!the! required! technological! knowledge! (i.e.,! in! terms! of! development! cost! and! probability! of! technology! existence).!Though!these!methods!neglect!the!emergence!of!new!alternatives!in!time.!! When!the!level!of!uncertainty!is!high,!the!selection!of!relevant!strategy!is!influenced!by!the!associated! market! and! technological! dynamics,! and! their! speed! of! renewal.! Moreover,! the! various! types! of! uncertainty! have! to! be! taken! into! account:! market! uncertainty,! technological! uncertainty,! environmental! and! organizational! uncertainty!

  .!! Moreover,!Das!and!Van!de!Ven!(2000)!indicate!that!the!nature!of!technology!can!differ!from!novel!to! established!and!the!nature!of!markets!can!be!concentrated!or!dispersed.!The!nature!of!technologies! and!markets!under!question!definitely!influence!the!firms'!selection!of!consequent!strategies.!Vergne! and!Durand!(2010)!state!that!the!way!path!dependencies!are!created!and!sustained!implies!different! mechanisms.! They! demonstrate! that! the! path! dependence! occurs! when! the! initial! conditions! are!

  .! This! means! that! the! complementary! modules! can! be! easily! incorporated! with! the! core! technology! to! ! Part0II:!The!impact!of!sector!dynamic!rules!on!the!choice!of!risk!management!strategy! ! 119! address!these!markets.!Conversely,!Christensen!(1997)!indicates!that!the!technologies!are!becoming! more!complex!and!the!integration!of!new!functions!could!be!costly!and!challenging.!Consequently!the! complexity! might! pose! some! issues! of! technology! appropriation! by! the! emerging! markets.! For! this! reason! the! criterion! that! defines! the! level0 of0 technological0 adaptation! appears!to! be!critical!(C6).!

  .!In! the!case!of!dominant!design,!there!are!leading!technologies!and!actors!that!guide!further!explorations! and! predefine! industrial! dynamics.! The! unknown! environments! are! more! competitive,! there! are! various!technological!candidates!and!the!product!portfolios!are!much!more!diversified!(Kaplan!and! Tripsas,!2008).!! Overall! the! following! technoCeconomic! criteria! appears! to! be! important! to! determine! the! relevant! strategy:!nature!of!markets!(C1),!market!signals!dynamics!(C2),!market!renewal!(C3),!ratio!of!existing! vs.! unknown! markets! (C4),! type! of! environment! (C5),! path! dependency! (C6),! technology! reconfiguration!(C7).!Obviously,!budget,!investment!constraints,!various!technological!and!marketing! risks! influence! strategies! choice! and! their! performance.! In! addition,! Carbonell! and! RodríguezC Escudero! (2009)! demonstrated! that! management! support! has! a! positive! effect! on! the! innovation! speed!under!conditions!of!high!technology!novelty!and!high!technological!turbulence.!! Which! criteria! from! the! established! list! facilitate! the! choice! among! Market! Pull! (MP),! Technology! Push!(TP),!Trial!and!learning!(TL)!and!common!unknown!(CU)?!The!goal!is!to!reveal!the!contingent! criteria!that!influence!strategies!performance!and!enable!the!achievement!of!higher!results.!The!way! certain!criteria!influence!the!strategies!success!can!be!disclosed!from!the!literature!review!(see&Table! 7).!Mainly,!the!importance!of!market!signals!(C1)!and!the!uncertainty!levels!(type!of!the!environment! -! C5)! are! indicated.! Though,! other! criteria! appeared! to! be! important! as! well! (i.e.! the! industry! is! turbulent! or! stable;! the! speed! of! renewal! could! influence! the! criteria! of! strategies'! adoption;! path! dependency!that!influences!the!character!of!technological!exploration!and!strategy).!! Table0700@0Criteria0of0strategies0dominance0

  ! strategies! are! required! to! diffuse! discoveries! and! successfully! incorporate! new!knowledge!to!the!operational!profit!of!the!firms.!The!performance!and!conditions!of!strategies! implementation!faced!with!various!industrial!dynamics!need!to!be!clarified.!Besides,!it!is!unclear!in! which!conditions!these!strategies!would!lead!to!a!GT!emergence.!What#are#the#relevant#contingent# criteria#to#detect#reliable#strategies#based#on#the#industrial#dynamics?! 1.4. Principles of modeling "unknown" technological and market structures The!simulation!model!aims!to!introduce!the!dynamic!technologies!and!markets!and!test!management! strategies! performance! in! highCvelocity! environments.! These! environments! are! characterized! by! their! dynamism,! uncertainty! and! complexity!

  Figure0190@0Technology@Market0modeling0 Through! the! time! the! number! of! functions! evolves,! therefore,! the! number! of! markets! (designed! as! functional! combinations)! and! the! corresponding! values! change.! For! instance,! if! a! new! function! F5& appears!we!might!imagine!2 5 !functional!combinations!that!this!new!function!creates!with!the!already! existing!4.!The!evolvement!of!functions!modifies!the!technological!and!market!landscape!itself.!

  and! probability! of! existence! pi.! Technologies! can! be! characterized! by! their! complexity! and! technological!systems!dynamics.!It!is!considered!that!all!technologies!are!linked!to!each!other!with! "unknown0 edges"! (Figure! 20).! An0 "unknown0 edge"0 between0 two0 technological0 principles0 is0 considered0 as0 a0 new0 technology0 to0 develop:! an0 unknown0 technology0 (i.e.,! the! new! interdependence

  Figure02000@0Unknown0technologies0graph0 Defining0 the0 environment0 in0 the0 model0 consists0 of0 setting0 up0 the0 rules0 that0 guide0 the0 interaction0and0the0evolution0of0the0model's0objects:0markets,0technologies0and0functions.!The! notion!of!the!environment!includes!all!elements,!factors,!and!conditions!that!have!an!impact!on!the! choices!made,!when!applying!for!a!management!strategy.!!
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 21 e.!every!technology),! where!the!total!weight!of!all!the!edges!(i.e.!the!total!risk!of!the!unknown!technologies)!in!the!tree!is! minimized.! Though,! the! budget! is! limited,! new! knowledge! emerges! in! time! and! the! residual! unknowns!exist.! ! Part0II:!The!impact!of!sector!dynamic!rules!on!the!choice!of!risk!management!strategy! Strategies under constraints Given!the!budget!constraints,!search!algorithms!to!develop!all!the!connections!are!too!costly.!Besides,! the!graph!of!markets!and!unknown!technological!voids!evolves!in!time.!This!topology!change!due!to! the! environmental! dynamism! has! to! be! incorporated! in! the! model.! The! goal! is:! given# a# budget# of# R&D# and# commercialization,# which# "unknown# edges"# should# be# developed# to# have# access# to# a# larger# amount# of# markets?& The! strategies! represent! the! identification! of! innovative! projects! to! launch!under!the!budget!constraints.!The!following!strategies!were!modeled:!!market!pull,!technology! push,! trial! and! learning,! common! unknown! and! random.! The! principles! of! strategies! modeling! are! described!in!the!appended!paper!(see!Paper!II).! To! summarize,! there! exist! various! technoCeconomic! environments,! which! are! defined! using! associated! criteria! Ci.! Each! environment! contains! N! technologies! Ti! and! there! is! a! capability! to! develop! new! technologies! Ti! through! the! combination! of! existing! and! emerging! ones.! The! technological! portfolio! targets! known! markets! Mi,! attracts! and! can! lead! to! a! creation! of! new! markets! ML.!There! is! a! list! of! strategies! that! companies! can! pursue! to! account! for! higher! performance! in! these! environments! (Techno! Push,! Market! Pull,! Common! unknown,! Trial! and! Simulation results: defining contingent criteria A!simulation!plan!comprises!different!experiments!to!be!run!to!identify!the!environments!in!which! each! strategy! is! dominant.! By! using! a! technoCeconomic! model! each! strategy! is! tested! with! various! criteria!in!order!to!reveal!favorable!conditions.!The!simulation!begins!with!the!object!definition.!After! each! strategy! run,! market! and! technology! lotteries! are! performed! to! determine! whether! the! development! was! successful! or! no.! This! phase! conveys! to! the! automatic! update! in! the! market! -! technology!initial!graph!and!recalculates!the!corresponding!values!of!technologies!and!market.! Regarding! the! environment! conditions! at! each! time! period,! new! functions! and! technologies! were! added! randomly! or! considered! path! dependency! effects! to! ensure! the! landscape! evolution! in! time.! The! simulation! run! is! repeated! for! a! variety! of! environment! conditions! and! knowledge! depth! combinations.!The!initial!experiment!enabled!definition!of!the!criteria!configurations!when!strategies! account!for!higher!performance!(in!terms!of!profit).!These!configurations!were!used!to!determine!4! scenarios!where!each!strategy!is!potentially!dominant!(Table!8).

  !the!validity!of!the!established!scenarios!and!their! statistical!significance,!the!tests! were! conducted!on!larger!sets!of!data.!For!each!scenario!40!(Scenario!1)!or!100!(Scenario!2,!3!and!4)!trials! were!performed.!Scenario!1!contains!only!40!trials!because!its!statistical!significance!was!achieved!on! the!smaller!data!set.!Each!strategy!behavior!was!observed!through!5!time!periods.!By!time!period!we! define!an!interval!in!time!that!corresponds!to!the!phases!of!the!decisionCmaking!(i.e.,!from!the!time! project!is!launched!till!its!delivery!through!the!markets,!or!simply!till!the!end!of!the!financial!year).!The!constructed!simulation!model!leads!to!a!variety!of!results.!This!variety!is!explained!by!diversified! performance! of! tested! strategies.! The! simulation! results! enabled! definition! of! the! conditions! when! each! strategy! accounts! for! higher! performance.! The! twoCsample! tMtest! was! used! to! analyze! two! population!means!based!on!independent!samples!from!the!two!populations!or!groups!(Table!9! results! and! tCtests! findings! confirm! that! in! scarcely! innovative! environments! the! market! pull! strategy! (Scenario! 1)! is! superior! when! there! are! dominant! markets.! This! model! is! compliant!with!the!literature!findings!and!confirms!that!market!pull!is!relevant!for!the!environment! with!reliable,!high!market!signals.!The!technological!compatibility!is!less!important!meaning!that!the! reconfiguration! criteria! are! low.! In! this! case! technological! systems! have! "segregative"! character,! which!indicates!that!the!technologies!are!not!easily!compatible!and!flexible,!the!learning!among!time! periods!do!not!occur!(Table!10).!A!similar!trend!is!observed!in!trial!and!learning!strategy!(Scenario! 3),!which!is!based!on!the!presence!of!market!signals!as!well.!Though,!in!more!dynamic!environments! market! signals! are! weaker,! learning! process! and! path! dependencies! are! becoming! more! important! and! trial! and! learning! strategy! dominates! market! pull.! This! strategy! seeks! to! reuse! the! developed! ! Chapter06:!Supporting!the!design!of!generic!technologies:!technoCeconomic!conditions! ! 126! learning! to! achieve! remaining!functions;!technology!has!to!be!more!flexible!to!easily!integrate!new! functions.!It!has!to!be!"aggregative".!Once!the!technology!is!aggregative,!trial!and!learning!dominates! market! pull,! which! is! compliant! with! the! existing! literature.! The! criterion! of! technological! aggregativity! was! revealed! as! an! important! one! for! strategies! selection! in! dynamic! unknown! environments.! The! principles! of! "aggregativity"! signify! that! is! accounts! for! the! compatible! technologies! and! for! smaller! costs! of! the! interdependencies! design.! For! instance,! technology! push! (Scenario!2)!confronted!with!dynamic!environments!seeks!for!higher!technological!compatibility!and! its! value! but! does! not! include! market! signals! at! the! beginning! of! exploration.! Common! unknown! strategy! (Scenario! 4)! appears! to! be! beneficial! once! the! markets! signals! are! weak! but! multiple! and! dynamic,!technologies!are!aggregative!meaning!that!they!are!flexible!and!can!easily!incorporate!new! functions.! It! is! found! that! two! contingent! variables! are! important:! the! existence! of! market! signals,! their! strength! and! the! technological! systems! that! are! more! or! less! segregative.! The! two! contingent! criteria!of!"market!signals!stability"!and!the!degree!of!"technological!aggregativity"!are!formulated!as! the
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 221112 Figure0210@00Conditions0of0strategies0applicability0The! trial! and! learning! process! is! relevant! for! GT! design! if! a! trial! market! can! be! identified! and! the! designed! path! dependent! technology! can! be! flexible! to! "aggregate"! emerging! markets'! complementarities.!Common!unknown!is!advantageous!for!genericity!building!when!multiple!market! signals! cause! the! aggregative! technologies! exploration! through! interdependencies! creation.! These! strategies! of! generic! technology! design! do! not! simply! deploy! "risk! reduction"! business! plans! to! capture!value.!!

