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Abstract

The collaboration issues on research and development (E &D0 projects are getting critical.
Shortening time-to-market (TTM) of new products is a crucial competency for high-tech

industries. Howewer, lacks of realtime communicatiors, information sharing and

post-project reviews make barries o gduce the TTM. This would lead to downcast
competitions in the globalization thiz teccarch, a Concurrent Enowledge Learning
(CELM) 1z proposed to enhance F 200 Lol lahoratiors. With the CELM, the R&D

project collaboration could be improved wia the concurrent information processing and
knowledge sharing among E&D teams. The CELM is implemented as a web-baszed system
and validated through workshops with four senior managers and a consultant from a world
clags semiconductor manufacturing company as well as another workshop with 36
professionals from Hsinchu Science Park in Taiwan. The positive feedbacks of workshops
demonstrate the effectiveness and feasihility of CEKLM to enhance R&D project

collaborations.

Keywords : Collaboration; Concurrent Engineering; Enowledge Management.
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Chapter 1: Introduction

1.1 Background and Motive

Shorten the time-to-market (TTM) 1g the central of managing R&D projects. While R&D
projects generate artifacts in warions forms of knowledge, there should be an efficient
knowledge management mechanism so that R&D projects could be executed efficiently and
the TTM could be improved. Thiz knowledge management mechanism should be
encouraged by integrating with project management. Through a knowledge leaming process,
organizations can keep continuous improving i the efficiency of E&D projects and
shortening TTM (Awas, 1996). However, most organizations lack post-project review
processes. And projects are clo JTEN (0 L= 12 the causes of their failures and
successes (von Zedtwitz, 2002), THi: can<hzooniinoe the organization leaming processes
and restrain the improving of R&T cilcicicyThe lack of post-project reviews results in

leaming discontinuity, knowledeze dis rationrEnd” 3 barriers to shorten the TT .

Besides, problems in E&D project collaborations are identified in literatures and interviews.
The major cause of inefficient New Froduct Development (MFD) process is the complex

and dwnamic nature of dewveloping information. This could result in inconsistency in

developing rhythm, developing decizions and difficulty of poet-project reviews.,

Concurrent Engineering (CE) is one of the remedy to shorten TTM. CE was introduced in
the late of 19802 to improve efficiency of collaborating with teams, which highlighted the
synchronism of relevant sequential activities of NPD (Winner, et al., 1968). Also, CE was
dizcussed to be consolidated with process modeling and analyzing. Frocess modeling and

analvzing made NPD processes eazily to be analvzed, and svnchronized with CE (Hagque &



Fawar, 20010 With such a concurrent development process, the TTM of E&D projects

conuld be improved with the enhancement of collaboraticn and concurrent capability

In addition, Rayport & Svickla (1995) proposed a conceptual process of adding value into
information, which iz named Virtual Value Chain (¥VC). The VVC showed the potential
value of extracting knowledge from data and information. Besides, Biichel & Raub (2002)
proposed four steps to build knowledge -creating walue network. However, there 15 a lack of
knowledze feedback within these steps. Both above wvalue-adding process would be more
practical and waluable with a phvsical application. Further, inteerating them with CE to
perform a concurrent knowledge creating and sharing framework could be a solution to

enhance the E&D project collaboration wia the potential of swynchronized knowledse

extracting and recalling.

1.2 Expected Contribution

This research attempts to propose « Con L Enowledge Learning Model (CELM). The
model integrates the value-adding concept and knowledge creating processes of VVC and
knowledge -creating value network wia the basic concept of CE. And further, this research
attempts to imbibe the feedback concept of the post-project review to complete the
knowkdee creating and reusing spiral. Through the walue-adding process presented in
CELM, developing data and developing information could be integrated while developing

experiences and knowledese could be manazed concurrently. Following contributions are

expected:

1. emploving the concurrent concept of CE to perform the concurrent knowledge
extracting and recalling in B &D project collaborations:;

2. defining a phvsical application process for the abstract concept of VVC and



knowledge creating value network;

3, providing a better development information intesration quality and effectiveness:

4. providing a concurrent artifacts and knowledge feedback mechanism to perform
real-time knowledse refinine and utilizing in BE&D project collaborations:

5. consisting developing decisions and information to reduce time and cost wasting

during MNP D processes.

1.3 Research Framework

Figure 1-1 shows the framework of this research. Problems of the Ré&D project
collaboration are identified with literature reviews and interviews with managers of case
company. The framework, CKLM, iz designed to provide a concurrent knowledge learning
mechanism to enhance the E&D i eollahion . CELM iz then walidated through its
svatem development and two kinds of workshops, o small scaled workshop with senior
managers from case company anc 4 rpe sampl e workshop for statistical testing. Finally,

implication and discussion are sivern.

Mext chapter reviews recent literatures in E&D project collaboratiomrs. The Concurrent
Enowledzge Learning Model iz proposed and described in chapter three. Chapter four
describes a validation process for CELM wvia holding workshops with a case company, the
Taiwan Semiconductor Manufacturing Company (TSMC), Implications are dizcussed in

chapter five. Finally, the conclusicn and future woks are siven in chapter siz.
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Chapter 2: Literature Review

E&D projects alwavs have more complexity, difficulties and dynamics (Falla, 19953, All of
them make a higher risk to B&D projects. Nowadavs, many companies try to utilize
collaboration in E&D projects to share information and create synergv. This iz an extended

application of concurrent engineering, by the definition for collaboration engineering

proposed by de Graaf (1996) which is as follows:

"Collaborative engineering & a systematic approach Io control life-cyele cost, product
guality and time fo markel during product development, by concurrently development
products and their related process with response to cuslomer expeciations, where decision
malking ensures mput and evaluation by all lifg-cycle disciplines, including suppliers, and

infhrmation technalogy is applied 10 suroorl o oviaaiion exchange where nacessary. ”

However, collaboration itself raises come anics. Helevance literatures are reviewed in this
chapter, Section 2.1 summarizes clatiEne: 1 barriers to improve new product
development (NPD) process. Section 2.2 summarizes the advantage of being collaborating
in E&D projects. Section 2.3 summarizes approaches to implement concurrent engineering

(CE) in NED process in recent researches. Section 2.4, at last, summarizes the challenges

and barriers to implement CE in NFD process,

2.1 The Barrviers to Improve New Product Development Process

After literature review, the barriers to improve NFD process are summarized into two
categories: the barriers from business process concurrence and the barriers from the

knowledge sharing concurrence.

In one hand, the business process concurrence izsues, Han, et al. (2000) suggested that in a

S5



large scaled project, there exist more complexities and conflicts among engineers., Those
complexities and conflicts make 1t difficult to manage the design processes during the whole
life-cycle of new product. Decision revision and decision tracing are two kevs to manage
MED proceszes for their complexity and dynamic characteristic. In addition, development
rezult would not be optimized without the consideration of previous version of design. This
iz because some certain development conditions would change with the dynamic
environment. Further, a negotiation platform with communication flezihility and reasoning
ability 1z needed to support development process in decision making and information

exchanging, especially with a laree-scaled E&D project.

Another barrier 12 to avoid or reduce the delay of engineering-changes in order to perform a
better efficiency in NPD process Engineerino.change processes ocour when existing
product are being modified in a contoollabiescocndinated and methodical way. Avoiding or
reducing the delay of engineering-chanse pioces oo con consequently reduce delays in NPD
processes (Saeed, et al., 1993). And<hy iowonld contribute to the engineering time

saving for companies, and lead to higher cuality, lower cost, and shorter ime-to-market,

Generally speaking, NPD processes are results of kinds of functional activities which need
to be well integrated. Howewer, in traditional wavw, those NFD processes are sequentially
operated which leads to problems about time-to-market and design quality (Hagque, et al.,
20013, This is because not only the delay and lead time between functional departments
those related to NPD processes which results from job overlapping, but also the flexibility
and efficiency of communication among them. Hacgque et al. (20010 suggested that in crder
to improve the quality and efficiency of NPD process, there should he effective teams and
enough understanding of NPD related process. Bewond these, process modeling and

analysis would play a key role, to 1improve the understanding of processes as well as



contribute toward effective teams. With process understanding and effective teams, the
collaboration among NPD related function departments could be improved, and there would

ke a better intepraticn of functions and overlapping activities in a NED life-cvcle.

Task overlapping iz another problem to reduce the time wasting in NFD process. To reduce
lead time between MPD processes 18 an important issue to improve the effectiveness of

E&D projects. Basically, there are at least thiee possible wavs to achieve that (Eolstadas,

1995):

® Lasing NFD activity overlapping
®  Splitting NFD activities

® Minimizing transter ime between MFD activities

In this paper, CKLM performs a froe woik which could be utilized to minimize the transfer
time between NPD activities, and the TP Doactiviiy overlapping problem could be eased via

the knowledge recalling stage in CK

In addition, NFD processes are facing challenges not only from internal business processes,
but also external customers and competing firms. It was sugpgested that the dynamics of
competition and resource took an important place in the use of a certain mechanizm to

incorporate marketing information within NPD collaboration (FPerks, 20000,

On the other hand, the knowledge sharing concurrence issues, it was sugeested that the
project managers require a learning capacity to enhance knowledege creating in order to
enable long term improving. This capacity allows project managers to learn from experience
of previous projects. And it could contribute to the improvement of efficiency and

effectiveness of projects, and keeping continuous improving with future projects (Avas,

1996,



since an R&D project involves kinds of different functional department, there should be
valuable novel ideas and lessons could be learned in NPD processes. However, the
dizcontinue nature of projects makes barriers to reach knowledge retention and reusahility.
For example, fragments occurring in the difference of project targets, resources, team
members, and their skills and personnel could be great challenges for crganization to gain

and share knowledge on inter-project learning (Bresnen, et al., 20030,

&3 the definition of Leonard & Sensiper (1998), the process of mnovation is a vhythm of
search and selection, exploration and synthesis, cyeles of dvergent thinking followed by
converge, NFD process iz consist of tacit knowledge, explicit knowledge and business
process. While NPD process iz based on a cvcle of divergence and convergence thinking,
the tacit knowledge should be well managed. Howewer, there are challenges to knowledge

sharing which arise from the will 1o share ahe eaua Uity in status and the distance (Lecnard

&z Sensiper, 19980,

In addition, Malone (2002) sugge AAvEret | azing work force ™ makes it difficult
for an organization to catch its core working knowledge, Secondly, the rapid changing in
new technology carries out too much information flow that human decision-maker could
hardly catch up with it. Both of them make challenges of knowledge sharing concurrence to

improve NPD process in B &D project collaboration.

