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In aeronautics, the development of a new aircraft is usually organised in sequence. That means the aircraft is designed rst, then its industrial system. Therefore, the industrial system may endure stringent constraints due to aircraft design choices. This can result in suboptimal performance with respect to manufacturing. But approaches such as Collaborative Engineering or Concurrent Engineering invite dierent engineering teams to work simultaneously and together in order to open up new prospects for a product design. In the context of a project that aims at developing methods and tools for co-designing an aircraft and its industrial system, we use Goal-Oriented Requirements Engineering (GORE) to model and to understand their respective expectations but also their dependencies. In this paper, we describe our application of goal modelling based on three iterative attempts. We start from an exploratory stage to have a global picture of the dependencies between the design of an aircraft nose section and its industrial system. We nish with a focus on a smaller problem in which we understand the key elements of the assembly line performance based on a nose design. For each attempt, we describe our results and feedback, and show how we overcame issues raised at the previous stage. We also highlight the links with known issues about GORE practical application.

1 Introduction sn eronutisD development is usully sequentil proessF hevelopment eE gins with the de(nition of the irrft nd the optimistion of its hrteristisD I nd then with the de(nition of the industril system nd its performne optiE mistionF fy industril system we men ftoriesD prodution proessesD supply hinD ssemly linesD etcF his development yle leves very little room for optimising or (neEtuning the industril system9s own hrteristisF sndeedD the industril system is quite onstrined y the irrft designF his prolem is exerted y silo orgnistionD with one silo dedited to irrft design nd nother silo dedited to industril system designF uh n orgnistion is lmost inevitle in the se of lrge irrft mnufturers tht hve to del with lrge numer of stkeholdersF roweverD it redues the ility to hve glol vision nd the potentil for ollortion ross silosF st is only reently tht industril tems hve een involved in the erly stges of irrft developmentD nd irrft nd industril system designs re seen s prt of the sme overll systemF he ide is tht the industril system own onstrints nd ojetives n lso in)uene the design of the irrftF his strong reltionship etween the two designs is typilly wht leds to gollE ortive ingineeringD gonurrent ingineering or even imultneous ingineerE ing IQD RF hey re wellEknown pprohes tht onsist in di'erent engineerE ing tems working simultneously nd together in order to otin n optimum design of severl interting systems 1 F imultneously designing two systems togetherD or wht we ll 4oEdesigning4 in this pperD is prtiulrly hllengE ing when it omes to n irrft nd its prodution IIF por instneD hoie of n ssemly proessD suh s drilling insted of weldingD n impt irrft erodynmisF gonverselyD some design onsidertionsD suh s the hoie of mterilsD will ompletely de(ne the mnufturing proessesF yptimising the overll system 4irrftGindustril system4 design is preisely the purpose of trnsformtion projets in the erospe industryD suh s the Black Diamond in foeing or the DDMS (Digital Design Manufacturing & Service) in eirus TF hese two ompnies im to hnge their development prtiesF hey wnt to ensure thtD from the erly development phsesD irrft nd its industril system re onsidered togetherF sn order to meet this hllengeD we prtiipte in projet involving E demis nd industril tors to de(ne new methods nd tools for the oEdesign of n irrft nd its industril systemF sn this respetD it ws neessry to hve ler view of eh system expettions nd how they in)uene eh otherF o this endD we deided to pply Goal Oriented Requirements Engineering (GORE) pprohesF qyi is prt of Requirements Engineering (RE) using golsD i.e. the ojetives the onsidered system should meetD to expressD eliit nd negoE tite requirements IRF fut in RED the gp etween reserh nd prtie is known prolem sine the PHHHsD nd studies hve een initited to shed lights on it QF wéndez pernández ehoes these (ndings nd proposes the xii @xming the in in equirements ingineeringA inititive to pture i prE ties nd prolems in industry in order to onnet with the reserh ommunity WF es n exmple of gpD the uthor points out the predominne of qyi in 1 For additional information on the specic dierences between Collaborative Engineering, Concurrent Engineering or Simultaneous Engineering, please refer to [12] P reserh ut their shortfll in prtie VD SF husD wvin et al. point out the lk of onnetion etween reserh nd industril prtie vi study sed on qyi literture survey nd questionnire ddressed to prtitioners UF ome reent works hve tried to ridge the gp etween demi nd industry domins y onsidering more relevnt grphil lyouts IS or y investigting how gility nd nonEfuntionl requirements n e hndled together IUF sn similr spiritD we try to use qyi pprohes in n industril ontext to identify stkeholdersD to lrify oth irrft nd industril system ojetives nd to eliit interEdependenies etween themF sn this pperD we present three itertive ttempts to use qyi in ollortion with eronutis expertsF he (rst ttempt fouses on modelling the gols of the irrft nd its industril sysE tem with the experts using lngugeEfree pprohF he ojetive is to softly introdue the notion of gols to the experts nd otin ommon voulry mong their di'erent dominsF he seond ttempt fouses on introduing the itr qyi lnguge for the gol modellingF he ojetive is to go step further in the usge of qyi in order to otin more formlised nd preE ised gol modelF en dditionl ojetive is to use lnguge lose to the gol modelling onepts tht ould hve emerged during the (rst ttemptF he third ttempt fouses on nrrower se study in order to push the usge of qyi even furtherF he ojetive is to lern from the two previous ttempts nd reEpply gol modelling from squre one on some spets of the design ut in muh more detilsF por eh ttemptD we present the orgnistion of the workE ing sessionsD the otined model nd the lessons lerned from the experieneF sn dditionD we outline the prolems we fe when operting the sessionsF his rtile is orgnised s followsF etion P desries the overll se study nd its hllengesF etion Q summrises our (rst ttempt to model irrft nd its industril system following qyiElike pproh without using spei( lngugeF etion R presents seond modelling pproh for whih qyi lnguge ws introduedF etion S desries how we overome some issues we hd from the previous pprohes y fousing on smller se studyF pinllyD etion T onludes the rtile nd opens on future workF 2