  !of!function!evolution!with!the!corresponding!technologies!and!markets!enable!to!the! identification!of!knowledge!gaps,!areas!that!are!unexplored!and!lead!to!the!creation!of!new!markets! and! even! new! functions.! The! TMFMM! framework! enables! the! management! of! double! unknown! and! accounting!for!the!new!opportunities.!This!example!illustrates!how!the!underlying!principles!of!the! model!based!on!the!function!description!allow!the!characterization!of!the!evolution!of!markets!and! technologies!and!generating!new!market!needs.! ! Part0II:!The!impact!of!sector!dynamic!rules!on!the!choice!of!risk!management!strategy! !of!technoCeconomic!environments!has!been!developed!and!simulation!analysis!has!been! conducted!to!determine!the!contingent!criteria!that!influence!strategies!success.!This!model!enables! the! characterization! of! the! technoCeconomic! environment! beyond! the! variables! that! are! treated! by! the!classical!decision!making!tools!(e.g,!costs,!probabilities…).!The!proposed!model!incorporates!the! evolving! in! time! environments! by! adding! a! possibility! of! new! functions! appearance! and! their! evolution,!and!deals!with!interdependencies!among!technologies!and!markets.!Moreover,!it!enables! the!consideration!of!different!types!of!technologies!according!to!their!level!of!compatibility,!flexibility! and! adaptability.! The! model! aims! to! investigate! the! performance! and! conditions! of! different! strategies!in!the!situation!where!the!industrial!dynamic!has!the!same!order!of!magnitude!as!the!time! of!development.!The!findings!reveal!the!contingent!criteria!that!determine!strategies!applicability!in! highly!uncertain!environments.!! The0 results0 indicate0 that0 there0 are0 two0 main0 contingent0 variables:0 the0 existence0 of0 a0 clear0 market0 signal0 and0 the0 technological0 systems0 that0 are0 more0 or0 less0 segregative.

  Figure0220@0Generativity0and0genericity0

  Figure0230@0Generic0concept0definition#

Figure0240

  Figure0240@0Early0steam0engines0design0in0C@K@theory0

  Figure0260@0Generic0MEMS0technology0and0D0design0in0C@K@theory0The! genericity! continues! to! be! built.! For! instance,! the! emergence! of! microfluidics! in! the! medical! applications! opens! a! lot! of! possibilities! for! MEMS! in! the! drug! delivery! in! Figure! 4.! Electronic! nose! applications! that! use! MEMS! principles! are! being! developed! for! a! wide! range! of! healthcare! and! biomedicine! sectors! and! revolutionize! the! way! this! traditional! sector! operates.! The! further! design! domain! densification! is! expected! once! MEMS! product! adoption! finds! its! way! into! watches,! refrigerators,!beds,!toys,!and!clothes,!among!other!everyday!things!(Lee,!2013).!

  )!seek! to! reduce! the! uncertainty! effects! during! the! design! process.! For! instance,! Taguchi! methods! help! to! analyze!what!is!the!best!alternative!to!meet!with!varied!external!contexts.!Or!other!work!(de!Weck!et! al.,! 2003,! De! Weck! et! al.,! 2004)! demonstrates! how! to! incorporate! flexibility! in! the! design! process! while! dealing! with! uncertainty! and! stress! the! necessity! to! incorporate! marketCbased! risks! that! are! often!neglected!within!the!technological!design!process.!! Moreover,!the!design!of!genericity!presumes!the!involvement!of!various!experts,!and!their!effective! collaboration!in!order!to!account!for!the!larger!domain!of!existence.!!Boujut!and!Laureillard!(2002)! point! out! the! importance! of! tools! to! organize! the! effective! coCoperation! and! offer! a! conceptual! framework! for! the! development! of! design! coCoperation! at! actor,! product! and! organizational! level! ! Part0III:!Methods!and!process!for!generic!technologies!design! ! 161! within!design!organizations.!The!intermediary!objects!are!proposed!to!facilitate!the!modeling!of!the! design! situations! and! encourage! the! coCoperation!
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 21 Figure02900@0Principle0of0Environment0Projection0The! first! targeted! environment! does! not! necessary! lead! to! a! reliable! market! but! it! allows! the! development! of! the! technological! building! blocks! that! provoke! new! environments! emergence! and! increased!technology!genericity.!Projection!initiates!with!technological!knowledge!and!expertise!and! therefore,! differs! significantly! from! superposition! strategy.! In! this! case! genericity! is! not! defined! through! emerging! market! analysis! but! thanks! to! a! technology! design! that! conveys! the! existence!

  Figure03000@0Environment0projection0strategy0"HEATec"0project0exploration0
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  For!more!details!see:!"ST!to!launch!GreenNET!Wireless!Sensor!Networking!platform".!Telecompaper,!January! 16,!2012.!Accessed!on!September!12,!2013.! ! Part0III:!Methods!and!process!for!generic!technologies!design! ! 173! mechanisms! of! environment! generation.! By! questioning! the! predefined! market! environments! and! their!position!could!push!designers!to!explore!the!unusual!and!yet!unknown!environments.!! The! identified! strategies! affect! knowledge! reorganization,! enable! to! conceive! generic! technologies! and!determine!generic!concepts!through!the!design!of!the!domain!of!existence!ex&ante.!They!provide! rather! different! approaches! to! build! generic! technologies! (Table! 13)! by! putting! an! accent! on! the! environments! superposition! to! design! robust! and! flexible! generic! platform! in! the! case! of! 3DTouch,! and! by! starting! with! rather! classical! approach! of! concept! push! for! a! predefined! "projection"! to! decrease! unknowns! and! collectively! explore! both! technologies! and! markets! in! the! case! of! HEATec.! Besides,! GreenNet! begins! as! an! already! generic! technology,! whose! development! appeared! to! be! expensive,! and! thus,! finds! a! way! to! attract! partners! and! collectively! explore! GTs! by! decreasing! the! costs!of!ownership!for!ST.!! !E1,!!E2!!…!!EN!!identification!and!their!superposition!to!refine!generic!core! and!build!associated!to!each!market!modules! Projection0 Starts! with! an! original! technological! concept! T*! for! E*! a! predefined! projection! environment.! Projection! appears! as! a! context! of! exploration.! It! enables! to! enrich! T*! and!reveal!new!E1,!E2,!E3,!…!and!design!modules! Attraction0 Starts!with!predefined!generic!technology!T!-and!definition!of!desired!environments! Ei! as!a!generic!platform!and!the!strategy!proposed!an!efficient!way!to!share!costs!Ci! with!players!in!Mi!to!build!modules!and!refine!generic!core:!CGT!=!CCG!+!∑!Ci!<!Potential! Benefits! ! The! findings! demonstrate! that! the! elaboration! of! the! domain! of! existence! in! order! to! build! generic! technologies! allows! accounting! for! the! larger! amount! of! applications! and! manages! costs! of! exploration!by!producing!new!breakthroughs.!The!examples!demonstrated!that!D!could!be!deduced! from! the! knowledge! basis! or! designed! through! the! exploration! process.! The! defined! strategies! facilitate!the!design!of!the!domain!of!existence.

  figure for successful generic technology design

2 . 1 .

 21 Figure03400@0R&D0and0Business0Units0collaboration0The!central!R&D!comprises!R&D!teams!responsible!for!a!particular!area!of!technological!exploration! (e.g.,!MEMS,!3D!Integration,!Bipolar,!Photonics,…)!or!for!the!design!part.!Each!group!has!development!

  genericity!was!acquired,!which! organizational!capabilities!were!mobilized,!and!how!and!by!whom!they!were!managed!(for!detailed! analysis!see!Paper!IV).!! Within!all!these!studies,!researchers!played!the!role!of!observers!in!case!4!or!were!directly!involved! in!the!process!comprising!the!roles!of!participant!in!case,!coordinator!in!case!1!and!2!or!facilitator!in! case! 3.! Information! gathering! techniques! included! inCdepth! interviews! with! a! variety! of! company! representatives! and! external! collaborators! associated! to! each! portfolio! from! a! variety! of! functional! perspectives.! Experts! with! commercial,! marketing,! financial,! technological,! research,! development,! and! operational! backgrounds! were! involved.! They! were! directly! involved! in! executing,! organizing,! participating,!managing,!supporting!or!decisionCmaking!roles!within!a!portfolio.

  An! innovation! contest! called! "Business! Innovation! Process"! (BIP)! (Case0 1)! targeted! transversality,! ecosystem! development! and! value! for! users! and! for! ST! of! future! innovative! solutions! to! address! several!business!areas.!The!process!was!launched!with!the!goal!! "to&boost&Grenoble&and&Crolles&sites&contribution&to&ST&value&creation&through&better&innovation&and& better&use&of&local&clusters"&(BIP,&2009).&& On!the!technology!side,!the!contest!allowed!the!open!participation!of!any!employee!of!these!groups.! Likewise,! the! wording! regarding! the! targeted! uses! and! markets! allowed! for! a! wide! variety! of! solutions! involving! open! participation! of! all! business! units! and! strategy! &! marketing! units.! Hence,! this! process! was! clearly! positioned! in! a! situation! of! double! unknown! and! privileged! open! collaboration! and! learning.! From! 20! accepted! projects! within! BIP,! 4! of! them! are! still! ongoing! and! appear! to! be! generic! technologies.! Despite! classical! technology! -! market! couple! criteria,! the! successful!projects!issued!from!this!process!were!generic!(e.g.,!projects!in!part!III).! The!example!of!the!3DTouch!project!from!Case01!(see!Part!III)!demonstrates!that!the!manager!role! appears!to!be!critical!to!privilege!generic!aspects!of!the!solution!instead!of!a!specialization!in!more! promising! markets.! For! instance,! one! of! the! potential! customers! was! interested! in! using! haptic!have!to!be!able!to!ensure!the!platform!insertion!to!both!the!existing!markets!that!can! generate!profit!in!the!shortCterm!and!the!emerging!markets!to!ensure!the!longCterm!growth!for!GT.!! GT! exploration! motivates! managers! to! seek! for! transversal! ideas! to! address! several! market! areas! (existing!and!new!ones)!and!for!new!original!technological!solutions,!which!are!flexible!and!robust!to! address!several!environments.!They!should!privilege!a!variety!of!market!applications!while!reusing! the!existing!technological!competences!and!developing!new!ones!with!minimal!cost!of!reCadaptation! in!between!future!modules.!These!results!indicate!the!existence!of!an!actor(s)!who!has!an!expertise!in! identifying! missing! technologies! and! markets! and! interdependencies

  Figure0350@0Cross@application0manager0expertise0
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 112 Figure0360@03DTouch0Generic0Technology0Design0action0logic0 The0 CAM0 and0 the0 design0 action0 logic0 allow0 accounting0 for0 the0 GT0 design.0 How0 is0 this0 logic0 articulated0 within0 other0 innovation0 functions0 within0 the0 company?0 How0 does0 this0 new0 managerial0figure0of0the0CAM0interact0with0other0actors?!Le!Masson!et!al.!(2010b)!demonstrate! that! the! innovation! function! aims! to! organize! collective! innovative! design! and! appears! as! a! conceptual! core! that! activates! both! research! and! development! and! extensively! mobilize! the! knowledge!and!competences!obtained!from!them.!The!authors!define!the!innovation!function!as!an! action! model! coherent! with! the! mission! of! the! innovation! function! within! the! organization.! This! action! model! is! managed! through! the! coCevolution! of! competences! and! products.! The! managerial! objects! are! the! innovative! fields! themselves! and! the! type! of! performance! is! managed! through! the!

1 .

 1 Figure0380@00Bipolar0Ph.D0projects0portfolio0(20020@02006)0The!generic!concept!that!orientates!exploration!of!this!generic!portfolio!was!not!defined!at!the!Ph.D.! thesis! level.! The! research! projects! appeared! to! be! decoupled! according! to! their! goals! defined! by! a! generic!portfolio!(R,!D,!Rc!type!of!projects).!Still,!they!appear!as!necessary!building!blocks!to!ensure! the! technical! features! of! GTs! and! its! adaptation! to! specific! market! properties.! It! is! at! the! level! of! technology! line! manager! that! the! concept! of! generic! approach! for! WICFI! systems! was! created! and! exploration! is! then! organized! within! portfolio.! Even! if! generic! potential! of! the! technology! could! be! revealed! from! the! single! project! analysis,! in! this! portfolio! the! generic! concept! leading! to! genericity! was!defined!in!advance!(before!the!launch!of!Project!1!in!2002).!