Von Zedtwitz (2002) suggested that through the implement of Post-project review ",
ofganization can extract tacit knowledge from project operations. That knowledge can help
project managers to avoid previous mistakes. As the definitionof won Zedtwitz (2002), the
post-project review is  the final Hrmal review in the course of g project that examines any
lessons that may be learned and used to the benefit of fiture project, " the implementation of

post-project review can improve learming from E&D projects to next. The leamning
SE-



behaviors in an organization could be distinguished in thiee levels: the individual leaming,
the team learning and the crganization learning. And post-project reviews should focus on
the link hetween team learning and organization leaming (Von Zedtwitz, 2002). However, in
current situation, most learning 1 happened in individual leaming lewel. This could lead to
the missing of potential benefit of team learning and organization learning, even though the

individual learning 18 aleo impertant.

Von Zedtwitz (2002 identified that it iz difficult to make post-project reviews into practice
because of pevcholosical, managernial, epistemological and team-based barners which make
it difficult to learn from post-project reviews, Further, following findings were explored in

surveys (Von Cedtwitz, 2002):

1. Most company (556%) ha ot eetabis; formal puidelines for conducting
post-project review,
2. Currently, most know-how |samins 15 thiovsh informal individual (52.4%) and

documents (39.7%).

These findings indicated that under current situation, post-project reviews hawve not been

practiced matwely.

Table 2-1 summarizes the barriers to improve NFD process. These barriers should be

overcome of the E&D project collaboration could hardly be improved.



Table 2-1: Suvmroary of barders to lmprove NPD process
Category EKeszearch SugFeztions

Business Process Concurience

Hamn, et al, {2000 In large scale projects, there exist more compleXity and
contlicts among engineers which needs 10 be overcome,

Haque, et al. {2001) MED process 13 a result of kinds of functional activities
which need a well integration.
The traditional way of NFD process 1ssequential and leads

to problerns abont Hme to market and guality,

Ferks (2000 successiul NPD needs to cooperate with focus of customer
and between competing firms,
Collaboration among  allies in WFD  process might
contribute significant adyantige, but 1t make: more
coraplexity to be mana ged.,

Eolstadas (1995) In order to mduce the task ovedapping, concurrent
engineering 15 a ma jor method to model and integrated the

maeed, etal, (1993 S 13 to aveold or reduce the delay of
Lolncoine changes In order to perform a better efficiency
= uﬂ;‘!‘._- s ) =
Enowledge Sharing Concurrence - pray : E )
Ayas (1996) Prodaat snanasors mquire a learning capacity to enhance

Bresnen, etal, {2003 Che dizcontunuons natue of projects makes barnerss to
reach knowledze retention and musahbility,

Lecnard & Sensiper (1998) While the process of MFD 15 based on a cyvele of divergence
and convergence thinking, the tacit knowledze should be
well managed,

Challenges to knowledge sharnz arlse from the will to
sharme, the ineqguality in status and diztance.

Malone (2002 An Aging work force ™ makes it difficult fororzaniza tion to
catch 1ts com working knowled ze
yon Aedtwits (2002 Fsychological, oA na ge olal, eplatemological and

team-based bardes which making it d ifficult o learn from
pOSt-project myiews

2.2 The Benefits of Collaborating in R&D Projects

Since the central of E&D project management is to shorten TTM, how to reduce time
wasting and activity overlapping become g critical to improve NED process performance in

- 10-



E&D projects. Az section 2.1 shows, MPD process iz a result of collaboration among
different function departments which related to NPD, the collaboration guality and

effectiveness hence mfluences the quality and effectiveness of NED process.

Eecent literatures show that well collaborating generally has positive effects on BE&D
projects. After the literature review summarized in table 2-Z, benefits of collaborating in
E&D projects are summarnzed into three categories: the NDF performance improvement,
the enhancement of cross-function integration and the enhancement of the connection

hetween companies and their customers.

Firstly, Contero, et al. (2002) suggested that the collaboration is an extension of current
engineering to control life-cycle cost, product quality, and TTM of Ré&D projects. As an
extension of concurrent engineer: allaboraiiy neering involves the concurrency of
marketing, design, manufacturing ~cualiiv, eales, surplies, and clients into an  éxtended

enterprize workeroup . And which 1= b amratio o

1. The concurrent engineering methodologies: including the Quality Function Deplovment
(QFD) and Failure Mode and Effects &nalysiz (FME &), QFD is a svstematic approach
to transform customer requirements into technical needed. FMEA iz an analysis
procedure to find out the potential failure and effects of processes by their failure
severities, failure ocourrences and failure detections.

2. The information technology tools: including computer aided design (CAD), computer
aided manufacturing (CAM), product data management (FDM) svatems and advanced

communication technologies such as videoconferencing and related applications.

Above collaborative engineering modek could contribute to E&D projects for the quality

and effectiveness,

e



In addition, Gomes, et al. (2003) identified that the more degree of product innovation is the
more significant benefit of collaboration will be, Jassawalla & Sashittal (1998) suggested
that the collaboration makes synergy that performs a greater outcome than the summary of
individual participants in NPD processes. Kahn & McDonough IIT (19973 identified that
there 15 a direct link among collaboration, NFD performance and satisfaction. Kock &
Davizon (2003) suggested that proper communication media has a positive effect on
knowledge sharing to support process improvement. Eoufteros et al (2002) identified that
concurrent engineering has a significant positive impact on innovation quality, which has a
signification influence to premium price and profitability. Wasti & Liker (1999) identified
that sharing design work and collaborating with suppliers is critical to improve product

quality and reduce cost.

All these researches are direct or ndllUcct ewiicnce: which prove the implementation of
collaboration into R&D project hes o stendican’ = et on reducing TTM and cost in MPD
processes. This implies that the B 2T allzboration could consequently lead to the
improvement of E&D projects with the shortening of TTM and the saving of cost which can

further makes greater synerey.

secondly, collaboration or concurrent engineernng could also enhance the cross-function
integration. Contero et al. (2002) suggested that collaboration engineering could provide an
overall support that lets NPD teams petform more effective and early detection of
bottleneck among design phase and manufacturing phase. Hamei & MNihtild (1997
identified that when project involves a large number of teams from different locations,
collaboration tools provide an important media for NPD information sharing. Thus, the
communication of geographic fragmentation could be enhanced with those collaboration

tools, Jassawalla & Sashittal (1998) sugeested that structured cross-function team

.



collaboration can provide considerable improvement in NPD-related inter-functional
integration. This could lead to the realization of svnergy and improve the effectiveness of
NFPD processes. Kock & Davison (20030 suggested that proper collaborative technologies
can enhance the information and knowledse integration among teams, and support
knowledge sharing among teams. Perks (2000) even suggested that inter-firm collaboration
for NPD could reduce internal investment and share resource with partners. Thizs implies
that the collaboration can happen not only within an organization, but also between
organizations. As mentioned by Jassawalla & Sashittal (1993), this svnergy could contribute

more than the summarized E &D power of each crganization.

Ahove researches show that through the implementation of collaboration or concurrent

eniginesring in BEé&D projects, the cross-function intesration could be enhanced.

Thirdlyw, collaboration or concurrent ensineering conld also enhance the connection between
companies and their customers. o n @ cwe Deoough [T (1997 identified that the
collaboration can facilitate E&D Aok marketing, Thus, a higher degree of

quality and customer requirements could be achieved. This could lead to a higher customer
satisfaction. Lund A Tachirgi (1991) suggested that the human factors, marketing,
engineering and development should collaborate in order to balance the market requirement
and developing cost. This s important because without the balance between market
requirement and developing cost, the supply and the demand could hardly be balanced.
Eabino (2001) alzo identified that the collaboration between marketing and accounting can
contribute to the controlling of NPD deweloping expense. Throush the controlling of
developing ezpense, the balance between market requirement and developing cost could be
ensured and the quality and effectiveness of REé&D project could be enhanced. Van

Luzemburg et al. (2002) sugpested that communication information technology between
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R&D and customers has a positive effect on the design process. In a dynamic market, the
customer requirements could change anvtime. Through the supporting of communication
information technology, customer requirements could be organized and sent to E&D teams
ag soon as possible. This could lead to an agile response to desiegn changes and could reduce

unhecessary wasting because of the earlv detection of requirement changes.

To sum up, E&D project collaboration could consequently improve MNED process
performance in both quality and efficiency. Through the effective integration within and
without company, function departments related to an NPD process could share development
information, and the balance between customer requirement and developing cost could be

ensures. Table 2-2 summarizes the benefits of collaborating in BE&D projects.
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of benefits of collabomting in R&D

Category Research Sugrestons

Enhancements of NFD pedormance

Contero, et al, (2002 Collabomtive engineering 15 an extension of the concurrent
engineedng o conteol life-cycle cost, product quality, and
time to market,

CGromes, etal, (2003) The benefit of collabomtion 15 shown more significantly with
more degree of product Innovation,

Jassawalla & Sashittal (1998 Collaboration makessynerg ¥ that perfomns a greater ontcome
than the swmmary of individual pagicipants in NPD

DIOCESSES,
Eahn & McDonough III {1959 There 13 a dixect link between collaborations: and MNPD
pedomnances.
Eock & Davizon (2003) Froper commmnlcation medla has a positive effect on

knowledge sharing to support process Improvement,

Eoufteros, et al (2002 Concurrent Englneering has a slgnificant positive lmpact on
innovation quality, which has a significant influence to
preminm price and profitbility,

Wastl & Liker (1990 wharlng design work and collaborating with supplies 13
critical to lmprove product guality and reduce cost,

|||||||||||||||||||| [ o —

Comtero, et al, (2002 collabeoatve  engineerng  Integrates  relevant  function

et i to oA virnal workeronp.

Hamen & Nihtls (1999 &hen poooges involve large numbers of teams from different

Yoo, oollaboration tools provide important media for
PP m sharing,
Jassawalla & Sashittal (199%) Structured cross-function team collaboration can provide

conslderable lmprovements In WFD -related inter-functional

Integratlon,

Eock & Davizon (2003) Froper collaborative technologles can support knowledze
sharing,

Ferks (20000) Inedim  collaboration for NFD could mduce internal

Investments and share msonces with pardnes.

Enhancements of connections between companies and customers

Eahn & McDonough TII (195 The collabomtion provides facilities between R&D and
mark&tin_g.

Lund & Tschirgl (19910 The human factors, marketing, engineerdng and development
should be collaborated In order to halance the market
£ quirments and developing cost,

Eabing (2001) The collaboration between marketing and accounting can
contribute to the controlling of NFD cost and enhance the
developroent projects.