Case Study Presentation

2.1

Aircraft Nose Section yur se study fouses on n irrft noseF e were not interested in ny prtiulr irrft modelD ut in the generl proess of designing n irrft nose nd its ssoited industril systemF e shemti overview of generi irrft nose setion is given in pigure IF en irrft is uilt upon the ssemly of ylinder setions whih re equipped with ll required aircraft systems suh s eletri lesD wter pipesD ir ondiE tioningD wste tretment etcF sn dditionD the nose setion ontins the okpit with its )ight instruments @like vertil speed inditor or ltimeterA nd the lnding gerF feuse of the diversity nd numer of elements instlledD the Q hesign hoies of n irrft hve impts on the wy the irrft is mnuE fturedD nd therefore on its industril systemF woreoverD mnufturing nd ssemling n irrft nose eomes n even greter hllenge when the rte of delivery inreseF husD the wy the nose setion ssemly is roken down into luster of tsks is one of the key ftors for e0ienyF fut priniples design nd ssoited tehnologies used to mnufture the primry struture re lso essentilF por instneD the use of riveting insted of welding to onnet prts of the irrft entils di'erent onsequenes on industril system hrteristis like mhines investment or ssemly timeF yther elements suh s the mE hining of metl sheets versus utting them into smller onesD the numer of pnels to uild the skin or the numer of frmes nd stringersD led to mjor di'erenes in terms of ostD ssemling timeD investmentD humn resouresD etcF yn top of these struture ssemly hllengesD there re ergonomi di0ulE ties for the essiility to the di'erent res of the irrft under onstrutionF por instneD opertors generlly hve to instll lrge nd hevy elements @e.g. out UH kg for element of lnding gersA in smll spes with limited ess @e.g. through smll horizontl hthAF eside from requiring lrge mount of timeD the instlltion of these elements my oupy lrge re of the irE R rft under onstrution too @e.g. the stepldder to ess the hth oupies the spe elow itD whih prevents instruments from eing pled t this loE tionAF feuse no ssemly tivities n e performed in the oupied resD this prevents the prllelistion of tivities nd therefore the overll ssemly e0ienyF 3