  !! This!dissertation!proposes!innovative!ways!to!design!GTs! and!to! deal!with!the! situation! of! "double! unknown".! In! this! concluding! part,! we! summarize! the! principal! findings! of! the! thesis! starting! from! the! anomaly! identification! to! the! introduction! of! a! new! model! of! collective! action! for! the! design! of! GTs.! We! then! present! the! industrial! and! academic! perspectives! and! limits! of! the! undertaken! work.! Finally,! we! demonstrate! the! managerial! implications! and! the! questions! raised! by! the! present! exploration!through!various!theoretical!perspectives.!! 1. PRINCIPAL POSITIONING OF THE THESIS: THE ISSUE OF DOUBLE UNKNOWN MANAGEMENT FOR GENERIC TECHNOLOGIES DESIGN PERSPECTIVE The!increasing!costs!of!R&D!investments!in!a!competitive!environment!have!caused!established!firms! to! reconsider! their! strategy.! To! maintain! their! competitive! advantage,! these! companies! attempt! to! develop! radically! innovative! technologies! and! breakthrough! products! by! externalizing! their! R&D,! developing!partnerships,!pursuing!innovation!contests!and!developing!creative!tools!to!deal!with!the! unknown!while!controlling!the!costs!of!exploration.!This!is!the!starting!point!of!this!thesis:!from!one! side!there!is!a!motivation!to!deal!with!the!unknown!in!order!to!propose!innovative!solutions!ahead!of! competitors! and! from! the! other! side,! there! is! an! increasing! pressure! to! control! the! costs! of! R&D! exploration,!to!ensure!market!acceptance!by!new!forms!of!risk!management!in!the!unknown.!Dealing! mostly!with!the!fast!paced!semiconductors!industry,!we!are!driven!by!the!fact!that!semiconductors! appear! to! be! capable! of! developing! GTs,! which! ensure! the! technical! progress! and! growth! across! various! sectors.! By! developing! generic! technologies! that! address! several! markets! it! is! possible! to! reduce!the!risks!of!technology!acceptance!and!its!appropriation.!Our!research!focused!upon!the!role! of!GT!design!for!companies'!growth!and!double!unknown!management.!! In!a!double!unknown!situation,!neither!technologies!nor!markets!are!fixed.!Markets!are!considered! unknown!since!the!probability!of!their!existence!is!really!low!and!market!signals!are!highly!dynamic.! Technological! performance! and! its! maturity! is! yet! undetermined! and! there! usually! exist! many! technological! alternatives.! In! this! case,! traditional! risk! management! strategies! considering! decision! states! are! independent.! They! do! not! take! into! account! emergence! of! new! alternatives! and! are! thus! limited! in! how! they! are! able! to! deal! with! the! double! unknown! situation.! The! literature! relevant! to! technological!platforms!development!proposes!ways!to!deal!with!interdependencies!by!proposing!a! platform! with! several! modules.! Built! upon! the! underlying! platform,! the! modules! address! multiple! markets!and!reduce!risks!of!unknown!exploration!by!ensuring!the!platform's!reuse.!It!is!unclear!how! to! build! a! successful! platform! core! in! unknown! situations! (i.e.,! which! independence/interdependencies! structures! to! privilege)! and! how! to! evaluate! more! successful! platforms.! How! is! it! possible! to! account! for! successful! exploration! by! preserving! the! unknown! character! of! associated! technologies! and! markets?! In! double! unknown! situations,! the! management! object!itself!remains!to!be!defined.!It!appears!as!a!research!anomaly,!since!there!is!a!lack!of!strategies! to! conduct! exploration! in! the! double! unknown! situations! that! structure! unknown! and! manage! the! dependencies.! However,! in! practice! the! ability! of! dealing! with! double! unknown! situations! by! GT! Conclusion:!Generic!technology!design!in!double!unknown! ! 214! design!is!highly!interesting!as!it!would!open!numerous!perspectives!for!highCtech!companies!and!is!of! high!interest.!Yet,!genericity!appears!ex&post!as!a!result!of!exploration.!Can!we!deduce!that!genericity! appears!as!the!result!of!a!random!process?!Or!is!it!an!evolutionary!trial?!Does!genericity!depend!on! the! vision! of! a! particular! entrepreneur! or! is! it! possible! to! actually! define! repeatable! methods! and! strategies!to!intentionally!design!GT?! This!is!why!the!goal!of!this!thesis!is!to!examine!the!anomaly!and!develop!a!new!action!logic!for!GT! design!by!answering!the!following!research!questions:!1)!What!are!the!strategies!of!risk!management! in!double!unknown!that!lead!to!the!design!of!GT?!2)!What!are!the!technoCeconomic!conditions!and! contingent! criteria! that! define! strategies! performance! and! their! validity?! 3)! How! to! conceive! GT?! What!are!the!methods,!processes!and!strategies!to!increase!and!design!genericity?!4)!What!are!the! necessary! organizational! structure! and! actors! capable! of! managing! this! genericity?! These! four! principal! questions! enable! us! to! determine! the! underlying! aspects! of! the! new! action! model:! the! management! object,! the! performance! and! context,! the! methods! and! theoretical! basis! and! the! corresponding!organization!structure!and!governance!models.!! This! research! is! conducted! mainly! at! STMicroelectronics,! one! of! the! biggest! semiconductor! manufacturers.!Faced!with!high!levels!of!competition!and!high!needs!in!R&D!investment!to!support! "Moore's! Law",! the! industry! is! turning! towards! more! disruptive! innovation! and! unconventional! forms! of! unknown! exploration! that! integrate! market! knowledge! from! the! very! beginning! of! technology!development.!The!necessity!to!control!the!costs!of!exploration!in!unknown!situations!and! to! benefit! from! it! in! order! to! propose! radically! new! products,! prompts! ST! to! look! for! methods! to! manage!double!unknown!situations.!Moreover,!semiconductors!provide!emblematic!examples!of!GTs! and! therefore! appear! relevant! to! explore! both! double! unknown! and! the! methods! for! GTs! design.! Given! the! exploratory! nature! of! this! work,! an! intervention! research! approach! was! mobilized.! The! work!was!conducted!from!2010!to!2013!based!on!1)!the!ex&post!analysis!of!various!contexts!to!collect! and! analyze! the! data! following! a! semiCstructured! method,! documentation! analysis! and! data! triangulation!to!ensure!the!pertinence!of!the!drawn!conclusions;!2)!ex&ante!projects!participation!to! test! emerging! concepts! and! gain! further! insights! into! the! processes! of! GT! design! and! unknown! exploration!within!the!company.!

  )0Contingent0techno@economic0criteria0determine!the!conditions!when!the!strategies!of!GT!design! are! more! advantageous! to! develop! than! more! classical! ones! like! market! pull,! technology! push! or! evolutionary! approaches! such! as! trial! and! learning.! It! is! shown! that! the! design! of! GT! is! pertinent! when!multiple!market!alternatives!emerge!and!change!dynamically,!technologies!are!aggregative!and! the! cost! of! new! interdependencies! creation! is! low.! Two! contingent! criteria:! technological! aggregativity! and! stability! of! market! signals! appear! to! be! crucial! to! define! validity! zones! for! each! strategy.! These! criteria! were! established! based! on! the! developed! simulation! model! of! technoC economic!environments.!The!proposed!model!incorporates!the!evolution!in!time!environments!and! deals! with! interdependencies.! It! aims! to! investigate! the! performance! and! conditions! of! different! strategies!in!the!situation!where!the!industrial!dynamic!has!the!same!order!of!magnitude!as!the!time! of!development.! To!design!a!GT,!3)!one!has!to!define!and!manage!generic0concepts!that!lead!to!genericity!exploration! through!the!design!of!larger!validity!domain.!The!generic!concept!is!a!starting!point!in!the!design!of!a! generic!technology.!Each!generic!concept!is!built!on!the!associated!domain!of!existence.!The!generic! concept!targets!the!existence!domains!that!are!not!reduced!to!one!solution!but!several!of!them,!either! known!or!partially!unknown.!To!account!for!higher!genericity,!the!validity!domain!should!be!larger,! meaning!that!it!has!to!embody!various!application!areas!and!be!flexible!towards!new!environments.! Three! strategies! to! design! existence! domain! in! unknown! were! defined,! based! on! the! empirical! Conclusion:!Generic!technology!design!in!double!unknown! ! 216! analysis!of!GTs!development!at!ST:!attraction,!superposition!and!projection.!These!strategies!provide! different! ways! of! building! validity! domains! to! account! for! successful! GTs.! Higher! technological! aggregativity!facilitates!the!domain!design!and!leads!to!the!attainment!of!a!larger!existence!domain.!

  figure! of! a! manager! who! is! capable! to! manage! generic! concept! generation! while! mobilizing! the! required!expertise.!Through!the!detailed!analysis!of!four!dimensions!(object,!conditions,!process,! actors)!we!have!introduced!the!model!of!generic!technology!design!(Figure!40)!
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  Figure0410@0Microprocessor0Transistor0counts0@0Moore's0Law 16 0The! disintegration! of! a! value! chain! conveys! to! the! appearance! of! a! very! diversified! ecosystem! of! players!where!each!one!is!responsible!for!their!part!of!the!value!chain!(e.g.,!substrate!manufacturers,! pure!test!players,!design!houses,!foundries,!etc.)!As!a!result!there!exist!a!variety!of!business!models! among!which!Integrated!device!manufacturers!(IDMs),!foundries!and!fabless!models!represent!more! than! 60%! of! the! total! market! size 17 .! The! fabless! business! models! comprise! the! design! and! sale! of! hardware!devise!and!chips!while!outsourcing!the!fabrication!of!the!devices!to!foundries.!!

  Figure0420@00Semiconductor0value0chain0 Yet,! this! scaling! law! is! approaching! its! limits! and! there! exist! technologies! that! do! not! necessarily! follow!Moore's!Law.!According!to!Morris!Chang,!CEO!of!TSMC,!in!April!2011!"Moore's!law!won't!hold! true! in! 6C8! years" 18 .! For! instance,! one! of! the! bottlenecks! of! Moore's! law! is! the! metal! interconnects! that!are!used!to!connect!elements!of!integrated!circuits.!As!metal!wires!scale!down,!the!resistanceC capacitance!(RC)!product!of!interconnects!increases!the!time!delay!in!crosstalk!of!signals!and!finally! increases!the!consumption!and!reduces!the!computing!speed!of!IC![START_REF] Meindl | ! Limits! on! silicon! nanoelectronics! for! terascale! integration[END_REF].!Additionally,! current! leakage,! power! consumption! and! heat! sink 19 ! also! pose! problems! to! keep! up! with! Moore's! Law.!

Figure0440@ 0MEMS0market0

 0MEMS0market0 Figure0440@0MEMS0market0 In! Febraury! 2013,! Yole! Développement! recognized! STMicroelectronics! as! the! first! $1! billion! MEMS! company!(Yole,!2013).!ST!is!now!churning!out!some!4!million!MEMS!devices!a!day,!offering!not!only! inertial! sensors! but! also! consumer! pressure! sensors,! microphones,! and! eCcompasses.! ST! promotes! that!the!integration!of!multiCaxis!sensor!technology!to!the!growing!number!of!multiCplatform!devices! enables!innovative!MEMS!applications.!!

2 .

 2 Figure0460@0BICMOS9MW0technology0The! purpose! of! SiCbased! BICMOSMW! technology! is! to! combine! the! advantages! of! two! types! of! transistors:!the!bipolar!transistor!for!higher!gain,!higher!switching!speed,!better!noise!performance,! low!consumption!and!the!CMOS!(Complementary!Metal!Oxide!Semiconductor)&transistor!for!higher! density,!better!performance!for!logic!operations,!lower!speed!blocks,!control!functions.!