Van Luxemabuore, etal, (2002) Communleation technologies between B&D and customers
have a positive effect on the design process,
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3 Approachesto Implem ent C ollaboration in R&D Projects

section 2.1 shows that there are fragments of process and knowledge sharing while
conducting R & D projects. Concurrent Engineering (CE) could be a svstematic methodology
to defrag those fragments. & definition for CE has been introduced in section 2.1. The
benefits of emploving CE into Ré&D projects management are reviewed in section 2.2, This

section summarizes the approaches to implement CE in recent literatures. The detailed

concept of CE 18 described in chapter 2.

Az being identified by de Graaf (1996), the collaborative engineering iz an extension of
concurrent enginesring, and by the summary of Contero, et al. (2002), the collaborative
enginesring iz based on both information technologies and concurrent engineering
methodologies, Thus, after the lite e TETeT ) | 3 study, the approaches to implement

collaboration are categorized into tecincal apbroaches and managerial approaches.

Firstly, information technolosies e el lized in supporting MNFD  process
improvement in various forms. The object-oriented method 1z a well-accepted method to
perform knowledge modeling and process modeling, Chen (1997) adopted object-criented
methodologies and knowledge engineering to support NFD process improvement, and
prezented a svstematic approach to develop a concurrent environment. Enowledge about
product design was integrated as an object-orented infrastructure in order to provide
support during MFPD process. Further, a way to capture process characteristics was provided.
Christiansen & WVesterager (1999) proposed an object-oriented product model to support the

rensing of product confisurations while concwrent ensineering emphasizing the product

evolution more than product revolution

In addition, knowledge -bazed swstems were adopted in recent researches, Fohn, et al. (1994

- 16 -



suggested a constraint-system to support the knowledge integration and reasoning in
concurrent engineenng implementation. The constraint-system was more like a shell and
could provide a rich knowledge base. Lee, et al. (1997) established a knowledge-bazed
ayatermn to support the integration and concurrent environment between desiening and
manutacturing. Wesley, et al. (1998 adopted forward-chaining knowledge -bazed svstem to
help concwrrent design. These knowledze-based swstem approaches had a common
advantage, which is the capahility to utilize knowledge from their knowledge-bases. This
advantage makes it possible for organization recall knowledge from experience and

previous E&D projects. Thus, the post-project reviews (Von Zedtwitz, 20020 could be

practiced.

Further, there are still other technical armroaches to implement the collaboration or

concurrent engineering, Tang, et -0 U0 anont: Standard for Exchange of Product
Model Data” (STEF) to petform & comeurient troduct data and information management,
which could support concurrent prodnet pavacement (PDMY, Thiz could lead to the

reducing of time wasting while the E&D project teams should refer a previous design of
product, Yan e Wu (2001) adopted the genetic algorithm as a heuristic approach to optimize
the scheduling of concurrent activities. Through the optimized scheduling, the overlapping

of NFD activities could be reduced toa minimum. Thus the TTM of BE&D projects could be

shortened.

secondly, managerial approaches of collaboration or concurrent engineering were adopted
in the manazement lewvel of ocreanizations. Haque & Fawar (Z2001) suggested that by
understanding, modeling and analyzing business process to improve the effectiveness of
E&D teams, and further to lead to a better integration of function departments and

concurrent NFD engineering. Hagque & Pawar (2001) also sugeested that during conducting

]



concurrent MPD, there were organizational and management demands of changes in
empowerments, changes in resource managements, changes in rewards and penalties and

changes in communications.

In addition, Chen, & Lin (2003) quantified task relationships and dividing laree task team
into manageable subgroup in order to help organization for concurrent engineering project.
Duffy & Salvendy (20000 focused on the human resource planning to conduct the
concurrent engineering in manufacturing industries and the risk management in service

industries. Khalfan, et al. (2001} suggested a readiness assessment model” for constructing

the concurrent engineering practice in supply chain intesration.

To sum up, while the collaborative engineering iz based on concurrent engineering
management concepts and the sug aofinfoin 1 technologies (Contero, et al. 2002),
both approaches need to be emploved ai the same tine in order to achieve the potential of
collaborative engineering. In Concucent Haowledie Learning Model, some information
technologies are emploved to sup) ol Ji k4l trrent engineering methodologies: the
JFD and the FME A, Via the integration of technical approaches and managerialapproaches,

the conduction of E&D projects collaboration could be practiced. Table 2-3 summarized the

approaches to implement the collaboration o concwrrent engineering in E & D projects.
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Takle 2-3: Sumroaey of approaches to implement E&D project collaboration

Category Research Approaches

Technical approaches

Chen (1997 Adopting  ohiect-odented  methodologies  and
knowledze engineerng to support MPD process
o proveTnent

Christiansen & Vestemger (1999 Froposing an object-orlented product model to

snpport the muse of product configurmtions while
conenrrent engineering emphasizing the product
evolutlon mom than produoct revolutlon

Fohn, etal, (1994) Jzlng 4  constralnt-system 1o support  the
knowledge integration and masoninz in the
cument engineéering lmplementation

Lee, et al. (1997) Establishing a knowledge-based system to support
the integratlon and concoment environment

hetween desizning and manufactonng

Tang, etal. (2001) Adopting  Standard for Exchange of Product
Data™ (STEF) to pedorm a concurent

o oieduct data and information management
Wesley, et al, (199 Uiing torward-chalning knowledze-based system

“lp zoncurrent designing

- B e— -

“an & W (2001) Llsine the genetic algorithm as 2  hewrstic
dnT h o optimize the scheduling of concurrent

ACWITNES

Manageral approaches

Chen, & Lin (2003) Quantifying task relationships and dividing larze
task teams Into manazeable suheroups to support

organlzatlons In concument englneenng projects

Diofty & Salvendy (2000) Focvslng on the hwman msovrce planning to
conduct  the  concwrment  englneering In
manufactudng  industries  and  the sk
I0And gEment In service industries,

Haque & FPawar (2001) ndemtanding, modeling and analyeing business
processes to lmprove the effectiveness of R&D
teams, and further to lead to a betterintegmtion of
function departments and  concument MNFD
Engineernng

Ehalfan, et al. (2001} Conducting a  readiness assessment model” for
constructing the concument engineering prctice
1n supply chain Integration
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2.4 Barriers to Implement R&D Project Collaboration

&g mentioned in section 2.3, approaches to implement the E&D project collaboration were
categorized into technical approaches and managerial approaches. As an extension of

section 2.3, this section, after the literature review, summarizes barriers to implement R&D

project collaboration into technical barriers and managerial barriers.

Firstly, information technologies are undoubtedly an important support for the collaboration.
However, some izsues still need to be overcome. On one hand, the changing of novel
technology i3 too fast that businesses and their decizion makers can hardly catch up with
(Malone, 20023, On the other hand, Ciborra & Patriotta (1998) identified that wrong usages
of groupware could limit the teamwork, learning and innovation. Due to the wrong usage of
sroupware, the innovation and gratiom g lead to unexpected outcome, and

opportunities for organization learning aie just s by miszed. Technologies have served as

el

a kind of important supporting tocl-for hasginegs srove profit and reduce cost since the
E-commerce began in 1996 (Lar TTERRND, wever, there are lacks of standards,
workable frameworks and software systems, which lead to difficult conduction for the
information integration and concurrency. Spinardi, et al. (1996) suggested that hcks of

standards in data or information exchanging also confusing the development information

integratici.

According to above literature summary, there 12 a lack of a structured and svstematic
Development Information Integration (DII) in conduction Ré&D project collaborations.
Without a well-performed DII, developing information and knowledge could hardly be
shared and transferred. In this paper, a concurrent knowledge engine is proposed in the

Concurrent Knowledge Learning Model in order to enhance real-time DIL Thizs could

cvercome the barriers of information insistency during NED processes.
A0 -



secondly, as the R&D project collaboration involves a large amount of development
knowledge sharing, the willing of knowledge sharing needs to be ensured. Eiichel & Eaub
(2002) identified that fostering trusting among members and creating links among potential
members were major issues for ensuring the willing of knowledge sharing. Caravannis, et al
(000 also sugeested that tust-building, interaction capability, soctalization capability and
maintenance of learning relationships were important issues to improve the quality of
knowledge sharing in innovation process. Falla (1995 sugeested that there is difficulty of
eztablishing relationships and managing the deference among culture, communication, and

standard while dealing with multi-organizational E &D project collaboration

In addition to the trust izsue of knowledge sharing, Han, et al. (2000) suggested that the
complexity of large scaled engineering makes the R&D project more difficult to be
managed and collaborated. Especio by 10 arbarge 2culod engineering project, there would be
more conflicts among engineers than those in elmple scaled ones. Besides, Malone (2002)
suggested that an  dging work foroe " - o oanization's core knowledge losing with
retitemnent. The difficulty for crganization to filter proper knowledee into its core process

alzo confuses managers.

Further, Haque & Fawar (2001) suggested that the sequential operation and the lack of
communication and collaboration were leading to low efficiency and quality. This
traditional management style should be upgraded into a concurrent operation process in

order to reduce the task overlapping and enhance collaboration within E &D projects.

Another izsue is that the difficulty of measuring the return of investment and the inertia of
innovation (Lan & Du, 2002 Biichel & Eaub (2002). However, the most important activity
in knowledge creating is to demonstrate its tangible outcome and return (Hague & FPawar,

20013, To achieve this, Biichel & Raub (2002) suggested the manager should senzitize ™
.



their members to strategically issues, support their knowledge sharing activities and further,
leverage their results. Spinardi, et al. (1996) suggested that there 15 aneed of policy to
promote concurrent NMFD management. Howewver, difficulties in knowledge sharing and the
complexity of data made a requirement to chanee the internal management svstems of

ol ganizations.

A% a comimon congensus, managerial problems are often much more difficult to be
overcome than technical problems. Actually, there seems to be more managerial barriers
than technical barriers to implement BE&D project collaboration. &fter the literature review,

thiz section summarizes two categories of barrers to the implementation of E&D project

collaboraticn:
1. Technical barriers: there are kg ot D iment Information Integration. The
standard, consistency, accuracy ol cevelopment information needs to be integrated.

However, wrong usage of infoimation techinolosizs and lack of standardized software
framework makes barriers to enl HARFfAL f development information.

2. Managerial barriers: while collaborations between NFD team members are based on the
sharing and mutual refining of development related knowledge, the willing, trusting and
even cultural could make significant inwvolve ments to the gquality of collaboration
process. Those barriers are not easy to overcome but need to be highly supported by the
organization level strategy. Indeed, the collaboration activities are happened among

pecple, the interaction between them could decide the success of failure of the

collaboration.

Table 2-4 summarizes the barriers to implement B &D project collaborations.