First Application: Modelling the Overall System sn order to uild the gol model to understnd the dependenies etween prodE ut nd produtionD we hve orgnised severl working sessions with expertsF sn this setionD we (rst desrie these sessions with respet to their prtiipnts nd their ontentF henD we present the resulting gol model nd disuss the ssoited feedkF 3.1 Goal Elicitation: Modus Operandi Participants ixperts tht prtiipted in the working sessions re ll memers of eirus @nd its vrious susidiriesAF hey ll hve mny yers of experiene in their spei( tehnil (elds ut none of them hd ny prior knowledge of golE oriented pprohesF ome of the experts tht we ll the ore temD ttended ll the sessions nd ontriuted to the gol modelF his tem ws omposed of two rhitetsD speilised in irrft design nd its systemsD two industril expertsD speilised in the design nd orgnistion of n ssemly line nd n expert in the irrft mnufturer9s tivities digitlistionF pinllyD on top of these expertsD there were two demi prtiipnts @uthors of this pperA tht re fmilir with qyi pprohes nd served s filittorsF Organisation ix sessions took ple over three months nd lsted round two hours ehF ell sessions were orgnised remotelyF Sessions content he (rst sessions ojetive ws to hve ommon voulry mong ll the prE tiipntsF sn ftD mny professionsD ompeteniesD were involved nd experts hd two very di'erent ulturesX the design o0e nd mnufturingF henD we took few sessions to introdue the si onepts of gol modelling pE prohesD long with the dvntge of suh pprohesF st ws only fter ll the prtiipnts hd uilt shred ulture nd voulryD s well s ler vision of wht gol isD tht (rst gol model emergedF sn dditionD two more sessions were dedited to spei( tehnil pointsF sn these two sessionsD some experts joined to provide explntionsF pirstlyD in S hlfEdy teleonferene sessionD two experts me to explin how they hd designed n irrft9s noseF eondlyD we hd full dy feEtoEfe session with n ssemly proesses expert who ws le to nswer tehnil questions tht rose during the previous working sessionsF Goal elicitation support ixperts were free to eliit gols nd their links without ny forml onstrintsF st llowed them to onfront their di'erent ultures nd to shre their own voE ulry with othersF he working sessions took ple on ollortive online spe where eh prtiipnt ould rete notes nd link notes togetherF his online spe hs only one shpe in whih it is possile to write textF he only wy to dd semntiD iFeF to distinguish the di'erent oneptsD ws the use of oloursF sn prtieD the (rst sessions were dedited to eliittion nd were like training wheels stges to mke the prtiipnts strt resoning out golsF e sked them to eliit their di'erent domins gols nd the reltionships eE tween themD inside their own domins ut lso intrEdominsD in order to design the irrft nose nd its mnufturingF he lst sessions were dedited to onsolidte the model y disussing the links nd dependenies etween the gols of the di'erent domins nd y heking the onsisteny of the modellingF et this pointD the prtiipnts hd etter understnding of gol modelling pprohes nd ommon ground me out in terms of onepts needed for modellingF

3.2

Goal Model he result of the very free nottion pproh ws digrm with 123 gols nd 120 reltionshipsD distriuted lmost eqully etween the design domin nd the mnufturing dominF sn the endD the prtiipnts informlly de(ned nd used four types of reltionshipsX contributionD decompositionD dependence nd tradeF he trade reltionship is unusul in omprison of the other reltionships tht n e found in other qyi lngugesF sn our digrmD it ws used to pinpoint the need for negotition etween the stisftion of two golsF his model gve us glne t the onepts mnipulted y the prtiipnts nd their pity to express golsF en overview of the resulting digrm is shown in pigure PF xote tht there re S dependene reltionships etween the two dominsF he text nd some spets hve een removed for on(dentility resons ut it gives visul insight on the size nd shpe of the modelF