Figure0530

  Figure0500@0Research0project0classification00 To! analyze! and! reveal! types! of! projects! and! their! interdependencies,! they! have! to! be! codified! in! a! unified! way.! Initially,! we! codified! each! project! by!associated! keywords.! In! this! case! a! thesis! can! be! defined!as!a!set!of!attributes&in!the!space!of!scientific!and!engineering!language.!Moreover,!for!each! thesis!project!we!underlined!the!initial!questions!and!results!for!the!academic!community!(in!terms! of! publications),! business! (collaboration! with! BUs,! patents),! and! development! projects.! We! underlined!whether!the!results!were!reCused!within!the!same!domain!or!provided!some!inputs!to!the! other!exploration!areas,!and!whether!it!provokes!further!investigations.!The!projects!were!classified! according!to!the!definitions!established!by!RID!model!(Le!Masson,!2006).!To!illustrate,!the!examples! of!research,!development!and!innovation!projects!are!provided!in!Table!16.!

  separate! the! conducting! parts:! transistors! and! interconnects! form! each! other! to! reduce! parasitic! capacitance,! enable!lower!heat!dissipation!and!faster!switching!speed.!optimization!projects!(2006!-!2009)!developed!a!concept!of!scatterometric!porosimetry 29 !for! the! study! of! etching! process! of! porous! materials! and! their! characterization! for! CMOS! 45! nm! node.! The! project,! launched! in! 2009,! used! the! developed! expertise! and! attempted! to! optimize! the! introduced!concept!of!plasma!etching.!This!thesis!resulted!in!a!protocol!that!enables!the!widening!of! this!method!to!complex!stacks!of!materials!for!28!nm.!! Each!new!project!launched!from!2002!to! 2010! is!based!on!the!results!of!the!previous!explorations! and!attempts!to!reuse!them!for!new!CMOS!generation!(the!change!between!generations!is!indicated! within!the!CCK!diagram,!the!projects!are!positioned!in!K!basis).!They!effectively!optimize!and!build!on! the! existing! and! acquired! knowledge.! The! projects! observed! within! gate! etching! and! interconnects! are! mostly! research! and! development! types! that! support! the! logic! of! "ruleCbased! design".! These! explorations! are! highly! compliant! with! the! ITRS! roadmaps.! They! do! not! look! to! revise! the! already! established!rules!and!do!not!challenge!the!validity!of!CMOS!logic.!! The! differences! were! observed! within! the! exploration! oriented! to! process! control.! In! situ! and! real! time!control!of!the!different!process!steps!in!semiconductor!device!manufacturing!becomes!a!critical! challenge,! especially! for! the! lithography! and! plasma! etching! processes! (El! Kodadi,! 2009).! The! normally!used!etching!control!was!based!on!offline!scatterometry.!The!joint!research!work!of!ST!with! the!LTM!laboratory,!permitted!to!introduce!dynamic!scatterometry,!which!can!be!used!as!a!real!time! monitoring!technique!during!the!resist!trimming!process!(see!Figure!54).!These!two!projects!revised! the! previously! established! rules! of! scatterometric! procedures! and! proposed! a! "ruleCbreaking"! Advanced!R&D!Solution!for!both!gate!etching!(Project!17)!and!interconnects!(Project!18);!they!led!to! the!development!of!new!concepts.!! Overall,! it! is! shown! that! etching! project! portfolio! comprises! projects! that! are! mostly! based! on! validation!of!certain!techniques,!on!process!fineCtuning!and!new!technological!pieces!development!to! ensure!further!growth,!devices!performance!and!reliability.!These!projects!are!mostly!R!and!D!types! with! the! accent! on! optimization! and! implementation! of! research! phenomenon.! This! exploration! in! unknown! is! highly! structured! thanks! to! the! ITRS! roadmaps! that! guide! the! needs! of! new! CMOS! generations! and! define! etching! roadmaps! to! support! it.! There! are! explicit! interdependencies! based! on! continuity! of! these! projects,! direct! reuse! of! obtained! results! within! the! portfolios! in! different! aspects!of!thesis!and!implicitly!based!on!the!resources!and!inputs!sharing.!Within!portfolio!projects! were! mostly! defined! according! to! the! different! "clients"! (metrology,! lithograph,! CMOS! fabrication! process)!for!project!exploration.!Etching!appears!as!one!of!the!key!enablers!for!generic!technologies.!!
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  Figure0540@0C@K0Modeling:0Process0Control0 Still,! this! portfolio! comprises! exploration! of! new! concepts,! new! steps! and! new! procedures! that! modify! the! process! (like! changing! process! control! by! implementing! real! time! scatterometry).! The! ruleCbreaking!projects!were!not!issued!from!the!stream!of!new!CMOS!generation!drivenCprojects.!The! advances! in! metrology! and! equipment! manufacturers! drove! them.! Their! conceptive! nature! structured! unknown! and! influenced! the! classical! process! of! fabrication! while! enabling! easier! and! more!precise!dynamic!control!of!etching.!!

  Figure0560@0C@K0Models0based0on0A,0K,0E0(adapted0from0(Felk02011))0 This! experiment! was! conducted! for! disruptive! 3D! Integration! technology! at! STMicroelectronics.! In! 2008,! when! the! technology! was! still! immature! and! the! unknowns! were! high,! the! authors! demonstrated!that!by!working!on!the!generative!concepts!like!"definition&of&a&TroughMXMVia&(TXV)&as& interconnect&between&devices&rather&than&ThroughMSiliconMVia&(TSV)"!allowed!considering!any!type!of! substrate! and! ways! of! interconnecting! devices! trough! this! substrate.! The! high! rate! of! issued! ideas! from!this!and!relevant!concepts!led!to!a!high!number!of!inventions!which!in!turn!enabled!ST!to!obtain! patents!and!launch!new!exploration!projects.!!
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  Figure0570@0Wide0I/O0Thermal0Analysis.0Source:0Corporate0Packaging0and0Automation0Stress0Analysis0lab0 -ST0Agrate0 The! revealed! issue! based! on! temperature! requirements! and! limits! of! multiple! states! of! wide! I/O! product!appeared!to!be!much!broader.!For!instance,!smartphone!platforms!are!tightly!coupled!with! thermal!performance!at!silicon,!package,!PCB!and!mechanical!systems.!Thermal!management!appears! to! be! one! of! a! key! design! challenge.! There! is! a! need! in! new! methods! and! materials! to! reduce! heat! resistance! from! transistor! and! active! cooling! methods! have! to! be! researched! to! deal! with! reduced! footprints,!increased!power!density!and!multiple!heat!sources!of!heterogeneous!3D!solutions.!! At! the! same! time,! thermal! management! solutions! that! exist! for! PCs,! servers! and! any! other! high! performance! applications! cannot! be! directly! reused! in! smartphones! and! tablets.! According! to! the! ITRS!report!"by&2018&at&18&nm#power&dissipation&will&reach&151&W&for&cost&performance&and&198&W&for& high& performance& applications".! Will! heat! removal! techniques! meet! power! density,! heat! flux! and! thermal!resistance!needs!of!future!products?! The!previously!launched!experiment!in!3D!Integration!area!allowed!a!number!of!important!patents! to!be!obtained.!Yet,!the!issue!of!thermal!management!was!uncovered!by!this!exploration.!Taking!into! account! the! actual! problem,! the! projection! of! the! ITRS! on! thermal! management! problems,! the! diversity! of! potential! application! of! 3D! Integration,! the! exploration! teams! have! decided! to! initially! focalize! the! exploration! in! thermal! management! of! 3D! stacks! in! order! to! explore! and! potentially! create! the0 domain0 of0 existence0 for0 new0 ideas0 and0 design0 generic0 sub@domain0 portfolio0 that0 proposes0 intelligent0 thermal0 management0 solutions0 for0 a0 large0 variety0 of0 applications0 using0 3D.0Then!how!to!allow!for!further!technology!dissemination!by!solving!a!rather!generic!problem!of! overheating?!!

Figure! 1 !

 1 Figure!1!C!Double!unknown!phenomenon:!technologies!and!markets!are!illCdefined!and!yetCunknown !............................................................................................................................................................................................................!37!

  is based on iterative, selected trials that are coupled with flexible changes in a course of action. This strategy aims to transform the initial situation of high uncertainty by formulating the problem and integrating knowledge. The trials serve mostly to decrease uncertainties and to increase the probability of success. They can decrease both market and technological uncertainties and may open new market possibilities; this strategy is adapted to the double unknown context. This sequential development of trial projects and associated learning enables the acquisition of expertise through an exploration project. The strategy corresponds to the selection and consequent generalization of a particular project to develop additional applications (i.e., the trial-and-learning strategy-SU 1 ).

  and-learning (SU 1 ): Integrated radio frequency front-end module for mobile phones SU 1 was investigated through a case study of advanced technology development at ST involving BAW for front-end module (FEM). The initially targeted market was mobile consumer M 1 , and a solution was sought for the emerging radio frequency FEM filter application. The common discrete

  ) = 12., P****= 7.8917e-16, where later fails to privilege the stronger market signal. The use of the low reconfiguration criterion means that adaptability between the new technological islands and the existing technologies is low which reduces significantly performance of Common Unknown and Trial and Learning (M = 4161.5, SD = 4422), t(40) = 10.5, P****= 1.4681e-14. Technology Push (M = 1786.2, SD = 3131.2), t(40) = 12.3, P**** = 4.1161e-16, and Random Strategy (M = 489.7, SD = 1001.9), t(40) = 13.5, P****= 1.8945e-16 have low performance in case of known environment with stable market signals and low technological compatibility.

  ) = 3.1, p*** = 0.0022. Moreover, high adaptation costs for futher market explorations prevented Trial and Learning from winning (M = 89.9, SD = 356.3), t(100) = 3.1, p*** = 0.020. As the results of Scenario 3 shows (see Appendix C), there is a significant difference for Trial and Learning strategy (M = 52575.9, SD = 28449.1) in unknown environment with average speed of market renewals and high path dependency. Rather high technological compatibility privileges patent design high path dependency impede Common Unknown M = 5874.1, SD = 3225.7) from winning t(100) = 16.3, P****= 3.9655e-30. Market Pull (M = 18627.3, SD = 19653.9), t(100) = 9.8, p ****= 2.0333e-18 fails since it doesn't take into account path dependency. Technology push (M = 15598.2, SD = 143443.2), t(100) = 11.6, p**** = 1.7395e-22 and Random strategy (M = 846.1, SD = 1414.2), t(100) = 18.2, p****= 2.3476e-33 performances are significantly lower. In the case of multiple low and dynamic market signals with high technological compatibility and path dependency (Scenario 4), Common unknown strategy has higher profit (M = 9331.7, SD = 5103.2) than market pull (M = 5874.1, SD = 3225.7), t(100) = 5.7, P****= 4.6355e-08, technology push (M = 2699.9, SD = 3555.9), t(100) = 10.7, p**** = 8.2318e-21, trial and learning (M = 5972.6, SD = 4009.9), t(100) = 5.2, p ****= 5.8140e-07 and random (M = 493.2, SD = 1503.1), t(100) = 16.6, p ****= 1.8384e-32 strategies. These results are significant at the p = 0.001 level.

Figure 1

 1 Figure 1 Conditions of strategies applicability

  the importance of generic technology (GT) development. Numerous studies have attempted to understand the value of general-purpose technologies from historical

Figure 1 :

 1 Figure 1: Generic extension in C-K theory

Figure 3 .

 3 Figure 3. Generic steam engine design in C-K-theory

Illustration 2 .

 2 Engineering knowledge structure -MEMS case MEMS (Micro Electro Mechanical System), micron-size devices that can sense or manipulate the physical world, are exceptionally diversified. MEMS encompass the process-based technologies used to fabricate tiny integrated devices and systems that incorporate functionalities from different physical domains into one device. MEMS revolutionized various product domains and created new ones by bringing together silicon-based microelectronics and micromachining technology

Figure 4 .

 4 Figure 4. Generic MEMS technology and D design in C-K-theory

  Jean Monnet, F-38926 Crolles Cedex corresponding author: olga.kokshagina@mines-paristech.fr
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 124 Figure 1 Business innovation process for generic portfolio structuring

Figure 1 Figure 2 Figure 3

 123 Figure 1 Typology of Ideas contests: the specific case of double unknown (adapted from (Terwiesch and Xu, 2008))

-

  Is it possible to increase platform genericity by incorporating other functions leading to enlarge market area?

Figure 1 :

 1 Figure 1: Double unknown situationManagement research has identified innovative strategies displayed by individual firms to manage their R&D efforts in this new paradigm ([Loch, et al. 2008];[Kokshagina, et al. 2012a]). The situation of technological lock-in[START_REF] Arthur | Competing technologies, increasing return and lock-in by historical events[END_REF]], however, is often characteristic of an industry as a whole, not just of a single company, and it is often outside of the reach of a single player to break out of this lock-in[START_REF] Cowan | Escaping Lock-In: The Case of the Electric Vehicle[END_REF]. Overcoming this lock-in could be viewed by the industry players as a common good, to be collectively pursued, in spite of the competition between them. In this paper, we will look at a collective attempt by industrial competitors to lead a technology and market exploration in double unknown and investigate what is the strategy being pursued.