Table 2-4: Svmmary of bamers to lmplement B&ED project collabomtion

Category | Kezearch

Technical Bamiers

Izzues

Clborm & Patriotta (1998)

Wrong wsages of growpware by which limiting the

teamworlk, learning and Innovation;

Lan & D, (2002

The lack of standards, workable framevworks and software
s¥stems ;

splnardl, et al. (1996)

Lacks of standards in data or information exchanging;

Manazenal Bamiers

Biichel & Raub (2002)

Fostering trusting among members ;
Creating links among potential members ;

Carayannls, et al (20000

Trostbullding, interactlon capability,  soclalization
capability and malntenance of leaming relationship;

Falla (1995)

The difficulty of establizhing relationships and managing
the deference among cultue, communication and standacd
while dealing with multl-organizational E&D project

collaboration:
Han, et al, {2000) b hEnmany of large scaled engineering;
Licontlci: amnong Engineers ;

Hague & Pawax (2001)

. —

Lan & D (2002)

- - —

Thedoquentiz] operation and the lack of communication
and colliboraton which leading to low efficlency and

e
anhE B iRty
'i.l"“i'" e

the ! g o measuring the return of investment and

Bdlio LALird ML L uul':".ratl':']l;

Malone (2002

An dging work force™
The difficulty for organization to filker proper knowledge
Into 1ts COTe processes;

splnardl, et al. (1996

& need of policy o promete CHEPD;
Difficulties in knowledze sharing;
The complexity of data making a mquire ment to change

Internal management s¥stem;

25 Summary of Literature Review

Chapter 2 reviews recent researches which relevance to E&D project allaboratiors. In

order to shorten the TTM of BE&D projects, the NP D processes should be well improved by

detecting and reducing the tazk owverlapping and cost wasting among NFD activities.

e



Barriers to achieve that is summarized in section 2.1, Section 2.2 summarizes the benefits of
emploving the collaboration or concurrent engineering into NFPD processes, which compose
the major part of a B&D project. According to literature sugeestions, conduction the B &D
project collaboration could improwe the traditional E&D project management wia the

renzing of developing knowledege, and further make a concurrent working environment to

reduce NED process overlapping.

In section 2.3, two major categories of approach to implement E&D project collaboration
are summanzed. And section 2.4 summarizes corresponding barriers to the two categories
of approach. It has been identified that, to conduct a collaborative working environment for
E&D projects, there are needs for both technical supports and managerial supports.
Howewer, there exist barriers to both sides of sunnorte. They need to be well handled =0 that

the collaboration and concurrent =p@nccnme conld be integrated into the E&D project

Mmanagement.



Chapter 3: Concurrent Knowledge Learning Model

In order to improve the E&D project collaboration, a Concurrent Knowledge Learning
Model (CELM) 12 proposed in this research. Ev which, the Dewvelopment Information
Integration (DI could be structured and managed in real-time. The focuses of CKLM are

as follows:

1. Performing a concwrent Development Information Integration (DI dunng MNED
processes,

2. Enhancing development information consistency among E& D teams;

3. Recalling previous developing knowledge during NPD processes,

4. ERefining developing knowledge dwring NFPD processes;

5. supporting decision making of detepnining HED process priorities.

The Concurrent Knowledge Learnine siodel ieoiaies two levels of organization learning
and a central concept of concurrer T A 1] : 3-1). The infrastructural lewvel, witch
iz shown in the center of CELM, contains one kernel and two shells, the Concurrent
Enowledge Engine (CKE) as the kernel, with the Virtual Value Chain (VVC) (Ravport &
Sviokla, 1995) shell and Enowledge Network (Biichel & Raub, 2002} shell. R &D project
collaboration level forms the application level which i based on the infrastructural lewvel
and shown as the skirt of the CKLM. The CEKLM represents a framework for Ré&D project
collaboration to extract and imbibe knowledge through each activity within and among
Ré&D projects. By this circulating model, artifacts of variety of knowledge are fed back and
diffused concurrently to improve the quality and help decision making of future E&D
project. Further, in the R&D project collaboration, the barriers of the business process

concurrence and the knowledge sharing concurrence could be overcome with the concurrent

5



information sharing and concurrent knowledge leaming capability of CELM. Major

components of CELM are described in following sections.
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Figume 3-1; Conceptual design of Concunent Enowledze Leaming Model

3.1 Concurrent Knowledge Engine

The baszic idea of CELM iz based on Concurrent Engineering (CE). The Institute for

Defense Analvsiz (IDA) provided the first well-known definition of CE (Winner et al.,

1956):

O F is a sypstematic approach to the mlegrated, concurrent design of products and their
related processes, meluding manufacture and supporting, This approach i[5 intended o

cause the developers, from the oulsel, to consider all elements aofthe product life cpcle faom

concept to disposal, including guality, cost, schedule, and user reguirements. ™
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The two major focuzes of CE are (Bergring & Andersin, 1994):

1. Swynchronism of different but related sequential activities

2. Early involvement of all function departments those contitbute to NED process.

The capahility of controlling the interdependencies of development activities 18 one of the
main advantages of CE (Pulli & Heikkinen, 1991). Applying assumptions and
reconciliations into the process scheduling of interdependent activities could lead the
sequential activities into concurrent ones. Figure 3-2 illustrates the interdependent activities
and the same activities to be concurrent with assumptions and reconciliations. Figure 3-2
[4], shows two common cases of interdependent activities, activity A through D, which are
difficult to be isclated. The lowercase letters represent for the results of each activities
which are depended by followin dvattes I itional wayv of sequential operation,
activity B cannot start before actdity A 8 complate, and activity C and D are in a more
complex interdependent situation. o contrast, by arolying assumptions and reconciliation
of CE, those interdependent activi AvERER chronously. Fizure 3-2 B shows that,
when activity A starts, activity B starts at the same time with the assumed result of activity
&, the @, When activity 4 is complete, itz real result @ is reconciled with b, the result of
activity E, and starts activity B”. If the assumed result & iz close to the real result & of
activity &, then activity B could process in very short time to have the final result b™. In the
worst situation, the assumed result @ iz very far from the real resulte, the activity B”
should take just as long as activity B in figure 2-2 A, Similarly, activity C and D could be
performed concurrently with their assumed result £ and 5. The same, activity " and D7
could process in very short time with good assumption ¢ and & ; the worst case is activity

C"and D" takes as long to process az interdependent situation in figure 3-2 A (Fulli &

Heikkinen, 19917,

o TR
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yitles with assumptions and moonciliations,

R =n (1991)

The central concept of CELM 12 the Concurrent KEnowledee Engine (CEE), which 12 shown

as the kernel of model in figure 2-1. CKE ig the central mechanism as svnchronized

knowledge repository and knowledge diffuser, CEE stress the parallelism of the two levels

of CELM. With the CKE, the valuable artifacts generated from activities among Eé&D

projects can be shared to each R&D team concuwrrently, rather than the traditionally

sequential wavs, In other words, ina CEE based environment, the diffusion of knowledge

within an organization iz no longer passed one by one, but concurrently radiate to every

department, every member, even every stage among different E&D projects. Thizs could be

performed by a centralized knowledze baze, which contains knowledge of B S D artifacts.

According to CE, applving assumptions and reconciliations could achieve time saving in

R



NFD process. The basic idea of CKE also focuses on the assumption and reconciliation
during NDF process. Assumptions could be made with developing knowledge recalled from
previous experience. And the reconciliation process could refine the developing knowledge.
By applving this conceptual idea, the activities in NPFD process would be performed and

managed concurrently. In addition, the developing knowledge could also be extracted and

refined concurrently.

3.2 Virtual Value Cham Shell

Virtual value chain was first introduced by Rayport and Swvickla in 1994 and described
much more specifically in 1995 (fizure 3-3). Five value-adding steps - gathering, organizing,
selecting, synthesizing, and distributing - are defined in the Wirtual value chain. The
value-adding process iz fundamse v differen m sequential physical wvalue chains.
Virtual walue chain creates walve it estactne information from physical process,
organizing the information, selectiie and svmthesiz ng valuable ones, finally distributing
them into proper destination () Ty . 1995), The CKE emphasize the
concurrent operation of the wirtual value-adding activities. W hile each activity adds walue to

E&D artifacts, the value of new exzplored knowledge iz distributed and shared concurrently

to each others.

Crather Cirganize select mynthesize Distabute

Figure 3-3: The virtual value chain, adopted from Ravport & Svickla (1995),

The gathering stage gathers knowledge from the external environment and organization
knowledge base. The knowledee iz extracted from activity of every previous E&D projects.

Ev gathernng and reusing the knowledge, the value of knowledee could be utilized by

-



on-going R&D projects. The organizing stage then organizes the information and the
knowledge extracted from organization knowledge basge to fit current E&D project. Turning
and modifying the knowledge rules are performed in this stage in order to make them more
adapted to the situation Also, knowledse 18 crganized and inteerated in this stage. In
CKE LM, the organized developing knowledge 1= applied to the cumrent E&D project and
nzed to select most important and most valuable developing process to be performed. The
developing knowledge helps E&D team making decision and technology selection and to
avold mnecessary cost, both tangible and intangible, by the supporting of selecting what

activity iz need and what 15 not.

At the synthesizing stage, original knowledee and new ezxplored knowledge are
compounded and new value iz extracted asain. Theze knowledge and value are concurrently
fed back to the CKE and diffusec fhrouch the concurrent environment to other on-going
R &D project. For example, at the svnthesiziag elaoe of project A, the R &D team might find
a better understanding of failure mode ic i echnology module and fed it back to the
CKE. And this value-adding knowledee iz extracted through the CEE by the team of project
E which ig just at the initiating stage. So the project manager of project B now can do a
better configuration of technology module priority with the help of the valuable knowledge
and experience from project 4, as  doncwrently” as possible. Thiz is the concurrent

collaboration among E &D projects.

The first three stage of wirtual value chain shell in CELM all attempt to extract new
knowledee, which adds walue to the organization. At the synthesizing stage, original
knowledge and new explored knowledge are compounded to extract new walue. The
knowledge iz then concurrently fed back to the CKE and diffused to other Ré&D project

concurrently.
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The last stage, the distribution stage, emphasizes the knowledge sharing among Ré&D
projects. Only through the knowledge distribution and sharnne, the value of the intangible

artifacts could be leveraged over projects.

From the five stages defined in wirtual value chain (Eayport & Swickla, 1995), the concept
of the wvirtual value extracting process was described. The NPD process iz surely a process
of knowledge exploration, which 1z a form of wirtual walue extracting. In this research,
therefore, the wvirtual value chain iz imbibed to be the baze of CKLM. However, there's a
need for connection between practice and concept. In next section, the knowledge -creating
value network iz introduced to be the bridge of concept of wirtual value chain and practical

E&D project collaboration.