Discussion

Positive aspects qyi pprohes hve een well reeived y the expertsF hey were prtiuE lrly stis(ed with two spetsF pirstD through the qyi pprohD the experts ould hve glol piture of the entire oEdesign tivityF hey re trditionlly working in silos nd it is pigure PX yverview of the gol eliittion using online notesEsed tool sometimes not esy to think the tivity glollyF his view is fundmentlD in order to understnd the onstrints nd gols of eh domin nd to reh n optiml oEdesign of n irrft nd its ftoryF eondD eliiting the gols llowed them to eliit the motivtions of their tivitiesF hey re missing this pilityF sndeedD the motivtions re not present in the ompny proessesF iven if experts know tht n tivity hs to e ful(lledD from their experiene nd from the enterprise proessD the resons for it re not lwys oviousF Diculties encountered e enountered vrious di0ulties in this (rst ttempt for pplying qyi pprohesF pirstlyD it ws di0ult to understnd where to strtF row do you mke industry experts model using qyi when they hve never delt with these oneptsc o the eginning of the tivity ws very onfusingF e stepEyE step introdutionD s we hve doneD seems to e good wy of ddressing the prolem in golEoriented wyF eondlyD the vilility of experts ws sometimes prolemF he more we were expnding the modelD the more we relised tht the ore tem lked some very spei( tehnil knowledgeF iither the expert domin ws not inluded in the ore tem or two experts were not present t the sme time to disuss ommon issueF hirdlyD we hd di0ulties to otin gols nd not design solutions or tsksF st ws hllenging for the prtiipnts to reson t gol levelF ixperts were often inlined to strt tlking out tions nd solutions rther thn mintining rtionl gol levelF e sometimes hd to go through mny sessions to e le to express gol orretlyF pourthlyD this tendeny to think in terms of tions nd design solutions often led prtiipnts to dete very nrrow issuesD therey losing the purpose of the tivityF he sessions tended to diverge on disussions nd detes out U tehnil detils nd lsted muh longer thn plnnedF he sessions required lot of modertionD it ws di0ult to (nd the right lne etween letting experts dete in order to (nd meningful gol nd stopping them in order to mke progress on the modelF pinllyD the growing omplexity of the model over the sessions ws di0ult to mngeF he tivity of oEdesigning irrft nd its industril system isD of ourseD very omplexD ut the model ws eoming eqully omplexD espeilly in terms of reltionshipsF 4

Second Application: Introducing a core language for modelling pollowing this (rst ttempt to use gol modelling pprohesD we deided to tke step k nd to ssess the wys to proeedF e hd otined model rih in informtion for our ojetiveD ut informl nd with growing omplexityF he experts hd lso eome more fmilir with gol modellingF st ws time to ring the tivity nd the experts step further into the qyi pprohes nd to introdue qyi lnguge into the sessionsF fsed on the emerging types of reltionships identi(ed during the free nottion pproh nd inspired y the work of IHD we deided to use itr IV to move forwrd with the sessionsF sn this setionD we desrie the sessions with respet to their prtiipnts nd their ontentF henD we present the strting point of the sessions nd the resulting gol modelF pinlly we disuss the feedk of this next step in our pplitionF