Figure 2 :

 2 Figure 2: More's law splitting the double unknown

4. 1

 1 Emergence and implementation of the ITRS methodology to roadmap More than Moore technologies over the 2005-2012 period

Figure 3 :

 3 Figure3: Relationship between markets and relevant devices[Arden, et al. 2010] 

Figure 5 :

 5 Figure 5: Extract from Dec 2012 ITRS MtM presentation

  Gestion de risque en situation de double inconnu: théorie, modèle et organisation pour la conception de technologies génériques RESUME : Comment assurer un développement à risques limités alors que marchés et technologies sont inconnus? Ces situations ne peuvent pas être gérées par les stratégies existantes comme market pull ou techno push; et le processus type « trial and learning » apparaît trop coûteux et imprévisible. Or certaines industries comme les semi-conducteurs doivent organiser des développements technologiques à coûts et risques contrôlés, alors que les inconnues techniques et commerciales sont très importantes. Dans ces situations le sucés coïncide avec l'existence des technologies génériques. Mais comment concevoir ces technologies génériques ? La thèse modélise la conception des technologies génériques et étudie des modelés d'action collective associés.

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  Table!3).!!

	Table030@0Strategies0characterization0		
	Strategies0	Objects0	Criteria0	Actors0	Resources0
	Project0driven0	Project!	High!probability!of!	Project!manager!capable!	Information!based!
	strategy0		success!of!identified!	to!evaluate!potential!	on:!projects!
			project!	value,!has!marketing!and!	functionality,!
				technological!expertise!	technological!
			Expected!Project!		principles!and!future!
			Value!		uses!
	Platform0	Portfolio!of!	Aggregated!expected!	Portfolio!manager!that!	Platform!core!and!
	driven0	projects!	value!of!portfolio!	knows!common!core!and!	cost!of!associated!
	strategy0	(derivatives!	(utility)!	able!to!define!options!and!	options!
		created!by!		test!them!with!low!cost!	
		platform!core)!			
	Trial0and0	Phase!1.!Project!	Phase!1.!Expected!	Project!and!portfolio!	Phase!1.!Prioritized!
	learning0	used!as!common!	utility!of!project!	managers!	list!of!
		unknown!	exploration/!		projects/markets!to!
			Probability!of!		identify!trial!project.!
		Phase!2!(in!case!	project!success!		
		trial!leads!to!a!			Phase!2.!
		platform)!	Phase!2.!Aggregated!		Identification!of!
		Platform!	utility!of!expected!		future!market!
		derivatives!	value!of!portfolio!		derivatives!
			derivatives!		
	Common0	Common!	Probability!of!at!	Expert!in!both!technical!	Reasoning!on!
	unknown0	Unknown!	least!one!market!	and!economic!domains!	concept!space.!
			emergence!	capable!to!identify!	Innovative!path!
				knowledge!gaps!	identification!and!
			!		accessible!common!
				!	unknown!with!low!
					resources!

Kokshagina,!O.,!Le!Masson,!P.,!Weil,!B.,!Hassen.!A.,!Cogez,!P.!2013!Supporting!

  

		!
		!
		! The! analysis!
	confirms!that!in!scarcely!innovative!environments!market!pull!is!relevant!for!the!environments!with!
	reliable! market! signal! (dominant! markets).! The! technological! compatibility! is! not! important! in! this!
	case!and!one!can!account!for!"segregative"!technological!system!since!learning!and!path!dependency!
	are!not!taken!into!account!by!this!strategy.!We!show!that!the!design!of!generic!technology!is!relevant!
	for! the! environments! where! reliable! market! signals! are! absent! and! technological! systems! are!
	aggregative.!!	
	This!work!provides!important!indications!for!decision!makers!faced!with!the!unknown!situation.!The!
	areas! in! which! the! classical! business! logic! of! finding! profitable! solutions! for! promising! markets! by!
	managing!and!reducing!risks!is!not!valid!are!indicated.!In!these!situations!the!importance!of!criteria!
	to!valorize!multiCmarket!explorations!appeared!to!be!necessary.!This!leads!to!the!identification!of!the!
	contingent!variables!for!different,!contrasted,!business!plan!models,!from!the!risk!reduction!ones!to!
	the!genericity0building!one.!!	
	This! part! demonstrates! that! management! of! double! unknown! situation! occurs! through! the!
	exploration!of!technological!and!market!structures,!interdependencies!and!dependencies!elaboration!
	within! multiples! functions,! technologies! and! markets.! These! structures! evolve! faced! with! external!
	environments.! The! introduced! technoCeconomic! conditions! help! to! define! pertinence! of! the!
	corresponding!strategies!for!the!design!of!generic!technologies.!Yet,!the!process!itself!and!methods!
	for!genericity!exploration!remain!unclear.!The!following!part!aims!to!clarify!the!process!of!GT!design.!!
	Corresponding0paper:!or!killing!the!design!of!generic!technologies?!Towards!a!new!model!of!business!plan.!-!working!paper!
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		&
		Marshall!McLuhan!
	!	!

Methods!and!process!for!generic!technologies!design!!

  

		!
		!
	!	
	! 138! !	139!

Part III: Methods and process for generic technologies design: the notion of generic concept and genericity improvement Chapter 8 Method of engineering design and theoretical basis behind the design of generic technologies: The new notion of generic concept ................................................ 143! 1

  .!Design!of!generic!technologies:!genericity!and!genericity!Building! ......................................................!143! 1.1.!On!the!notions!of!generativity!and!genericity!......................................................................................!143! 1.2.!Formal!design!theories!on!their!way!to!account!for!various!genericity!forms!......................!145! 2.!The!new!notion!of!generic!concept!......................................................................................................................!152! 2.1.!Generic!technologies!design!using!CCK!design!theory!formalism!................................................!152! 2.2.!Research!approach!...........................................................................................................................................!153! 2.3.!On!the!genericity!of!steam!engines! ............................................................................................................!154! 2.4.!Do!MicroCElectroCMechanical!Systems!(MEMS)!attempt!to!become!generic?! ........................!157! 2.5.!Genericity!improvement!at!the!core!of!the!engineering!design! ....................................................!160!

Chapter 9 Strategies to acquire genericity: strategies of validity domain D(x) design ... 163!

  

	Part0III:!	
	1.!Strategy!of!domain!design!creation!by!environment!superposition!.....................................................!163!
		1.1.!Method!for!generic!technology!design!through!the!environments!superposition! ...............!164!
		1.2.!Empirical!case:!3DTouch!haptic!solution!at!STMicroelectronics!.................................................!164!
	2.!Strategy!of!domain!design!creation!by!environment!projection!............................................................!167!
		2.1.!Method!for!generic!technology!design!through!environment!projection!................................!167!
		2.2.!Empirical!case:!HEATec!project!exploration!at!STMicroelectronics! ...........................................!168!
	3.!Strategy!of!domain!design!creation!by!designers!attraction!-!"genericity!coCdesign"!..................!170!
		3.1.!Design!method!for!generic!technology!design!by!participants!attraction!...............................!170!
		3.2.!Empirical!case:!GreenNET!project!exploration!at!STMicroelectronics! ......................................!171!
	4.!Conclusion:!towards!higher!"genericity!building"! .........................................................................................!172!
	4.!Conclusion:!towards!higher!"genericity!building"! .........................................................................................!172!
	!	
	!	!

Methods!and!process!for!generic!technologies!design!!

  

	Part0III:!
	!	
	!	GT!is!a!technological!platform,!which!contains!a!core!that!is!independent!from!market!applications.!
	! !	The! literature! mostly! focalizes! in! the! dissemination! and! commercialization! of! the! technological! ! platforms! and! assumes! that! platform! is! given! in! advance.! Though,! in! double! unknown! neither! core!
		nor! the! corresponding! market! modules! are! determined.! Ex& ante,! which! model! can! be! used! for! the!
		design!of!the!GTs?!!
		With!the!help!of!the!formal!design!theories,! Chapter0 8! aims! to! define! what! is! generic! concept! and!
		what!are!its!corresponding!properties,!specificity!and!the!methods!of!GT!design.!This!chapter!models!
		the!design!of!GT! with!the!help!of!the!CCK!design!theory.!To!demonstrate!the!possible!extensions!of!
		applications!range,!different!forms!of!domain!of!existence!are!used:!formal!mathematical!models!and!
		engineering!models.!The!notion!of!generic!concept!is!defined.!The!introduced!generic!concept!targets!
		the!creation!of!domains!of!existence!that!are!not!reduced!to!one!solution!but!several!of!them!that!can!
		be! known! or! partially! unknown.! The! importance! of! the! existence! domain! for! genericity! building! in!
		unknown!is!stressed.!The!examples!of!genericity!building!are!shown!in!the!case!of!the!steam!engine!
		and!the!microCelectroCmechanical!systems!(MEMS)!technologies!design.!
		To!further!investigate!the!genericity!building,!Chapter09!continues!by!applying!the!derived!methods!
		to!the!empirical!study!of!advanced!technologies!development!at!STMicroelectronics.!This!enables!the!
		introduction! of! three! strategies! of! the! creation! of! domains! of! existence! to! account! for! higher!
		genericity!building.!
		!	!
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Part0III:!Methods!and!process!for!generic!technologies!design! ! 143! Chapter 8 Method of engineering design and theoretical basis behind the design of generic technologies: The new notion of generic concept

  

	"The&march&of&science&and&technology&does&not&
	imply&growing&intellectual&complexity&in&the&lives&
	of&most&people.&It&often&means&the&opposite"&
	&
	Thomas!Sowell!
	!
	!
	1.

DESIGN OF GENERIC TECHNOLOGIES: GENERICITY AND GENERICITY BUILDING 1.1. On the notions of generativity and genericity

  

	Design!science!can!be!seen!as!science!of!generativity!(Hatchuel!et!al.,!2011).!Generativity!is!defined!
	as! a! capacity! to! generate! the! set! of! various! alternatives;! it! is! an! "ability! to! produce! novel! design!
	proposals".!By!comparing!generativity!and!robustness 11 !it!is!shown!that!the!design!theories!become!
	more! generative! and! less! dependent! on! predefined! objects! while! keeping! the! level! of! robustness.!
	According!to!the!authors,!the!evolution!of!design!theories!establishes!that!generativity!can!be!seen!as!
	a!"systematic&model&of&thought&that&both&creates&new&objects&with&desired&properties&and&provides&the&
	new& knowledge& necessary& to& warrant& their& existence",! which! distinguishes! generativity! from! a!
	"natural"! capacity! of! the! mind! to! produce! novel! ideas,! meaning! creativity.! By! its! definition!
	generativity! is! relevant! for! the! exploration! of! double! unknown! situations,! as! it! can! provide! some!
	insights! on! the! process! of! the! controlled! exploration! of! new! objects! comprising! technologies! and!
	market.!What!is!the!relation!between!genericity!and!generativity?!
	!

Method!of!engineering!design!and!theoretical!basis!

  

	!
	11 !Robustness!is!defined!as!an!ability!to!produce!design!proposals!that!resist!variations!of!the!context!Hatchuel,! A.,!Le!Masson,!P.,!Reich,!Y.!&!Weil,!B.!(2011)!A!systematic!approach!of!design!theories!using!generativeness!and! robustness.&Proceedings!of!the!18th!International!Conference!on!Engineering!Design!(ICED11),!Vol.!2..! Chapter08:!! 144!

domain#of#existence.!The!domain!of!existence!comprises!known!and!yetCunknown!environments.!To!

  

	.!!
	According! to! the! design! theories! formalisms,! a! design! solution! has! to! be! robust! at! least! to! one! or!
	environment.! The! set! of! environments,! for! which! a! solution! has! to! be! validated,! is! called! here! a!
	deal! with! GT! building,! the! forms! of! genericity! and! technology! should! be! distinguished! within! the!
	design! theories! (Table! 11).! We! attempt! to! examine! formal! models! and! demonstrate! their!
	corresponding!forms!of!genericity.!!
	The!first!design!theoriy!that!is!based!on!design!formalism!with!rich!mathematical!foundation!is!the!

General0Design0Theory0(GDT)!(Yoshikawa,!1985)!which!"clarifies!the!human!ability!of!designing!in!