33 KEnowledge Network Sl

Four stages for building a knowled®e -“reatifg valuz nistwork are defined by Biichel & Eaub
(0020 as figure 3-4. In CELM, one"nes ceda added in order to utilize the knowledge
created through the network and to link all others. That is to feedback the new extracted
knowledge to next project or called post-project review (Von Zedtwitz, 20020 While
knowledge diffuses to other R&D projects concurrently, the organization is learning from
previous E&D project and related knowledse expands at the same time. Therefore, the
knowledge network shell becomes a spiral expending loop that the knowledze expends and
iz shared concurrently with each E&D project. Knowledge network shell can be seen as a
more practically expended view of the wirtual value chain shell in infrastructure lewvel of

CELM. Each stage of the knowledee network shell and its relationships with the wirtual

value chain shellin CELM are described as follows.

First stage iz focusing on the knowledse network. The knowled e network is initiated in this
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stage and need to be focused to be aligned to the core strategies of the organization. In Ré&D
project case, pioject targeting setting 1s the major job of knowledge network focusing.
Gathering NPD related information therefore becomes the core activity in this stage. In the
second stage, to create the network context, the activity of Oiganizing = in the wirtual value
chain shell plavs an important role. Since lots of development knowledge might be

extracting from oreanization knowledee base, they need to be well crganized to be utilized

Focusing  the Creating  the Eoutinizing Leveraging
knowledze network network network
network content activities msults

Figure 3-4: Four stages of lmilding a knowled ge network, adopted from Biichel & Ranb (2002)

LAfter creating knowledege networl izing information and knowledge, the
knowledee should be selected f(or ther souline wetwork activities, the third stage in
knowledge network shell. In CELM . -daklishine 2 fietwork heartbeat” (Eiichel & Eaub,
20027 would be the most important fae o tus o2 o, The retwork heartbeat decides the
frequency of E&D project activities toutine. The routine activities of E&D project in
CELM are the reusing of knowledge to shorten the TTM and decrease development cost. In
one hand, te frequency that the team recalls the knowledge should be dynamic and
concurrent with the project going on. On the other hand, new available knowledge
generated from each E &D team should be positively passed to each other wia the concurrent

knowledge engine, The fourth stage in this shell is leveraging network result. [n this stage,

the development knowledee are utilized and even be refined for future improvement.

The fifth stage of knowledze network shell, feeding knowledge back to next project or
called post-project review, 18 added in ader to store the knowledee created through the
network and to link all other stages into a spiral expending loop (figure 3-1). The

.



knowledge extracted from each R&D project must be fed back to crganization through the
post-project review process to distribute its walue (Von Zedtwitz, 2002). W hile waluable
knowledge diffuses to other ongoing E&D projects through CEE as soon as the knowledge
g extracted, the oreanization iz learning from previous B&D project and the MPD related
knowledge base expands. Therefore, the knowledge network shell becomes a spiral
expending loop that the knowledge expends concurrently with each single Ré&D project and

shared among everv Eé&D projects.

This secticn introduced the knowledge network shell, which iz the bridee between virtual
value chain level, the concept of wirtual value extracting, and the Eé&:D project collaboration

lewvel, the practical application of CEL M.

34R&ED Collaboration Le

The R&D collaboration level forris (he apdlicttions shell of CKLM. There are five stages
defined in this level: targeting, ~7all e n, refining and feedback stage. As
mentioned in literature review, the traditional process of new product development lacks the
recalling and utilizing of previous developing knowledge. This would lead to the
non-capture of wirtual artifacts, In CKLM, the recalling, refining, and feedback stages are

detined to avoid that situation.

Targeting stages represents the process of initiating a new product development project. In
the initiation of a R&D project, the target and specification of the project is defined. The
specification defining process could be referred to previous similar E&D project for the

allocation of rezource, the configuration of schedule and =0 on.

After specification is defined, in the traditional waw the project should be start. But in

CKELM, the project must be started after the process of knowledge recalling. The recalling
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stage represents the process of ecalling reusable knowledge from previous project that
relevant to the cumrent project. In this stage, developing knowledge is reused by their
importance to helping shorten TTW. With the help of the developing knowledge, the
execution process would be shorten and optimized. This could lead to improved developing
decizion quality, shortered TTM and decreased development cost. 4s mentioned in section
3.1, the Concurrent Engineering (CE) emphasizes the assumptions and reconciliations to
ease Hme wasting and make interdependent activities process concurrently. The recalling
stage recalls dewloping knowledge to make those assumptions so that NPD processes could

be performed concumently.

In execution stage, E&D teams are reusing previous knowledge to shorten TTM and reduce

development cost. Potential bottleneck conld he easily identified withexisting developing

knowledee. The execution process codd be thendesiin-d to fit a better scheduling.
During the execution stage, new nc-relanding o those developing knowledge might be
captured, =0 that after the ezecuti CerEn b} sloping knowledee could be refined,

The knowledge would be modified according to current NFD experience. The refining stage
performs the reconciling process that emphasized in CE. The output of execution stage is
verified, and the correction of developing knowledge recalled from recall stage iz verified.

Eoth werifications reconcile developing outputs. Further, the werification on developing

knowledee makes a concurrent knowledge refinement for the knowledge base.

Finally, in the feedback stage, a post-project review process reviews the project for the
reazore of failure and success, These experiences could be then shared as knowledge to
other E&D teams via the CEE concurrently., This process makes the developing knowled ge

cowld be transfer into future E&D projects, and perform an inter-project collaboration.
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Table 3-1 summarizes the gap between traditional E&D project process and the E&D

project collaboration in CE L.

Tahle 3-1: The raps between traditional E&D

nrodects and B &D proect collaboration

Project Stage

Az-ir (radidional R& D projects]

To-Be (E& Dproject collaborations}

Tarzefing Setilng project target by human Integmted  project  target  setting,  Customer
working and declsion, Cost lots of  mwguiements and  awvailable  technology  are
time  in  commmnlcatlon  and  concurrently integrated, Time tor
evising among marking and B&ED communication and revising 13 saved and the
depatments hurman-made mistakes are avolded,

Eecalling Frevious developing expedences  Previous developlng knowledze can be mealled
are recorded and  mferenced  realtimely in order to help decision making and
inefficiently by paper working, deploying NPD technology

Execation The project 13 executed In According to pmevicws developlng knowledge,
trial-and-emor style, every the technology processes with most priorlty to
technology process need 0 be  be done are identified via they possibility of
tested  without an  optimized  belng a bottleneck.
pricalty,

Eefining The mfinement levelor Fulsiing developlng knowledgze are refined
knowledge 15 diffic WOEE o rrently with the current project golng, The
with paper working lrucloping knowledge can then be ntilized for

o other going projects at the same time
Feedback Developing results and Dadihes s he nowledge or experience that been learned

i
=

wcorded with pap surrent project ace fed back to organization

Ve
e ILT

edge base. They can be then be recalled to
be utilized for next time project.

not convenlent furt 154 A o)

35 Summary of Concurrent Knowledge Learning Model

Table 3-2 summarizes the CEKLM. Table 3-3 describes the relationships of each level and
stage of CELM. With CELM, the major barriers identified to be faced by E&D
collaboration  — Difficult to business process concurrence and knowledee sharing
concurrence —could be overcome by the emplovment of CE and knowledege manasement.
CE plavs a role of concurrent sharing of information and knowledge. Base on CE, the
concept of VVC and knowledge network could provide a concurrent environment to extract,

organize and refine developing experience and knowledge. The E&D collaboration could be

then enhanced with the concurrent information sharing and oreanization learning. This
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could lead to shorten NFPD TTM and further, to increase competency of high-tech industries

in the globalizaticn.

In next chapter, the CELM is implemented as a web-hased svstem. A caze company, TSMC,

iz chosen for CKL M wvalidation.

Tahle 3-2: Svmnroary of Concurrent Encwledze Learning Maodel

ol
=
-]
=
-]
g
=

[

Infrastructue Level

Input !

Storage

Collaborating
Objectire

@ ;.;-: E the central  expliclt deomaln  the  sharing and  task knowledze
E E LE] mechanlsm as  knowledgze synchronizing  of  (zuidance and
£ L2 synchronized (documents, dormain suggestions 1o
= E knowledge mpository  nles); Enowledze; E&D projects);
% and knowledze
M diffuser x L
3 5 gatherng developing 0o, soidance or o the  recalling  of  information needed
f E—v related  information & mtcrmation rganlzation tor the progect;
j:“ S from knowledze ed for emory mlated to
E [Epositones ; fipo joet - PD DIOCESSES ]
E _EJ organlZing A TR e facilitating for  developing
E % Infomation frommn  needed  for the existing knowledege  knowledge i
§ éﬂ previcous stage Into project: and the curent  Improve the
valuable knowledge; proEct; efficiency of the
project:
oy ranking extracted knowledge to the prioclty and the  the most  proper
§ knowledge and lmprove the feasibility of  knowledge i
:'f; selecting proper one;  efficiency of the relevance enhance the
[roject; knowledze: project;
o syntheslzing pevious  the perfomnance the comectlon,  svynthesized
3% knowledze with new of knowledze enhancement, and lknowledzge and
"% explored knowled ze; nsed  In the eXpansion of exist  expanded
i curent profct;  and new  knowledge
Enowledze- [RpOSIHOTY ;
g diztiibuting value and  valoue-added the feedback and the distabution of
E knowledge  among  Information and  shadng of  walue and
1‘2 yirtnal value chain; knowledzge knowledze; knowledze;
=
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Feedhaclk to Mext

knowledge mpository

1rted

current propct;

wowledze for the
rganizational
emory feedback;

= 2 %44 alizning  knowledze possible project  the expected project target and
i o E gj network with targets; project outcome  specification;
¥ 2 %= 2=
g g :E organlzatlon and the
E - [ strate gies; orzanizational
Eﬂ strates1es
L&-" _Eﬂ %ﬁ % establizhing trust,  project target  the recalllng  of  wlevant knowledze
2 = % & contentand context;  and previons  relevant  ormodules for the
il specification; project; Current project;
*?;. E performing the mlevant the mutual prority  selected knowledge
% :g rontine of knowledgze  knowledgze cr  of the knowledge to  help declsion
= recalling,  rewsing, module for the in onder to fit the making in NPD
E and mwfining; current progct; need of the cument processes;
;g' project;
E
_Eﬂ F“*g El utilizing the The results of ensuring the the  modification
%‘] % T‘% knowled ze to  knowledge coreemess  and  for developing
E = e improve R&D project  reusing In effectiveness of  knowledgze as well
etficiency; current progct; knowledge In a5 new suggested
_________ DOSLEOTY - knowledze-
s synthesizing anc g af £ comblnation of  mfined knowledze
;:...E refining  knowledze - i cevions and new  and zrown CEE;
to strengthen the nowledss  an rplored