4.1

Goal Elicitation: Modus Operandi Participants por these sessionsD only memers of the ore tem were presentF emong themD the two rhitetsD speilised in irrft design were onstntly presentF hey hd some knowledge of the industril system so they ould lso help lrify nd trnslte the mnufturing sideF sn dditionD the otined model ws disussed nd reviewed with one industril expertD speilised in the design nd orgnistion of n ssemly lineD nd the expert in the irrft mnufturer9s tivities digitlistionF pinllyD in ddition to these expertsD there ws one demi prtiipnt from the initil two present t ll the sessionsF he seond demi prtiipnt took prt in disussions on the model etween sessions nd in the review sessionsF sn omprison with the previous ttemptD this redution in the numer of prtiipnts is due to two ftorsF pirstD it ws di0ult to get ll the prtiiE pnts present t every sessionD their vilility eing limitedF eondD s we lredy hd lot of informtion to work withD we were hoping tht working in smller group of spei( experts would mke the modertion esier in the sessions without losing too muh expertiseF rving two irrft rhitets with knowledge in the mnufturing ws rre opportunity to tke dvntge ofF V Organisation pour sessions took ple t n verge rte of every two weeks during two months nd lsted t most two hours ehF wo of these sessions were dedited to modelling nd were orgnised remotelyF he two other sessions were mix of modelling nd review sessionsF hese sessions were orgnised in n 4hyrid4 mnnerX some experts were present in the roomD the others were onneted remotely due to distneF Sessions content fefore strting the ttemptD the free nottion digrm otined in the previous setion ws trnslted in itr y the demi prtiipntsF huring the (rst sessionD the lnguge ws introduedF ynly the onepts tully used for the trnsltion were presented nd illustrted to the experts diretly on the modelF ht inludes torsD golsD soft golsD tsksD resouresD re(nement linksD ontriE ution links nd dependeny linksF efter this introdutionD review ws done on the modelX gols were reworded or removed if judged too fr from our oE jetiveD tsks were reted nd dependenies were lri(edF huring the seond sessionD the gols nd tsks were re(ned in order to otin more detiled view of the irrft nose design nd the mnufturing design dominF sn the lst sessionsD the model ws reviewed nd mendedF Goal elicitation support huring ll the sessionsD only the demi prtiipnts hd the hnds on the model while the experts hd visul ess to the work in progress nd were le to guide the modi(tionsF e did not hve ess to n online nd ollE ortive tool to model with itrX it ws done lolly on one demi prtiipnt lptop nd the sreen ws shred in live with the expertsF fetween sessionsD the demi prtiipnts were disussing the models nd were prepring questions or modi(tions to suggest to the experts t the eginning of the next sessionF he experts lso hd ess to visul opy of the model t the end of eh session nd ould review it if neessry ut ould not modify itF 4.2 Goal Model sn order to struture the free nottion digrmD we trnslted it into itr nd introdued it to the ore temF e hose itr euse the dependeny reltionE ship is one of its ore elementsF sn ftD s highlighted in IHD identifying nd hrterising dependeny reltionshipsD nd more spei(lly the dependenies etween design nd