  

	a! scientific! way! and! producing! the! practical! knowledge! on! design! methodology".! In! GDT! a! design!
	solution! is! an! entity! included! in! specifications! and! contains! necessary! manufacturing! information!
	(Reich,!1995).!Entities!are!characterized!through!subsets!that!are!either!functions!or!attributes.!The!
	design!process!consists!of!determining!a!domain!on!the!attribute!concept!space!which!addresses!the!
	specification!defined!by!a!concept!function!space.!The!design!process!is!limited!to!the!combination!of!
	prescribed! functions! and! structures! following! axioms! of! GDT.!According! to! the! theory,! if! the! entity!
	space!has!Hausdorff!structure 12 ,!we!can!address!all!the!functional!combinations,!which!mean!that!all!
	the!entity!sets!are!known!and!each!element!can!be!described!by!abstract!concepts.!This!defines!ideal!
	knowledge! when! the! solution! might! be! obtained! once! the! specifications! are! defined.! The! problem!
	appears! when! the! space! of! attributes! does! not! cover! completely! the! set! of! functional!
	combinations.!Hausdorff! correspondence! is! impossible! to! construct! and! all! the! functional!
	combinations! cannot! be! addressed.! This! is! the! case! of! real! knowledge! where! the! future! design!
	solutions!depends!on!how!the!design!rules!will!be!established!to!define!the!correspondence!between!
	the!spaces!(for!more!details!see!Kikuchi!and!Nagasaka!(2002
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	interdependence! between! FR! and! DP! in! AD).! The! design! is! possible! when! the! context! is! described!
	through!these!particular!structures.!We!see!truly!that!if!the!environmental!context!is!"invariant"!(like!
	FR!-!DP!relations!defining!a!structure!of!design!space),!the!design!is!possible.!!	
	The0 Coupled0 design0 theory0 (CDP)0 captures! the! interplay! between! the! design! descriptions,! which!
	are!defined!by!a!pair!of!functional!and!structural!descriptions!(Braha!and!Reich,!2003).!This!theory!
	offers!a!way!to!organize!the!design!process!of!functions!and!descriptions!coCevolution!by!transition!in!
	'closure'!spaces.!Creating!functional!or!structural!closures!at!each!design!step!enables!the!integration!
	of! new! knowledge! and! consider! functions! emergence! from! 'closure'! spaces.! It! means! that! between!
	functions!there!are!order!relations.!This!theory!formalizes!exploration!in!partially!unknown!spaces!
	and! closure! operators! lead! to! conceive! not! just! existing! functions! but! also! their! proximal!
	refinement.!CDP! enables! the! treatment! of! genericity! beyond! initial! functional!
	combinations.!Genericity!can!be!explained!as!a!set!of!closure!operators!C!future!functions.!The!higher!
	genericity! could! be! achieved! thanks! to! the! closure! operators,! which! allow! the! modeling! of! the!
	emergence!of!new!functions!and!aims!to!design!generic!solution!to!account!for!these!functions.!!	
	!CDP!enables!genericity&building&in&unknown!by!integrating!new!words,!by!building!the!set!of!design!
	requirements!during!the!process.!Technology!is!described!as!functional!and!structural!descriptions.!!
	! Research! in! Engineering!
	Design,!11,!116C132.!	
	!	147!

Infused0design0(ID)0enables!bringing!the!design!problem!representation!up!to!a!mathematical!metaC

  

	!
	Chapter08:!
	level! (Shai! and! Reich,! 2004).! This! permits! not! only! the! creation! of! functions! and! organizing!
	explorations! in! closed! space! proximity! like! CDP,! but! also! the! integration! of! new! knowledge! from!
	other! disciplines.! In! ID,! instead! of! looking! for! closure! functions,! the! goal! is! the! common!
	representation!composed!of!model!type!M&and!associated!terminology!T&M&!(M,&T)!that!accommodates!
	all!the!original!ones.!The!(M,&T)!defines!the!problem!and!the!ID!privileges!transformations!of!original!
	into! reference! problems.! These! transformations! are! based! on! mathematical! operations! of! duality,!
	generality,!and!equivalence.!!
	In!ID!the!genericity!can!be!defined!as!the!combination!of!classical!genericity!inside!each!problem!and!
	the!form!of!genericity!between!them.!The!first!type!of!genericity!is!similar!to!the!ones!in!CDP,!AD!and!
	GDT.! The! second! is! ensured! by! transformation& operators! and! brings! the! power! of! knowledge!
	generation.! This! is! a! form! of! genericity! induced! by! unknown! that! relies! on! several! knowledge!
	domains.!Genericity!construction!is!based!on!the!operators!and!not!defined!over!space.!ID!explains!
	how!to!design!by!making!use!of!structures!in!multiple!domains.!!
	Concept0 -0 Knowledge! (C@K)0 design0 theory0 (Hatchuel! and! Weil,! 2009)! does! not! use! mapping! in!
	between! functions! and! attributes.! It! defines! the! design! process! as! a! continuous! refinement! of! a!
	concept! described! by! various! properties! Pi! that! need! to! be! met! based! on! existing! knowledge,! and!
	producing!new!ones.!According!to!CCK!theory,!creative!design!requires!an!expansive!partition.!This!
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genericity# by# reference# to# a# fixed# referential0 in0 known0 environments0 and0 genericity# induced# by# yet# unknown# ones.! In

  

						!
				Part0III:!		
	Technology0	Structure!of!	Set!of!FRs!and!	Functional!and!	Set!of!models!and!	Initial!
		entity!space!	DPs!relations!	structural!	terminology!in!	knowledge!(KC
				descriptions!	each!and!across!	space)!
					domains!	
	Genericity0	Functional!	Range!of!	Functional!	Within!problems!	KCreordering,!
	defined0over0	combinations!!	functional!	combinations!	(discrete!models)!	Concepts!
	extension0		requirements!!	and!new!	and!duality!across!	
	domain0			words!	problems!	
	Genericity0	Hausdorff!	Diagonal!matrix!	Closure!	Transformation!	Descriptors#of#
	Improvement0	measure!	(independency)!	operations!	operations!	existence#
						domain#
	Genericity!by!reference!to!a!fixed!referential!!	Genericity0induced0by0unknown0
		Defined!over!Space!		Genericity0operators00
	!					
	On!the!whole,!the!existing!formal!design!theories!give!a!tendency!to!predefine!generic!space!that!can!
	be!constructed!through!combination!of!known!and!unknown.!Based!on!the!literature!review!of!the!
	design! theories,! different! types! of! genericity! were! identified:! ! case! of!
	known! environments,! GDT! and! AD! provide! powerful! solutions.! Regarding! genericity& in& unknown,! it!
	has! been! demonstrated! that! the! design! theories! evolution! brings! the! possibility! to! reason! on! yet!
	unknown! environments! (CDP,! ID! and! CCK).! There! are! various! forms! of! descriptors! of! existence!
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	domain! for! genericity! building.! The! most! generative! formal! models! lead! to! distinguish! genericity&
	defined&over&a&fixed&referential!(entity!space,!functional!space,!closure!space)!and!genericity!obtained&
	by& descriptors& that& help& to& propagate& and& hybridize& the& new& into& the& old,! beyond! the! new! validated!
	conjunction!(Table!11).!These!descriptors!can!be!1)!deduced!from!existing!knowledge!(as!in!case!of!
	duality! operator! in! ID),! meaning! that! the! rules! of! propagation! exist! and! are! used! for! knowledge!
	propagation!or!2)!can!be!conceived!during!the!exploration.!!	
	The! literature! review! reveals! different! genericity! building! operators! but! their! contribution! to!
	acquired! genericity! can! be! demonstrated! only! when! the! results! are! achieved.! How! can! these!
	operators! be! identified! at! the! beginning! of! the! design! process! and! how! to! account! for! higher&
	genericity&in&unknown?!As!with!any!other!design!process,!a!generic!technology!design!starts!with!an!
	initial! concept.! Which0	
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type0 of0 concept0 leads0 to0 genericity0 creation?0 What0 are0 the0 associated0 operators,0knowledge0structure0and0reasoning0associated0with0genericity0design?0! ! ! ! Chapter08:!Method!of!engineering!design!and!theoretical!basis!
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		!
	areas.! Based! on! the! process! of! generic! technology! design,! the! generic! concept! capacitates! the!
	elaboration!of!a!new!domain!of!multiple!solutions!and!not!just!a!single!one.!!	
	Definition:0 The0 generic# concept! targets! the! existence! domains! that! are! not! reduced! to! one!
	solution! but! several! of! them,! both! known! and! partially! unknown.! The! several! environments! for!
	which!a!solution!has!to!be!validated!are!called!here!domain0of0existence0D.!!Genericity!is!based!
	on!the!existence!domain.!A!generic!concept!can!be!presented!as!xP(x)#over#the#domain#D.&In!CCK!
	theory!when!one!particular!conjunction!in!space!C!is!achieved,!a!new!entity!can!be!created!P'.!In!K!
	space! propagation! operators! need! to! establish! the! relations! between! P'! and! all! the! other!
	knowledge! entities! K1,& K2,…,Kn! using! the! descriptors! of! existence! domain! d1,& d2,…,dn! included! in!
	D.!Once!a!conjunction!based!on!the!generic!concept!is!obtained,!a!new!object!X!is!designed!with!all!
	the!corresponding!properties!P(x),!and!D!enables!its!propagation!for!all!the!relevant!and!emerging!
	knowledge!entities,!establish!new!interdependencies!and!increase!genericity!(	
	concept! and! domain! of! existence! to! build! new! rules! and! extend! the! solution! to! other! application!
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	consequently!on!a!sequence!of!applications.!According!to!this!model,!Watt!designed!a!steam!engine!
	and! progressively! applications! appeared! to! use! this! generic! technology.! Based! on! the! analysis! of!
	historical! literature! of! the! early! development! of! steam! engines! (Dickinson,! 2010)! we! aim! to!
	investigate! whether! the! genericity! of! steam! engines! was! achieved! following! evolutionary! trial! and!
	learning!process!or!more!intentional!design!driven!strategy.!	
	In! the! late! 17 th ! century! flooding! problems! challenged! mining! activities! in! Britain.! The! pumping!
	solutions! to! lift! water! out! of! miles! were! actively! explored.! The! first! successful! design! is! known! as!
	Savery!engine!(1695!C!1702),!where!steam!was!first!admitted!and!then!condensed!inside!a!vessel!by!
	pouring! cold! water! outside! and! following! steam! condensation,! atmospheric! pressure! drives! the!
	water! to! be! pumped! up! into! the! vessel! (Frenken! and! Nuvolari,! 2004).! Yet,! the! engine! enabled! the!
	demonstration!of!the!potential!of!steam!power,!rather!than!how!it!was!really!used!in!practice!due!to!
	its! height! limitations! in! raising! water! (around! 6! m),! and! its! high! power! consumption! to! recreate!
	!used!in!various!domains!as!reciprocating!pumps,!spinning!mules,!
	driving! machinery! in! factories,! mines,! and! propelling! transports.! The! story! of! the! steam! engine's!
	development! is! often! interpreted! using! the! evolutionary! model! of! a! successful! trial! applied!
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2.4. Do Micro-Electro-Mechanical Systems (MEMS) attempt to become generic?

  

	!
	Chapter08:!
	!It!
	was!an!intentional!genericity!design!process,!which!did!not!result!in!a!completely!original!solution,!
	but!on!an!enabling!principle!of!movement!transformation!and!a!continuous!effort!of!validity!domain!
	design.!In!this!respect,!Boulton!ensured!constantly!growing!interest!in!steam!power!from!the!unusual!
	market! areas! (like! breweries,! textiles)! by! exposing! success! market! stories! of! already! implemented!
	design! (e.g.! the! famous! Albion! Mills! in! London),! by! publishing! technical! booklets! that! facilitate! the!
	use!and!maintenance!of!engines!by!their!owners!directly!(Pyka!and!Hanusch,!2006).!!
	Micro! Electro! Mechanical! System! (MEMS),! micronCsize! devices! that! can! sense! or! manipulate! the!
	physical!world,!are!exceptionally!diversified.!MEMS!encompass!the!processCbased!technologies!used!
	to! fabricate! tiny! integrated! devices! and! systems! that! incorporate! functionalities! from! different!
	physical! domains! into! one! device.! MEMS! revolutionized! various! product! domains! and! created! new!
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	ones! by! bringing! together! siliconCbased! microelectronics! and! micromachining! technology!
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	!
	).! These! two! examples! demonstrate! the! importance! of! validity! domain! D& design! to! account! for! successful! generic! technology! design.! In! the! case! of! steam! engines! the! descriptors! that! enabled!the! building! of! D,! were! revealed! using! the! existing! knowledge! on! water! wheels! rotary! movement.! Conversely,! MEMS! illustrate! the! case! when! the! descriptors! were! unknown! initially! and! were! designed.! Through! the! analysis! of! these! two! cases,! the! similar! pattern! of! D! definition! could! be! observed.! First,! it! structures! the! knowledge! space! by! connecting! initially! independent! knowledge! bases!(including!technological!phenomena,!application!domains,!etc.)!to!define!generic!concept!and! form! an! existence! domain.! Second,! once! the! domain! is! designed,! the! connections! tend! to! multiply,! new! relevant! knowledge! emerges,! independent! generic! core! is! formed! and! new! interdependencies! could!be!built!to!account!for!higher!genericity.!Here!the!more!aggregative!technologies!are,!the!higher! are!the!chances!to!build!a!large!validity!domain!and!connect!distinct!knowledge!bases.!! 160! There0might0be0a0variety0of0processes0to0design0validity0domain0for0generic0technologies.0The! following!part!attempts!to!explore!possible!ways!of!acquiring!genericity!and!build!existence!domains! Chapter08:!! for!GTs.!!