Application Level

E.-u Eﬂ Initlating a new seveml possible  the project targets  dentified project
M product development  project proposals  and market trend as  requirements  and
é .;'fﬂ project; and customner well as the project  defined
E g‘] Equirements ; requirements  and  specification;
g B available
o [ESOUICES
% o mecalling rensable  dentified project  the relevant  mlevant knowledze
- :% knowledze or  and defined  knowledgze and the o module for the
E] COMpOnEnts from specification; requirements  for  curmnt project;
E‘j prevlons projects that the current project;
e relevant to the current
project;
_E Eﬂ Enilng previous  mwlevant the relationship  the artifacts
E 3 knowledge to shorten knowledze or  bhetween previous  generated from the
% TTM  and reduce module for the  wersion and cument  MWFD processes;

development cost;

cnrrent progct:

specification:

o B



o by leaming fomn  the knowledze  the corecting and  efined knowledze

Eﬂ experence, refining  comectlon and  refining for  or Components

.%ﬂ knowledze for better  the  experience  relevant those could  help

= leveraging; leamed from  knowledge; MNFED to ilmprove

. MNPD processes; contlnnously;

o feedhack new  meiined MED related  expanded

tﬁ extracted knowledge knowledgze or  knowledze and  knowledze

E ti organizational  components company s come  repository that can

B memory  and  keep  those could help  strategzy 1Iaprove future

I EXpanilon and MFD to lmprove projects InoE
refining for CELM ; continuously ; effectively

Table 3-3; The wlationships of each level and stage of CELM

Knowledge RE&D Dezcripiion
Neitwork Collaboration
Shell Level

Cherall Concept Actlon Application The relationship of the two shells 1n

mlationships Infrastmcture level and  application

level 13 from concept through action
- M= FISAYW- and application,

Stagze ] Gather Focusing on the TafeEtin: In stage 1, WPD related data aee
knowledgze gathered for focusing on the knowledze
network network and performing the project

target setting,

Stage 2 Clrganlze Creating network  Recalling In stage 2, WPD related data ace
context crganized to creating knowledge

network context via the integration with
recalled developing knowledze

Stage 3 melect Eoutinizing Execution In stage 3, organized developing
network activites knowledze 15 selected for Eoutinizing

network activities, the executlon of
MPD process, the development cycle of
an B&lD) mroect

Stagze d eynthesize  Levemging Eefining In stage 4, developing knowledze 13
network resulting leveraged by synthesizing and refining

1t

Stage 5 Distribution  Feedback to next  Feedhack In stage 5, developing knowledge is

project

teedback wia postpeoject mylew and
distributed through CEE,
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Chapter 4: Implementation and Validation —a Case of TSMC

4.1 Validation Process

&g CELM ig an abstract concept of knowledge extracting and reusing, it 12 need to

implement CELM into an instance for practical walidation. In this research, the new

technology  development process of Taiwan Semiconductor Manufacturing Company

(TSMC) iz selected to be the case for CELM implementation The walidation process is

divided into following phases (fisure 4-17:

i

Phaze 1: Phase 2: Piase 3:

Case SAy-PRBEM Kewtfyhg [ Devebpmertand Fevew: Sevbr —— ] Large Samplvg: Largs sam g
ardzolton deskilig mavage recmkshop avd teedback Aid statkteale Lam latio

Figume LR T E N, On PrOCESS

Case selection and brief study: The CE LM 2 1 Donceptual model for improving E&D
project collaboration. & case =honld | lected o implement CELM into a practical
instance. Froblems identifving and solutton designing through the deplovment of
CELM are conducted in this phase. The CELM system 15 then developed.

CELM svstem development, review and feedback: A series of workshops are held. A
knowledge management consultant from KPMG Company and four senior managers
related to new product development in TSMC are interviewed. They are judging the
importance and feasibility of CELM to be deploved to support NFPD processes and
enhance RéD project collaborations.

Large sampling for werfication: Further, for a larger sample statistical testing, 26
professionals from Hsinchu Science Park in Taiwan are invited for wverifwing the

importance and feasibility of CELM.
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Following sections describe the implementation and walidation process of CELRM.

4.2 Case Methodology

Concurrent Knowledge Leaming Model (CELM) i2 quite a new concept, and iz difficult to
cuantifv its taneible and intanegible value while conducting with E&D project collaboration.
For this kind of research, which iz in new topic area, the case study approachis particularly
well-suited to validate it (Eizenhardt, 1989). Eisenhardt (1989) suggested that, firstly, case
study researches are having the importance and strength of novel, testable and empirical
validity. Secondly, convincing grounding in ewidence is critical for the evaluation of this

type of researches,

The major aims of caze studies are identified by MeCutcheon & Meredith (1993 as

follows:

1. todescribe a situation which 18 nobsto et o
2. toexplore an existing thecry maoi

2. to support, expand, or raise questions about existing theory

In this research, the case study iz aiming at the situation exploring and identifving the

feasibility and importance of conducting CELRM.

In crder to verify the feasibility and contribution of CKLM, a case study & conducted via
the forms of interview, pilot-mun and workshop, TEMC, a leading company in Taiwan
semiconductor industry, is chosen for the case company. Through the case study, interviews
with senior managers of TSMC are major means for information collection. Challenges
ahead the case company were tdentified wia interview. &4 pilot svstem of CELM is

implemented for two purposes: to show the capability of CELM and to contribute to
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industry in E&D project collaboration. Finallw, the feasibilitv and contribution of CELM is

verified through the workshops.

4.3 Brief Case Profiles

In the past decade, the rapid chaneing in the technigque of advanced integrated circuit (IC)
has led to critical demands for faster development cycle, According to the Moore’s Law, the
number of transistors per square inch on ICs would be doubled every 18 months. To gain
the competitions in global, companies in this industry have to keep improving in new

production innovatiors and shortening TTM for new products.

TEMC iz by now the largest semiconductor toundry in the world. From the founding in

1987, TSMC keeps improving its core canability in semiconductor manufacturing. Ev this

pure play”, TSMC wins its profcdsionaidmae s ool trust from its customers. By 2003,
TSMC holds a 42% share of the glébal fowmity Let, Az a leader company in the industry
of innovation, TSMC would be a greal case stidied and for CE LM walidation.

Figure 4-2 summarizes the International Technology Roadmap for Semiconductor 2003
edition (ITES, http:/fpublics dtre.net) and TSMC roadmap. ITES 15 an international accepted
organization which is focus on he semiconductor technology requirements assessment.
According to ITRES website, the International Technology Roadmap for Semiconductors
(TTRS) s an assessment of the semiconductor technology regquirements. The objective afthe
ITRS is to ensure advancements in the performance of integrated circwils. This assessment,
called roadmapping, is @ cooperative effort of the global industry manufzcturers and
suppliers, government organizations, consortia, and universities. The ITRY identifies the
technological challenges and needs facing the semiconductor industry owver the next 15

years,
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EBefore 1999 ITES and TSMC roadmaps are matched. But after 2000, TsMC keeps a

leading positicn to ITES on both roadmaps and technology generations.

From the representation of fioure 4-2, two critical and simple facts are shown as follows:

1. The semiconductor technoloey keeps upsrading i a fast speed.
2. Under this situation, companies must get themselves in a leading position in order to

hawve a majority competition advantage.
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Figume 4-2: TAMC and [TES roadmaps Gummarised from http ey tsme com & ITTRS 2003 edition)

4.4 Challenges ahead TSMCC

Under the assessment of ITES, each technology generation takes about one to two vears to
be developed. Facing the endless global competition, i order to shorten TTM of new

generation, inter-project collaboration could be a solution by leveraging artifacts of previous
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seneration and avoiding twice mistakes, However, the companyv should at least overcome

two problems to achieve the inter-project collaboration:

1. The difficulty of post-project review between two technology generations (Von Zedtwitz,
20027;
2. The difficulty of utilizing and reusing of development relate knowledee (Avas, 1996;

Eresnen, et al., 2003; Leonard & Sensiper, 1998: Malone, 2002).

In addition to inter-project challenges, there exist some intra-project challenges as well.
Figure 43 illustrates the technology development process of NFD. A complete chain of
NFD iz complex with lots of information exchanges and cross-function activities. Marketing
department (MET), E&D department (RD), data center (DC), customer engineering

department (CE), quality and reli L derarione JE) and FAE are involved ina NFD

process. Detailed descriptions for cach activly aie available in appendiz 1. The most
important part in the whole develbpoent voosess o project going part, the development
cvcle, which takes about nine to TRt mplete, In this case implementation,

the svstem deplovment is focused on solving problems in development cvcle.

R eze arch &
Developmenl

Coug km e Couallly &
Engineering Bellablily

I.Fearibllly Z.Prolec] 2 Fraolecl 4: Pre-

T.-Mars
Pradus lon

. Technology
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Slud i Frop ozed Golng q ualidcalon

Falirlca lon

Figure 4-3: The Technology development process of 12 industey
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& detailed description for development cycle iz shown in figure 4-4. Detailed descriptions
for each activity are available in appendiz L In a development cycle, the company are
facing intra-project problems those eaze the quality and efficiency of new technology
development. Quality Function Deplovment (QFD), Failure Mode Effectivenesss Analwsis
(FMEA&A) and Agreement Form (AF) are major information need to be integrated in
development cycles. QFD summarizes the relative severities of available technical modules
according to customer requirements. Based on QFD, FMEA further evaluates the failure
mode priorities of those technical modules by their severities, failure occurrences and the
difficult of failure detections. NFD activities for processing and examining those technical
modules are occupied by their failure mode priorty with Agreement Forms (AF). Through

the NPD execution processes, the failure mode of each module might be updated with

reviewing AFs. These information npdabmns die idered to make a new evaluation of
failure mode priority. Figure 45 cheows the relationchips of developing information, MED
activities and resource allocation 5 s Récirproects, The interdependence of developing
information becomes a barrer to i tErthe s ntly. In addition, bllowing problems

mentioned in literature actually exist in ndustry after identified wia the interview:

1. The development rthythm iz not concurrent among E&D teams (Han, et al., 2000;
Rolstadds, 1995; Saeed, etal,, 1993)

2. The development mformation 1s complex. (Han, et al., 2000)

3. The development mformation is dynamic. (Han, et al.,2000; Saeed, et al., 1993)

4. Too many people are involved in a large -scaled project. (Han, et al., 2000)

5. Decisions are not consistency among E&D teams. (Han, et al., 2000; Saeed, et al., 1993

6. Ceographical distance makes it more difficult to exchange development information
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Figure 4-5: The relationships of information, activities and resource in E&D projects

To sum up, there iz a critical need of uperading the quality and efficiency of Development
Information Integration (DID, so that the problems arising from dynamic, complex
development information could be eazed. Further, it could consequently lead to consistency

of development information and decision during an intra-project NED process. Another
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need iz to promote the capability of managing development knowledge in inter-project

collaboration. This could lead to a faster NFD TTH for future E &D projects.