produtionD is key point in wht we ll oEdesignF woreE overD itr is extensile nd ould therefore e dpted to meet our needsF por the onepts expressed in the free nottion digrm @pigure PAD the gols were (rst trnslted to golsD soft gols or tsks depending on how the demis understood themF wost of the four types of reltionships whih emerged durE ing the free nottion pproh were trnslted in their ounterprt in itrF e W dependence reltionship etween domins ws trnslted s itr dependeny link etween the di'erent torsF e contribution reltionship ws trnslted into itr ontriution linkF he decomposition reltionship ws trnslted into itr re(nement linkF he itr trnsltion of the trade reltionship ws more omplitedF sn the free nottion digrmD the trade reltionship ould e present in two sesX (rst to pinpoint the need for negotition etween two solutions to hieve golY seondD to identify the need for negotition out how two gols ould e hievedD the wy to reh one gol hving n impt on the stisftion of the other one nd vieEversF he itr trnsltion ws relised ording to eh seF sn the (rst seD gols expressing solutions to the sme ojetive were usully omined together nd trnslted into one itr tsk expressed t higher strt levelD where the solution is yet to deideF sn this seD the need for negotition etween those solutions is enompssed in the tsk nd the trade reltionship is not represented nymoreF sn the seond seD the two gols involved in the trade reltionship were trnslted s soft gols or tsks in the itr modelF he trade reltionship etween them ws trnslted in terms of heterogeneous impts on dditionl soft golsD using itr ontriution linksF hese dditionl soft gols represent the resons for negotitionF trting from this trnsltion of the free nottion digrm into itr modelD the ollortive working sessions were used to iterte over the model nd onE solidte itF por intelletul property issuesD we nnot shre the resulting diE grm ut only desrie its min fetures nd give visul preview of its form in pigure QF Diculties encountered e lso fed di0ulties in this seond stge of qyi pprohes pplitionF pirstD even if we introdued golEoriented lnguge whih helped moderte the disussionsD it ws still di0ult for the experts to in terms of golsF he modelling still needed lot of supervision to ensure we did not diverge from the initil ojetiveF eondD despite the ft tht the introdution of the itr lnguge rought some lrity in the modellingD the growing omplexity of the model ws still n issueF he gol model we otined fter the four sessions ws smller thn the freeEnottion model nd more foused on our prolemtiD ut ws still inomplete in regrds to wht is done in relity in terms of irrft design nd mnufturing designF he model highlighted tht there ws lot of intertions etween the irrft nose nd the industril systemF roweverD we ouldn9t mnge to tke ll these dependenies into ount in the modelF yn the other sideD if we wnted to fous on spei( prt of the modelD the ssoited gols were not re(ned enoughF oD we fed doule prolemF yn the one hndD we hd too mny dependenies etween the irrft nose nd the industril system to e le to understnd them ognitivelyF yn the other hndD we did not re(ne the gols enough to e le to understnd how to optimise the overll systemF hereforeD in order to go deeper into the tehnil detilsD we deided to redue our system of interestF II 5