The0economic0reasoning0behind0the0genericity0building0provides0the0important0insights0on0the0 dynamics0of0engineering0systems0and0the0problem0of0the0design0of0generic0technology0is0at0the0 heart0of0the0engineering0systems0planning0and0design.00 ! Part0III:!Methods!and!process!for!generic!technologies!design!! Chapter 9 Strategies to acquire genericity: strategies of validity domain D(x) design

  

	.! This! intermediary!
	objects!might!be!used!as!a!means!to!work!on!generic!concepts!and!foster!transversal!exploration!to!
	attain!higher!levels!of!genericity.!Besides,!the!design!of!generic!technologies!occurs!when!the!level!of!
	maturity!is!not!relevant.!These!early!phases!of!exploration!(as!indicated!in!(Legardeur!et!al.,!2010)!
	are! not! evident! and! require! collaborative! innovation! process! within! and! outside! company's!
	framework,!which!calls!to!investigate!the!organizational!issues!and!define!the!actors!involved!in!the!
	process!of!the!design!of!generic!technologies!(see!Part!IV).!
	"One&man's&'magic'&is&another&man's&engineering"&
	&
	Robert!A.!Heinlein!!
	!
	!
	The!construction!of!the!validity!domain!D(x)!appears!to!be!crucial!for!genericity!building.!What!could!
	be!the!methods!to!design!D(x)!in!order!to!attain!higher!genericity?!Chapter!7!indicated!that!the!design!
	of! GTs! is! particularly! relevant! when! the! technologies! are! aggregative.! The! more! flexible! and!
	aggregative!technologies!are,!the!lessCresource!consuming!(in!terms!of!cost!and!technological!effort)!
	the! process! of! interdependencies! building! within! different! knowledge! domains! is,! and! thus,! it! is!
	possible!to!account!for!larger!D.!!
	The!operation!of!building!D&is!critical!for!the!success!of!GTs!design.!The!previous!section!enables!to!
	identify! the! patterns! of! D& creation.! Yet,! how! to! build! D! in! unknown! to! define! generic! concept?!
	Through! the! empirical! study! of! advanced! technologies! development! at! STMicroelectronics,! three!
	strategies!of!domain!design!were!identified:!strategy!of!environment!superposition,!of!environment!
	projection!and!environment!attraction.!Further,!each!method!is!formulated!and!presented!using!the!
	associated!empirical!cases!at!ST.!!

1. STRATEGY OF DOMAIN DESIGN CREATION BY ENVIRONMENT SUPERPOSITION

  

	!
	Chapter09:!
	The! strategies! for! genericity! building! were! investigated! using! the! projects! issued! from! the! internal!
	innovation!challenge!launched!at!ST!in!2009.!This!initiative!is!called!the!Business!Innovation!Process!
	(BIP).!It!was!launched!between!two!geographical!sites!of!STMicroelectronics!in!France!(Crolles!and!
	Grenoble),! and! open! for! all! the! 6400! employees.! These! two! sites! are! located! in! the! Rhone! Alpes!
	region,!known!as!the!"French!silicon!valley"!in!microelectronics!and!nanotechnology.!The!goal!of!this!
	process! was! to! develop! innovation! initiatives! that! enable! potential! innovators! to! address! new!
	markets!that!were!outside!of!the!domain!of!the!existing!business!units,!and!to!deliver!solutions!for!
	several! market! areas,! but! that! did! not! provide! volumes! big! enough! to! be! financed! by! particular!
	business!units.!The!contest!targeted!transversality,!ecosystem!development!and!value!for!users!and!
	for! ST.! BIP! appeared! as! a! relevant! hub! for! designing! generic! technology! and! through! detailed!

Strategies!to!acquire!genericity:!strategies!of!validity!domain!design!

  

	empirical! analysis! of! 3! successful! explorations! issued! from! BIP,! several! strategies! of! genericity!
	improvement!were!analyzed!
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		General conclusion:
	Generic technology design in double unknown
	!		
	1.!Principal!positioning!of!the!thesis:!the!issue!of!double!unknown!management!for!generic!
	technologies!design!		"Everybody&has&to&be&able&to&participate&in&a&future&
	!	!	that&they&want&to&live&for.&That's&what&technology&
			can&do"&
			&
			Dean!Kamen!
	!		
	!	!	
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4.!Managerial!implications:!transversal!technology!and!markets!exploration!in!the!unknown! ....!219! 5.!Further!work:!dissemination!of!the!logic!behind!generic!technologies!design!and!its!validity!220!

Conclusion:!Generic!technology!design!in!double!unknown!

  !anomaly!and!clarify!the!descriptors!to!reveal!them.!Second,!we!construct!the!instruments! for! data! analysis! to! identify! the! anomalies! following! the! empirical! cases,! and! characterize! the! underlying!research!phenomenon.!This!approach!enabled!us!to!build!a!new!action!logic!for!generic! technology! design! based! on:! object! definition,! technoCeconomic! conditions,! performance,! methods,!

	identify!theprocesses!and!the!actors!responsible!for!genericity!building.!!	
	Four!principal!results!that!correspond!to!initially!defined!research!questions!determine!the!model!of!
	GT! design! in! double! unknown.! This! model! is! driven! by! 1)! a0 strategy0 for0 GT0 design0 in0 double0
	unknown:0 common0 unknown,! which! is! based! on! the! capability! to! identify! and! design! a! common!
	core! for! various! known! and! yet! unknown! markets.! This! strategy! was! witnessed! through! the!
	comparative! framework! of! risk! management! that! takes! into! account! uncertainty! and!
	interdependencies!management.!The!strategy!was!characterized!through!the!analytical!model!of!data!
	!	215!

analysis!applied!to!the!empirical!cases!of!technology!development.!This!model!allowed!us!to!analyze! the! interdependencies! creation,! new! technologies! and! markets! exploration! in! double! unknown! situations.! It! argues! that! in! double! unknown! one! can! organize! exploration! using! the! mapping! between!functions!that!technologies!will!be!able!to!address!and!functions,!that!markets!seek!to!fulfill.! It!is!shown!that!the!trial!and!learning!strategy!is!potentially!risky.!Indeed,!it!occasionally!leads

  The strong competition and quickly changing environments that characterize the semiconductor industry allow firms to explore both new technologies and new functionalities and to create new products and markets while coping with unknowns. The pace of innovation in the semiconductor industry is extremely high, and to innovate successfully, companies must incorporate both market and technological dimensions, which requires double unknown exploration. Market volatility makes it impossible to estimate costs and volumes by using traditional techniques. The unknown character of technologies is predefined by the variety of technological possibilities driven by scientific discoveries, by their disruptive nature, and by the lack of feasibility and standards to clearly evaluate

advancements. For example, because of these changes, the International Technology Roadmap for Semiconductors (ITRS) community created a new technology working group to include significant parts of the "More-than-Moore" (MtM) domain in its work and to pursue roadmap exploration in double unknown situations. The MtM trend is characterized by the functional diversification of semiconductor-based devices and technologies that cover a wide range of fields and that aim for extensive knowledge-creation methods in science-based environments

(Le Masson et al., 2012;[START_REF] Robinson | Waiting games: innovation impasses in situations of high uncertainty[END_REF]

.

Moreover, the heavily research-driven and disruptive semiconductor industry offers an emblematic example of existence of GTs

(Bresnahan & Trajtenberg, 1995)

; thus, this industry is particularly relevant for exploring GT design strategies in double unknown situations. Highly innovative and research driven, the European semiconductor firm STMicroelectronics (hereinafter ST) is a relevant case company to address our research questions. ST's work is conducted in advanced R&D groups that do not follow the MtM trend. The company faces a high level of uncertainty regarding both technology and future markets. For instance, at ST, there are successful examples of GTs, including MEMS and silicon-germanium BiCMOS technologies.

  The common unknown strategy requires a coordinator who interacts with all business units and R&D centers and

who is capable of identifying emerging industrial trends. Moreover, this strategy furthers our understanding of the managerial criteria that are suitable for double unknown situations and aims to define a new manager who is capable of piloting unknown markets and technologies. Using a model of double unknown exploration, managers employing a common unknown strategy should be able to manage existing learning dependencies among different alternatives while accounting for the possibility of a new interdependencies design. Managers' business plan should be based on a model of creating a technological core for multiple markets, not on a classical revenue model of generating more benefits from a highly promising market application. Cross-application managers coordinate a round table of potential partners, whereas in trial-and-learning, an entrepreneur is looking for a single blockbuster platform.

Table 2

 2 Scenarios definition (for criteria description see Appendix A)

	Criteria			Scenario 1: Market	Scenario 2:	Scenario 3: Trial and	Scenario 4: Common
				Pull	Technology Push	Learning	unknown
	Probability	of	market	High	Low	Low	Low
	existence (C1)					
	Market signals dynamic (C2)	Stable	Dynamic	Dynamic	Dynamic
	Speed of Market Renewal	Fast	Slow	Stable	Stable
	(C3)						
	Type of environment (C4)	Dominant	Unknown	Unknown	Unknown
	Ratio of dominant markets	Dominant	Unknown (less than	Unknown (less than 10% of	Unknown (less than 10%
	vs. unknown (C5)		Environment (at	1% of dominant	dominant markets)	of dominant markets)
				least 10% of	markets)		
				dominant markets)			
	Path dependency (C6)	Not applicable	Not applicable	High	Low
	Capacity	to	recombine	Low (High costs of	Medium Low	Medium High	High (Min cost)
	technological elements -	technological			
	defined through cost of	reconfiguration)			
	technological reconfiguration				
	(C7)						

Table 1 .

 1 Technology and genericity definitions in Design theories

		GDT	AD	CDP	ID	C-K
	Technology	Structure of	Set of FRs and	Functional	Set of models and	Initial
		entity space	DPs relations	and structural	terminology in each	knowledge
				descriptions	and across domains	(K-space)
	Genericity	Functional	Range of	Functional	Within problems	K-
	defined over	combinations	functional	combinations	(discrete models)	reordering,
	extension		requirements	and new	and duality across	Concepts
	domain			words	problems	
	Genericity	Hausdorff	Diagonal	Closure	Transformation	
	Improvement	measure	matrix	operations	operations	
			(independency)			

Table 2 Cross-application manager

 2 

		Case 1		Case 2	Case 3	Case 4
	Results of GT	4/20 (+/-)	(+)	(+)	4/10 (+/-)
	portfolios				
	The role of CAM 4 GT projects	The coordinator	The animator role	For each portfolio
		(from 20) led to	of TWG "More	of patent	resulting in
		successful generic	than Moore" held		generic
		portfolio creation.	the group together	sessions appeared	technology, a
		The	managers	and pursued the	to be critical to	technology leader
		performed the role	of	refine and	performed the
		of CAM.		generic functions	organize the	function of
				for both	patent portfolio	technology line
				technologies and	around generic	manager (CAM).
				key application	technology.
				domains.	

Appendix.