45 CEKLM Svstem Design and Development

After interviewing and understanding the business processes of TSMC new technology
development, CKLM system is designed. For the purpose of easy to be accessed, the system
iz designed to be a web-based system. The architecture of svstem 15 based on the three-tier
architecture. The database sever iz Microsoft SQL Server 2000, The application server is
Microsoft 115 Server 5.0, Clients can access the svetem wia common browsers such as

Microsoft Internet Exzplorer 60, The svstem iz developed under Active Server Fage (ASTE).

Table 4-1 summarizes the problem s (ooshorten 11 vhich has been identified through the
interview. Their potential causes, voleniial sonitions and CELM stages mapping to thosze
solutions are identified. Ewentuall, CELDEI G G abatract and conceptual framework. Its
implementation should be in diffe TS RAT rent functions in order to fit different
industry and different company. Since the problems and potential causes of TSMC are
identified, the CELM system is designed to be customized for their potential solutions.
Appendiz 2 illustrates the entity relation diagram (ERD) of CELM swystem. Appendixz 3

describes functions in CELM svstem and their involved data entities (tables in databaze).

Table 4-2 summarizes the major information activities need to be integrated in a developing
cycle and the required time to complete them. In current situation, these activities are
performed trough lots of mesting and paper works, Thizs would result in information mistake,
redundant working and lead to time wasting, The CELM svstem ig designed to solve these
problems, CKLM svstem provides a concurrent platform for integrating development

information. The time wasted in human mistake, redundant working and inefficient meeting
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are compressed becauze these activities could be integrated and performed systematically.
For example, traditionally, engineers have to update development information at least in
agreement form report, failure mode table and create a new wersion of FMEA table. But
with the support of CELM swstem, engineers just lave to update agreement form report
(execution stage of CELM), and then the updated developing information would
automatically link to failure mode knowledge base and generate a new wersion of FMEA
table. Another example i that, engineers do not need lots of long meeting to discuss the
pricrity of task, but just need a small-scaled meeting to confirm the developing knowledge
in failure mode knowledge base. Those time-wasting tasks now could be replaced by the
integrated svstem, o that the total time-to-market would be shortened. By an assessment of

the real-time integration of DII, the total time needed of DII is expected to be 11 hours with

the support of CELM svstem wkh atrent i ded iz summarized to be 133 hours.
This shows a dramatic expected wipovement g T4 of NED. The expected improvement
that CELM svstem could provide is sutomat@edrsis ble 4-2 and figure 4-6

Figure 4-7 illustrates the system functions and their mapping CEKLM stages. Eelated
functions are grouped as function group & to function group D, Some functions, for instance,
QFD maintenance, are involved in more than one function group because their play a role of

key connector between businesses processes,

& workable web-based svstem 1z implemented. Figure 4-82 15 a screenshot of CELM svystem.
& detailed CELM system function and interface introduction is available in appendiz 4. For
example, fieure A4-9 and fisure 44-10 in appendiz 4 shows the operation of refinine

development knowledee and concurrently integrated into current development information.
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Tahle 4-1: Prollems of curent RS D collaboration and their potential cavse and potential solution

Prob lem Potential cause Potential zolution CELM ztages
The difficulty of The fragment of Intezrting development  Feedback
FPost-project review specification, resource  EXPErlence management
and mana gement
The  difficult  of Mot catching the Recalling development experience Eecalling
utilizing and rensing  Intangible developmoent
development related  artifact
knowledze
Mot concurrent  Team fmgment; Eeal-time  development  cycle  Execution;
development thythm  Development cycle  wview mechanlsm Eefining
view fragment
Mot Integrated  Development Consltence management of  Targeting;
developmnent Information being  developmoent infomation; Execution;
Information commpler and dynamic Eeal-time control of development  Refining
Information
Diftienltsy of group  Too many  people  Internet based development review  Execution
meeting Involyed in i mechanism Eefining
large-scaled project;
(seographic limits
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4.6 Workshop and CEKLDM <l -

The senicr manager workshop was conducted with four senior managers and a consultant.
Thevy were product marketing manager from Flatform Marketing Advanced Technology
Divizion, manager of &dwvanced Logic-2 Department (B5nm) from Logic Technology
Divigion, technical manager from Corporate Security Division and risk-based auditing
program manager from Internal Auditing from TSMC and a knowledge management
consultant from KFMG Company. An introduction for CELM and a svstem demo about
thirty minutes was conducted. After the introduction and svstem demo of CKLM, the
importance and feasibility of CELM were judged by them with the interviewers’

professional knowledge and experience. The walidation of importance and feasibility  was

based on following eight questions:
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Q1l.How important and feasible do wou consider the real-time Development Information
Integration (DID capability of CKLM to enhance the integration of dewvelopment
infarmation?

Q2. How important and feasible do vou consider the knowledsge feedback capability of
CELM to enhance the post-project review between projects?

Q3. How important and feasible do wvou consider the knowledee recalling capability of
CELM to enhance the reuse and utilizing of development knowled ge?

Q4. How important and feasible do wou consider the real-time knowledge refining capability
of CELM toenhance the concurrence of development thythm?

Qo .How important and feasible do wou consider the real-time knowledge refining capability
of CE.LM to enhance the concurrence of developing decision?

Q6. How important and feasible PR S atal TH0 e real-time & centralized web-basze
interface of CELM to reduce poobleme of larze number of people involved and
geographic limit of mesting?

Q7. Overall speaking, how import Trresk]] vou consider CELM to enhance the
concurrency of Development Information Integration (DIDY?

Q8. 0verall speaking, how important and feasible do vou consider CKLM to enhance the

E&D project collaboration

among those checking gquestions, QL to Q6 are designed to verify the importance and
feasibility of CEKLM to solve problems identified in table 4-1. Q7 and Qf are owverall
verifyving of CELM in supporting DI and E&D project collaboration. Figure 4-9 shows the
regult of interviewing questionnaire. Each point in a chart represents for an answer from a
interviewer. Some results in figure 49 show less than five points becauze two or more

workshop attendants give the same answer for the question.
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The feedback of the senior manager workshop not only shows a positive consideration for
CELM, some wvaluable suggestions are also given. For example, the authority problem of
approving development knowledge change could he important in practical. Besides, the real
development information 12 much more complex and difficult to be managed, so there is a
need of more flexible execution reviewing mechanism These suggestions could be helpful
when CEKLM is considered to be conducted into real industry. They will be critical in the

futre work and extension of this research.

In addition, for a lareer sample for statistical testing, 36 professiona ls from Heinchu Science
Fark in Taiwan were invited to verifving the importance and feaszibility of CELM. The
result haz a Cronbach’s alpha of 0.865, which demonstrates a high reliability for the

sampling. & one-tailed t-test then shows that all the eioht questions have a significant result

of importance feasibility both more hon desies of hree under a significant level of 95%.
Most of them even have a significan! resull of nooiiance degree more than four (Q1, O2Z,
3, Ob, 06, OF and 08 under the “2me ican! lewel, These results demonstrate that to

solve the problems identified in table 4-1, CKLM iz considered to be critical and feasible,
since that Q1 to Q6 are designed to verifv the importance and feasibility of CELM to solve
those problems. The positive results of Q7 and Q8 shows that CKLM is commonly accepted

for its capability of knowledge extracting, refining and reusing as well as enhancing R&D

project collaboration and development information integraticns.

Detailed ttest results are available in appendiz 5 Figure 410 shows the result of this
laree -sample workshop with averaged data. The results of Q1 through Q8 all allocates in the
area of high importance and high feasibility, which demonstrates that the CEKLMS is

considered to be effective and suitable to improve E &D project collaboration.

Mext chapter discusses the implications from the development of CELM svstem and
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Feasibility

Figure 4-10: Summarized =
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Chapter 5: Implication

Through the development of CELM from concept to application, implications are acquired.

In addition, feedbacks from workshops also provide implication and suggestions for this

research, Thev are described as follows,

5.1 The Collaboration in Different Organization Levels

This research presents a framework, the CELM, to tmprove the E&D project collaboration.
In the real world, collaboration iz happening evervwhere. To give a simple definition for
collaboration, it 12 to share information and to work together in order to reach the common

eoal, and in a better and faster wav. Figure 51 illustrates an example of collaboration in

different lewvel of business. In a lower level o orpanization, there exists collaboration in
micto view scope, such as collibovation amerns tcam members. In a higher level of
organization, the collaboration 12 happen” et 2D oteams, When it 1s considered to be

an intra-organization level, the interaction among ditferent companies represents a macro

wew of collaboration.

The collaboration between E&D projects is the major mean that CELM iz emphaszizing.
Collaboration in different level provides a foundation for oreanization learning in different
level of learning, from individual learning to organization learning. Since the collaboratiomns
take places in ewery business operation, conducting an emphasized collaborative
environment could be important. Through the implementation and workshop, it has been
revealed that collaboration in Ré&D projects could consequently lead to a shorter TTIM.

E&D teams can share development information and extract previous development

knowledge to avoild unnecessary cost and mistake.
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Figume 5-1: View scopes of collaborations in different organization levels

52 The Deplovment and Role of CEKLM

To conduct a continuously 1mprovige peahanigm few B&D project, there are not only needs

in supporting of information technalo oy batales managerial side support. Figure 5-2 shows

the deplovment of conducting continn == tnerovement 0 HPD process.

To the purpose of continues improvement in NPD process, the organizational learning and
knowledge sharing should be promoted. The organizational learning and knowledge sharing
are the focus of post-project reviews (Von Zedtwitz 2002). To ensure the organizational
leamning and knowledge sharing, the strategy, willing, cultural and trust of organization are
critical. CELM could provide a mechanism for crganizational leaming and knowledge
sharing via the development information integration and development knowledge recalling.
In the central concept of CKLM, the Concurrent Enowledge Engine supports the
concurrence of the infrastructure level and application level. Wirtual value chain shell and
knowledge network shell provide a process of processing information into knowledge and
value for the application level -the E&D project collaboration level.
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In addition, two sides of supportin e Saiio = peeded for the deployment and promoting

of CELM and the R&D project collaboration. They are the technical supports and the
manazerial supports. In the case implementation, it has been shown that the information
technology could provide lots of help for the CELM svstem realizing. Howewer, the policy,
encouragement and resource from organization supports are as important as the technical
support. Without the support from the top management level of organization, the conducting

of CELM and E &D project collaboration could be hardly success.