Third Application: Narrower System of Interest sn order to redue the omplexity of the otined models we deided to fous on smller system for this third ttemptF sn this wy we hope to otin more usle modelF pousing on smller system ould help to redue the numer of elements while otining more omplete model of the system studiedF husD insted to study the whole industril system s we did in the previous ttemptsD we hose to restrit our system of interest to the irrft nose nd its assembly lineF en ssemly line is set of sttionsD i.e. work spesD equipped with mhines nd where opertions to ssemly n irrft re doneF sn dditionD ompred to the glol system studied oveD we do not onsider here the gols ssoited with irrft nose designsF e only fous on understnding the key elements of ssemly line performneD nd this for given irrft nose designF

Goal Elicitation: Modus Operandi

Participants sn this pplitionD we worked with n intermedite size tem ompred to the previous pprohesF he tem ws omposed of three irrft nd industril system expertsF hey were ll prt of the previous experts tem nd so hd prior experiene with gol modellingF hey hd ess to the model of setions Q nd RF e did not mke seletion of these expertsX those who were ville meF yn the demi sideD there were four reserhersF wo of them prtiipted in the previous gol eliittionF Organisation e orgnised eight working sessions over two monthsF he (rst session lsted two hoursF por the other sessionsD there ws muh more )exiilityF hepending on wht needed to e disussedD they lsted etween IS minutes nd P hoursF ell sessions were done remotelyD exept the lstF Sessions content he (rst session ws dedited to the prolem presenttion y the expertsF hey desried the torsD the ojetivesD wht they do nd the dependenies in their own wordsF he purpose ws to explin to reserhers the min lines of the system to model nd the di'erenes with the overll system of interest studied previouslyF fsed on this understndingD (rst itr model ws retedF henD the other sessions were dedited to the onsolidtion of this modelF fetween two onseutive sessionsD reserhers updted the itr model with their understnding of the prolem nd prepred some questions on issues tht needed to e lri(edF yn their sideD experts worked on nswers nd ompleted the model ordinglyF uestions were sent y emilD ut nswers were given IP nd disussed olletively in the sessionF here ws no emil exhngeF xote tht for the experts there were no itr lnguge onstrintsF oD they deided to use olour nd lelled links in order to hrterise the impt of tsks on gol stisftionF sn this modelD tors on the industril system side reX Assembly line De-signersD Assembly line OperatorsD Industrial Analyst nd Industrial Decision-makersF he funtion of these tors is to prtiipte in the design of the industril systemF es they shre severl ommon golsD we dd highElevel torD nmely Industrial DesignersD tht ontins these ommon golsF ell inE dustril system tors re part of Industrial Designers torF hereforeD they not only hve their own gols to stisfy ut lso the Industrial Designers golsF yn the irrft design sideD we onsider unique torD Aircraft DesignersD tht IQ designs irrftF pinllyD the Management Department tor de(nes trgets for driving eonomi nd strtegi ompny poliiesF etors prt of Industrial Designers shre four soft golsD i.e. ojetives for whih there is no ler de(nition of when they re hievedF he soft gol Minimise footprint expresses the wish to minimise the )oor spe required y the ssemly lineF gontriuting to its stisftion lso hs positive impt on the stisftion of the soft gol Minimise investment costF he ltter represents the ost implied y the ssemly line onstrutionF he soft gol Minimise cash ow ddresses (nnil spets due to the ft tht the ompny must uy elements to uild the irrft @e.g. mterils or motorsA efore delivering the irrft to the irlineF hereforeD the soft gol Minimise lead timeD i.e. the totl time needed to uild whole irrftD ontriutes to the sh )ow optimistionF he tivities re losely linked through the dependency reltionshipF por exmpleD the tor Industrial Decision-makers hs the tsk Choose Jig and tools whih hs dependene with the tsk Do nose design through the dependum reE soure Assembly principlesF his mensD in order to hoose jig nd toolsD i.e. wht type of mhines n e used y the opertors of the ssemly lineD Industrial Decision-makers need to hve Assembly principlesD i.e. how the di'erent prts of the irrft re joinedF he resoure Assembly principles is provided y the ful(lment of the tsk Do nose designF sn order to hieve the tsk Design a nose assembly lineD tor Assembly line Designers needs Integrity constraints tht desrie the sets of irrft prts tht hve to e ssemled in the sme sttionF his element is provided y the tsk Do nose designF he tor Assembly line Designers lso needs to know the numer of irrft uilt per monthF st is given y the tor Management Department through the resoure Assembly line rateF etors in the industril system lso hve dependenies on eh otherF por instneD tsk Dene stations of the Assembly line Operators depends on jig and tools compatibility given y tsk Choose Jig and tools of the Industrial Decision-makersF