Summary of significant data: generic and specific technologies Specific exploration Toward generic technology portfolio

  

	Market		Well-defined	Multi-environment (distinct search,
	Environment	application domain	diversified markets and technology
			(single market)	portfolios)	
	Technology		Unique expertise	Broad scientific knowledge involved to
	behind			form generic core
	Case	1.	Project "Power-	3DTouch project. A generic platform for
	Innovation		Eating Report".	an active surface to simulate haptic touch
	Contest		Replace equipment	sensations was designed to maximize the
			power plugs by a new	number of targeted environments including
			model that measures	e-commerce	applications,	eye-less
			and reports power	consumer back type keyboards, automotive
			consumption using the	applications	gaming,	and	medical
			CPL network:	diagnosis through surface simulation using
			elaborated technology	MEMS or piezoelectricity actuator:
			application context coupling	a generic platform that seeks to address multiple markets and create new uses
				(multiple projects involved)
	Case 2. ITRS	TWG Interconnect.	TWG More than Moore -MEMS
	MtM working group		One of the challenges: the rapid introductions of new materials/processes that are necessary to meet conductivity requirements and reduce dielectric permittivity create integration and material characterization challenges (ITRS, 2011): the problem is fixed, and the goal is to provide a technological solution	Scope: The ITRS MEMS technology roadmap focuses on the key technologies associated with mobile internet devices, such as smart phone and tablet computers. The key MEMS device technologies considered are the following: accelerometers and gyroscopes, microphones, and RF MEMS, including resonators, varactors, and switches. The roadmap also reviews emerging MEMS applications, including optical filters, picoprojectors, the electronic nose, microspeakers, and ultrasound devices (ITRS, 2011): multiple technological and marketing challenges: exploration in double unknown
	Case 4.			Design a patent portfolio on "3D
	Generic			processes": Vertical stacking of dies with
	patent design		maximum functionality and optimal design
				point enabling heterogeneous integration
				for various applications -obtaining a rich
				patent portfolio to protect enabling

Table 1 . Innovation ideas contests in technological contexts Elements Parameters User IC (U IC ) Technology IC (T IC ) Limits of U IC and T IC for GT IC

 1 

	Challenge	Context	NPD,	FFE,	Technological		U IC : Too Specific applications
	initiation		New product	prototypes, proof of	T IC : Too specific technology
			offers,		concepts, Robustness	development.		
			applications							
		Uncertainty	Market based	Technology	based	U IC and T IC are not suitable when
		level	uncertainty	uncertainty		T and M are unknown	
		Openness	High		Low						
	Idea	Evaluation	Max	Net	Min	Cost	of	For	double	unknown	the
	generation	Criteria	Present Value	development		combination of market driven and
	and selection							technological criteria need to be
								used			
	Idea	Valorization	Chosen		Technology		U IC and T IC don't take manage
	development		Product		development		product and technology diffusion
			development				together		
	Motivation	Reward	Fixed-price	Performance		Fixed price awards are hard to
		System	awards		contingent award	determine before the challenge
								launch;	Performance	based
								awards could be suitable in
								unknown		

Table 2 . Generic technology IC contest

 2 

	Step	Parameters	GT IC
	Outcome	Creation of design communities to explore technological platform, develop new business
		directions	
	Challenge initiation Context	Innovation capability, Genericity is a target
		Uncertainty level Double unknown (Both Technology and markets are unknown)
		Openness	High to account for larger market area, low to design new generic
			technology
	Ideas Generation	Evaluation	Variety of market applications, min cost of readaptation
	and Selection	Criteria	
	Ideas development	Valorization	Platform opens up new possibilities for product development; Design
			modularity as well opportunities for new challenges type UIC, TIC
			while reusing core
	Motivation	Joint Expertise	
		Building	

Table 3 . Managerial guidance for GTIC organization GT IC elements Probing Questions

 3 Are all the stakeholders in line with GT IC objectives? (i.e. developing long-term technological platform for several markets, focusing on breakthroughs innovation…) -Does the contest brief enable participants to cover different technological and markets domains?

	Challenge initiation	--Does the contest encourage multidisciplinary teamwork and the development of
		ecosystem?
	Ideas generation and	-Are there transversal ideas or mostly functionally or technologically interdependent
	selection -genericity	ideas?
	identification	

Table 1 :

 1 Number of "More than Moore" mentions in ITRS editions ((*)2011 "Assembly and Packaging" data missing)

	Year of ITRS edition	2005	2007	2009	2011 (*)
	Total number of mentions of More than Moore	1	31	49	79
	Total number of ITRS working groups (incl. IRC)	16	17	17	18
	Number of TWG mentioning More than Moore	1	6	9	11
	Average number of mentions per involved TWG	1.0	5.2	5.4	7.2

!Source:!KPCB!Internet!Trends,!accessed!September!20,!2013!

Ph.D. projects -twofold exploration of technologies and associated marketing challenges

projects launched: 5 clusters for 29 ideas, 1 generic potential
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LITERATURE REVIEW AND PROBLEM FORMULATION

In this section, we compare existing RM strategies and show that they can be classified according to three primary issues: 1) the assumption of either independency or interdependency; 2) the interdependencies that are known or unknown; and 3) the creation of interdependencies through either emergence or design.

Independencies and interdependencies in RM strategies

When uncertainty is low, when the possible alternatives are known, and when their values can be determined, risk minimization at the level of a singular project occurs (the S 1 strategy). S 1 provides methods to help decision makers cope with uncertainty (Chapman, 1990;Lipshitz & Strauss, 1997).

RM includes methods to either increase the probability that an event will occur or increase that event's impact on the project (Petit & Hobbs, 2010). These strategies minimize unknowns by selecting less uncertain projects that are predicted a priori to have a higher probability of occurrence.

The level of uncertainty allows the prioritization of corresponding markets and the selection of a more promising technological alternative, which results in maximal economic performance (i.e., using expected NPV, discount cash flow). RM focuses on addressing uncertainties associated with project feasibility, the market, technology, and financial and organizational aspects (Ward & Chapman, 2003). In S 1 , risks should be managed by project leaders who are capable of defining and calculating information based on the probability of success. Thus, this strategy seeks to identify favorable technology T i -market M i couples from the list of predefined candidates. The probability of the success of S 1 is equivalent to the probability of the chosen technology-market couple:

, where n is the number of considered alternatives.

When the uncertainties are too high to select the most promising technology-market couple and when complexity is high, selectionism can be used. Selectionism (S 2 ) consists of launching multiple trials in parallel and then selecting the most favorable approach (Lenfle & Loch, 2010;Loch et al., 2008). S 2 is often considered to be more expensive and is affordable to use for large problems. 2 is less time consuming and more suitable for market-driven approaches that need faster response. The managerial Moreover, what type of business model might be adapted to double unknown management? Generally, business models enable us to manage risks implied by technological development (Mason & Stark, 2004). Traditional business plans consider that a technology-market couple will be developed, and RM entails reducing the risk of technological or market failure. These business plans focused on risk reduction are constructed based on the assumption that markets and technologies are known, and we attempt to recognize promising markets and reasons why goals are technologically achievable. In double unknown situations, the classical logic of business plan construction is not adaptable. Further research is thus needed in this area. (1) Fast renewal -after each ti, Mi (created) > Mj (addressed). This scenario represents a thriving economical environment (2) Stable -after each ti, Mi (created) = Mj (addressed). This scenario is a reflection of a stable economy where the demand is stable.

Appendix A. Environments and strategies description

Criteria

(3) Slow renewal -after each ti, Mi (generated) < Mj (addressed). This is the case of a suffering economy where clear client demand is disappearing in a way that risk and uncertainty are increasing. Type of environment (C4) Dominant Unknown

(1) Dominant environment (DE):

The dominant design is characterized by the main T* existence that addresses the maximum number of Fi. After each ti, new Fi will be most likely addressed by T* (meaning that the technological effort needed to address Fi by using T* is lower that with the others Tj).

(2) Unknown environment (UE) is characterized by the multiplicity of technological candidates Ti, where each one addresses very few functions Fi. The fact that there are many technologies implies the existence of even more unknown technologies since all technologies are linked to each other with unknown yet edges. In an unknown environment there is very little information about markets. Ration of dominant markets vs. unknown (C5)

Dominant vs. Unknown

The ratio of dominant design or unknown environment defines the environment type. If the ratio of dominant design markets is more than 5% and unknown markets less than 1% -the environment is considered to be dominant.

Path Dependency (C6) Not applicable High Low

Technologies are path dependent. In this model path dependency influences the distance in between the edges (High path dependency means high adaptability in between the edges). Capacity to recombine technological elements -defined through cost of technological reconfiguration (C7)

Low Medium Low Medium High High

These rules define the capacity to recombine the technological elements. This capacity in the model is defined through costs of technological reconfiguration. The following reconfiguration criteria to determine the value:

1) Low: as an aggregated cost of technological elements 2) Medium Low: less than as an aggregated cost of technological elements 3) Medium High: as a maximal cost of technological elements 4) High: as a minimal cost of technological elements Budget reallocation YES NO

Refers to the remaining budget reallocation in between ti

Strategies of technology-market exploration

Market Pull

This strategy is modeled as: The heart of SiGe technology is a SiGe heterojunction bipolar transistor (HBT), which offers advantages over both conventional silicon bipolar and silicon CMOS for the implementation of communication circuits. not only driven by an economic logic [START_REF] Kanter | How great companies think differently[END_REF][START_REF] Suchman | Managing legitimacy: Strategic and institutional approaches[END_REF]. Aside from the economic issues, innovation can also be beneficial for institutions through the actors' interactions which are involved in the production, the diffusion and the management of scientific and technical knowledge [START_REF] Bjerregaard | Industry and academia in convergence: micro-institutional dimensions of R&D collaboration[END_REF][START_REF] Hargrave | A collective action model of institutional innovation[END_REF] Sociologists view markets as social institutions that are constructed in culturally specific ways [START_REF] Slater | Market society: Markets and modern social theory[END_REF]. Innovative explorations tend to be characterized by a division of labor to attain mutually beneficial divisions. By studying the institutional and organizational dimensions of the innovation, [START_REF] Coriat | Organizations, firms and institutions in the generation of innovation[END_REF] show the importance of the institutional approach to explain the variety of firm patterns, their evolution and determine the social context in which the various agents and primarily firms operate. While taking the institutional lenses, we could gain a new perspective to the ICs definition, its motivation in case of generic technologies exploration and propose a mechanism of institutional support.

Appendix B. Simulation

Insert Table 1 about here

In situations of the dual exploration of both markets and technologies [START_REF] Sanchez | Strategic product creation: Managing new interactions of technology, markets, and organizations[END_REF], one way to deal with unknowns and ensure long-term growth is to design generic (also known as general purpose) technologies that can address many emerging markets. The organization of idea contests that favor such technologies would decrease the risks of developing single market failures and increase technologies application areas. The participants involved in such ideation could enrich future ideas by better defining GTs, and by associating them with new applications, thus opening up emerging markets or developing new needs, bringing new technological aspects within the scope of traditional projects and attracting additional investment. But -do such ICs that are specifically organized to conceive generic technologies ex ante exist? If yes, what is the logic behind and the motivation of both seekers and solvers to launch this type of contest?

To summarize, the existing typology of idea contests has not taken double unknown situations into account [START_REF] Terwiesch | Innovation contests, open innovation, and multiagent problem solving[END_REF]. The forms of ICs identified in the literature so far (i.e. UICs and TICs), and their evaluation criteria and incubation processes, seem inappropriate to the process of simultaneous technology and market exploration for developing generic technologies. There is no evidence of serious attempts to organize idea contests designed ex ante to produce generic technologies when both market uses and relevant technological principles are unknown (see Figure 1). The goal of such generic technology idea contests (GTICs) would be to design genericity itself: the object of this research is to determine an appropriate form of ICs for creating GTs. The general framework we suggest involves the examination of each ICs element: thus our research question can be decomposed in four sub-questions: [START_REF] Design | Patent! is! a! result! of! research! on! inventive! activity.! The! relations! between! patents,! innovation! and! R&D!over!time!has!been!shown!by!various!researchers!(Granstrand,!1999[END_REF] In which contexts could GTICs be organized? (2) What criteria are relevant for selecting ideas that could form the basis of generic platforms? (3) How should generic platforms be explored and implemented in high-tech firms? (4) What are the collectives of seekers and solvers and what is the seekers motivation system associated to this kind of context?

Research settings

Context and Data Site

Given the exploratory nature of this study to describe the specifics of GTIC, we adopted a case study methodology as an appropriate research approach [START_REF] Yin | Discovering the future of the case study method in evaluation research[END_REF]. This method Appendix A Questionnaire submitted to IC participants (on scales of 0 to 5 for the evaluation questions with the possibility of leaving additional comments) -Internal Document Profile:

1) What is your function within the company? 2) Seniority level? 3) In which challenges didn't you take part (Challenge 1: Real Sense; 2: Real Energy; 3: Make life easier and better?)

Feedback on the different phases:

1) Ideas collection • Was the challenge description and theme selection clear?

• For the different ways of ideas collection did you prefer?

• How do you estimate the efficiency of ideas collection?

• Were the results on ideas collection and selection clear for you?

• Other remarks and suggestions 2) Creation of possible platforms

• Were the processes steps clear for you?

• Was it useful to have external participants during the common meetings?

• Was the fact of having external members in your project group positive for you: for personal development; for idea maturity? • Were these coaching sessions helpful for you in your everyday work?

• Other remarks and suggestions 3) Support of Core Innovation Team (CIT) and Innovation Venture board (IVB) evaluation • How do you estimate support of CIT members (for networking, sponsorship of your project)? • Was the CIT feedback beneficial for your innovative project development?

• Were there matching in between the given initially selection criteria and the final decision of IVB members? • Was the presentation of the final IVB results clear for you?

• Other remarks and suggestions for the CIT support and the IVB selection

Vision and interest:

1) What do you think is an objective of this initiative? (open question) 2) Was a participation in this process positive or negative experience for you? 3) What will you change for this experience to be positive? (open question) 4) What motivated you to participate in innovation contest? 5) Will you encourage your colleagues to participate in a future challenge and its incubation phase? 6) Will you be motivated to participate again? 

Appendix B Business innovation process Empirical comparison