Discussion

Positive aspects pollowing this workD we hve disussed our results with expertsF he otined model ws well reeivedF pirstD s the prolem ws nrrowerD it ws lerly esier to sty foused on it nd eliit gols nd dependeniesF woreoverD s the experts were lredy fmilir with qyi pprohesD the eliittion ws muh fster nd there ws less onfusion etween gols nd ompny proessesF pinllyD in omprison with the (rst modelsD the one we otined here ws t the good strtion level for going deeper into tehnil detilsF sn dditionD we were le to strt disussion out the retion of n utomti toolF sndeedD following ID it would e possile to prtilly utomte some of the sutsks of the tsk Design a nose assembly lineF sn nother pplition ontextD similr works hve een performed for guiding softwre developmentF por instne IR in IT itr is used to study the hospitl orgnistion in order to eliitte pltform supporting ptient hospitl stys funtionlitiesF hnks to the modelD experts were le to identify whih tsks ould e utomted nd whih ojetives @soft golsA should e hieved y the toolF Diculties encountered iven if the itr frmework helped us to struture the reltionship etween tors nd elementsD we fed some issues tht resulted in model tht is more omplex thn it shouldF por instneD it is not possile in itr to hve dependenies etween two tsks of the sme torF e needed dependenies to vlue the importne of some resoures suh s PERT or ZonesF hese resoures re mde ville y the dependee tsk @trget of the rrowA nd needed y the depender tsk @soure of the rrowAF hereforeD to e le to represent these dependenies in itrD we hd to split the industril system tor into severl ones tht re ll linked to prent tor in order to mintin the soft gol shringF enother exmple of di0ulties is the ft tht tsk of given tor n only ontriute to gols elonging to this torF o we hd to duplite soft gols severl timesF 6 Conclusion e presented pplitions of qyi pprohes in the ontext of oEdesigning n irrft nose setion nd its industril systemF yur min ojetive ws to understnd their respetive key gols nd dependenies etween themF sn this industril ontextD we ttempted to pply gol modelling in three di'erent wysF sn the (rst ttemptD we otined mixed resultsF ixperts hdn9t ny experiene in qyi nd hd only few notions in gol modellingF hey ould freely use n online ollortive grphi tool to model the gols of the whole system of interestF fut while qyi llowed experts to hve glol piture nd struE ture the eliittionD the resulting gol model ws hrd to exploit euse of the size of the model nd the tendeny of experts to think in terms of tions rther thn golsF sn the seond ttemptD we introdue itr syntx to smller group of expertsF st needed signi(nt modertion y the demi prtiiE pnt to otin proper itr modelF fut thnks to itr syntxD this ttempt llowed struturing the model nd expressing gols t more pproprite level of desriptionF xevertheless the model ws still di0ult to exploitF sn the third ttemptD the experts hd quired experiene in gol eliittion so their superE vision ws reduedF hey were free to use ny nottion on their digrm while orresponding itr model ws uild y demi reserhersF his timeD prE tiipnts foused on nrrower system of interestF he pplition of qyi ws quite suessful s the otined gol model llowed us to go step further nd strt disussing the perimeter of n utomti toolF prom these three ttemptsD our feeling is tht orgnising knowledge in terms of gols is neither esy nor instintive for industril prtitionersF hey re more IS likely to strt y representing system9s gols with tions nd design solutionsF his my led to omplex model with n indequte level of desription s we hve seen during the (rst ttemptF sing spei( gol lngugeD s itrD under supervision my help them to think more in terms of gols nd improve the modellingF xevertheless the size of the system of interest my lso e n issue s our initil system of interest seemed too rod to otin n intelligile modelF sn our spei( industril ontextD fousing on smller system esed the pplition of the qyi pproh nd the model otined in the lst ttempt ws more omplete nd usleF por future worksD we would like to ddress the limittions of itr we hd to feD spei(lly when the gol model is supposed to help the design of methods nd tools for supporting deisionF sn suh spei( sesD strting from frmework like itrD it might e possile to dpt it to use eserh ypertions dedited voulry suh s criteria insted of soft goalF imilrlyD it would e possile to use di'erent rules with respet to the dependeny reltionship tht would llow little more )exiilityF 

  of the gol eliittion using itr he resulting itr model hs 5 torsF wo tors elong to the design dominX the Aircraft Architect nd the Aircraft Nose ArchitectF hree tors elong to the mnufturing dominX the Industrial System ArchitectD the Aircraft Nose Industrial System Architect nd the

  prt of part of relation pigure RX eirrft nose ssemly line design itr PFH gol model por this pplitionD we used more reent version of itrD itr PFH PF e otined the model presented in pigure RF sn this modelD there re seven torsF ih tor represents ompny tem with spei( knowledgeF xote tht tem n sometimes e omposed of dozens of personsF

  Tooling Design OceF he IH model ontins TW elementsD inluding 30 gols nd soft golsD 24 tsks nd 15 resouresF here re 96 reltionshipsX 14 of them re dependeny reltionshipsD the others re minly re(nement nd ontriutionsF emong these 14 depenE deny reltionshipsD 8 re etween the Aircraft Nose Architect nd the Aircraft Nose Industrial System Architect @essemly lineAF introdution of the itr lnguge rought some positive spetsF pirstD it llows more golEoriented modellingF here ws n improvement on the expression of gols during sessions nd the possiility to de(ne tsks mong gols gve etter )exiility in terms of modelling nd expressivityF sn dditionD hving de(ned lnguge nd rules to model helped guide disussions out gols during the sessionsF eondD the new version of the gol model rought etter understnding of irrft design nd industril system dependenies nd it ws well reeived y the expertsF he dependeny desription ws indeed lerer nd more developed thn in the free nottion digrmF
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