Eezides, from the feedback of senior manager workshop, the importance of human factors is
highlighted. Ewven though CELM provides a well accepted framework for integrating
developing mmformation and developing knowledge, without the willing to use the system

conld become great barriers to promote knowledee sharing in B&D project collaboration.
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To sum up, the technology could serve as a pull force to conducting the Ré&D project
collaboration. And the managenal support could server as a push force as well. In the
literature review, barriers from both technical =ide and managerial side are identified. For
the reascn, it can only be succeed to deplovy the CELM in improving E&D project

collabeoration while both barriers could be overcome.

53 The Development Enowledge Existing in Intra- and Inter-projects

The Development Information Integration (DID iz the major means to extract, reuse, and
refine development knowledge in the Ré&D project collaboration. In the implementation of
CELM, it has been identified that the DII takes places in both intra-project situation and
inter-projects situation. Figure 5-3 illustrates the intra-project DII and inter-project DIL The
intra-project DII could contribu o Jees dey nent cvcle time. The development
information could be refined and eraed 0 pest o pceieration technology development. This

recalling process hence foormes the inte - prowear Lol

From the feedback of workshop with senior manager of TSMC, it was identified that there
might be some critical technical gaps between two very different technology generations.
There would be more uncertainty in technical module of these gaps. For example, the
experience from 13mm technology platform could almeost completely transfer into the
development of 90nm technology platform. Howewer, the experience from 90nm
technology platform might not be fully support the developing for 6inm technology
platform. This iz because the zap between 90nm and 6inm technology platform iz much
bigger than the gap between .13mm and 90nm technology platform. Under thiz situation,
there should be new information inserted into the CKE of CELM, and the information
should be refined into trustable and robust knowledge. In the case of TSMC, thiz process

could be performed by following steps:
_ER



1. pre-experiment and pre-qualification for those whole new technology modules to
identify their failure mode;

2. inserting those technology modules into the process repository of CELM system with
their initial failure mode:

A, through intra-project DI refining thedr failure mode during each development cvcle;

4. feeding back their final failure mode into process repository for transferring to next

ceneration,
F 3
—_ Inter-project DII
£
E @ Inter-proiect DII
=)
ARG A X
2 iy, < ¥
= Intra-project DI A
k: "N

Fnitaspee oot I

Intra-project DII

Time

Figure 5-3: Intra-project DIl and nter-project DT

In addition, the feedback of senior manarer workshop also suggests that, it is critical to
enslre sach refinement of developing knowledge 12 correct. To achieve this, in real- world,
there should be a werification process before the refinement of developing knowledge. This
process could complete the refining stage of CELM, and make the developing knowledge
more robust and reliable. Further, more willing would be encouraged for the sharing and

reusing of knowledge, because this verification process provides a more trustable

- 50



collaboration environment.

In the caze study, the CELM system could provide both intra-project DIT and inter-project
DII. These could contribute to both shorten current Ré&D project and continues
improvement of future E&D projects. Though there are still some limits in the proto-system
of CKLM, it indeed performed a conceptual process of reusing developing knowledge to

enhance E&D project collaborations.

5.4 Advantage of CELDM

Firstly, CELM could integrate knowledge management processes into business processes.
In industry, the review of agreement form iz the major routine of development cyvcle. &lzo, it

iz the critical process of extracting and refinine developing knowledge, CELM svstem, in

the case study, performs a role of cufracins eoperences and lessons learned from
agreement form execution. This coul! be gowe ful ovhile it combines the process of NED
and knowledge extracting and knowled: Limine. As feedbacks from workshop, it is

critical to integrate knowledge manarement process into business process, CELM could

achiewve thiz wia the tightly combination of agreement form review and developing

knowledge integration through the concurrent development imformation integraticn.

secondly, positive feedback from workshop demonstrates the critical and feazible of CELM
being improving E&D project collaboration. According the workshop results shown in
figure 49 and figure 410, it ig clearly that the feedback of each CELM capahbility to
support improving the E&D project collaboration iz located in the area of high importance
and high feasihility. Eoughly speakine, the results from large sampling workshop have a
higher degres in importance and feasibility. It should be that the attendants in senior

manarer workshop judeed the CELM =zvstem i a stricter wav with their professional
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experiences and industty viewpoints. However, they still considered CELM as important

and feasible to help improving E&D project collaboration.

Thirdly, CELM could provide a concurrent knowledege management process. With the
emplovment of CE, the knowledge management process could be performed in concurrent
way rather than traditional sequential waw. Since the basic of making interdependent
activities concurrent in CE is the applying of assumption and reconciliation, the stages of
recalling and refining in application lewvel of CELM play those roles in managing
developing knowledge. Developing knowledge 15 recalled to be the assumption of execution
outputs as well as refined after the reconciliation of execution outputs. With this, not only

the MFD activities are concurrent, but also the management of developing knowledge and

development information inteeration s concuirrent.

Finally, CKLM could shorten TThE ol NP D process v the recalling of existing developing
knowledge. In the case wvalidation, the developine knowledge 15 designed to be the failure
mode of technical modules. The HAAR" | ntial to evaluate the priority of tasks
need to be done. The tasks those are more like to be bottlenecks are considered to have a
higher priority to be performed. The effectiveness and efficiency of NPD tasks prioritizing
than become critical in the initial stages of an R&D project. CELM provides a recalling
stage which recalls failure modes of technical modules, and performs an automatically
prioritizing process. Further, when failure modes are refined after task ezecution, a new
version of failure modes analvsis is generated in the same time. These recalling and refining
process of developing knowledge could help optimizing the priority of NPD tasks. The
TTM of E&D projects then conzequently could be reduced. In addition, the human mistake
and inefficient meeting in traditional paper works for the failure mode analysiz could be

avolded to save time and cost.
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55 Limitation of CEKLDM

In contrast, there are still some limitations of CELM. Firstly, the scope of knowledse
management 13 wide, The CELM, in current, aims on the knowledge management only in
E&D project management field. Howewver, there iz great potential in CEL M to be applied in
other field. For example, in the software engineering field, the components of software
could be seen as knowledge in the field. In targeting stage, the requirement analwsis and
feazibility analysis are performed. In recalling stage, software components are recalled to
faster the execution stage, After execution stage, those components misght be refined or
upgraded. And at last, new components and documents are fed back to component base for

future need. Although the scope of CELM i limited in this verv research, it could have a

ereat extension in other fields in future researches.

Secondly, lacks of consideration foo humarn faciors become a major barrier to conduct
CELM. From the feedback of woikelon, @015 cupoasted that though CELM provides a
feasible supporting for improving oration, there might be resistances of
changing working processes from traditional wave. To work it out, there should be enough
training and encouraging integrated with the company strategy of human resource
development. A% mentioned in literature review, the managerial barrers might be more

difficult to be overcome than technical barriers. To conduct CEML to be more accepted

within crganization, the culture and willing of sharing knowledge iz essential.

Thirdly, there exist some gaps between projects which could not be handled wia continues
refinement. Although lots of NPD iz an upgrade of previous product (i.e., .13mm
technology plattorm and 90nm technology platform), in industry there sometimes exists
huge mp between two generation of products ..., 90nm technology platform and 6onm

technology platform). Not all developing knowledge could be acquired from previous
-6 -



projects in such tvpe of NPD projects. This could be a limitation of CELM. However, some
effort could roughly remedy this limitation as mentioned 1n section 5.2. Indeed, there should

ke a better and more svstematical solution to overcome this limitation in the future works.

Finally, the real industry suffers much more complezity of developing information than that
considered in CELM proto-system. Actually, thiz would be the reason that some
attendances in senior manager workshop didn’™t consider CELM with high feasibility. From
the fesdback of the workshop, it iz suggested that the CEKL M system would be more feasible
to industry need if the information formation in the svstem could be more divergent and
dynamic. Thizs could be a really important improvable area for CKLM. However, CEL M

indeed performs a common-accepted idea to improving BE&D project collaboration vwia the

concept of concurrent knowledge learming and manasing.

5.6 Summary of Implicatio

Through the implementation and s ot workshop, CELM 18 considered to be
critical and feaszible for improving Ré&D project collaboration wia its concuwrrent knowledge
extracting, refining and recalling capabilities. The developing knowledge could, through out
the CKLM concept of concurrent knowledge sharing, be reuzed to enhance the cquality of
developing decision. In addition, the development information inteeration could be
enhanced through the real-time linkage and auto-generating of QFD matriz, FMEA tables
and agreement forms. Further, even a non-explored technical module could be refined into
reliable dewelopment knowledge through the process of inter-project DII and refining its

failure mode attributes.

However, in order to make CELM more fit to practical industry, there are improvable areas

for future work. For example, the authority problem of approving development knowledoe
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change could be important in practice. Besides, the real development information iz much
more complex and difficult to be managed, o there 12 a need of more flexible execution

reviewing mechanism. In addition, human factors are critical for the conduction of such a

new working process.

To sum up, through the knowledge value-adding process defined in CKLM, an opportunity
for organization learning 15 provided to improve E&D project collaboration. The framework
of CELM iz considered to be critical and feasible, but there iz still some gap between theory
and practice. To promote the CELM into the E&D project manarement, not onlv technical
supporting 1z need but also managerial supporting iz, Only if the strategy, culture, willing
and trust for organization learning and knowledge sharing are ensured, the CKLM could be
conducted to achieve itz full potential And further the R&D project collaboration could be
fullv enhanced, and TTM could besghoriemedsta.the sharing and reusing of developing

knowledze.



Chapter 6: Conclusion and Future Work

6.1 Conclusion

&g B&D becomes a critical capability in knowledge economics, shortening TTM of NED

processes i getting more important,

Thiz paper reviews the barriers to improve NEFD processes in E&D projects and the

advantages, approaches and difficulties of emploving the CE and collaboration into NED

processes. In order to overcome these barriers and improve the efficiency of E &D project

management, the Concurrent Enowledee Learning Model 18 proposed in this paper. The

CELM, which iz based on the idea of CE, wirtual value chain and knowledge-creating value

network, has been identified coule FERAI =T 2D project collaboration in following
Ways:
1. Inanintra-project situation, by cusu s aenrrent DI development information can

be well managed. Thiz could lead to time saving and cost saving because the
development information revising would be controlled in a centralized real-time
mechanizm. In the case company, the concurrent DII capability iz shown in three
functions of the proto-svstem: the concurrence of customer requirements and technical
processes, the concurrence of QFD matrizes and FMEA tables, and the concwrrence of
AF reviewing and FME & table re-generating.

In an inter-project situation, by refining the accuracy and correction of developing
knowledge, and by extracting new knowledge into the centralized knowledge baze,
E&D knowledge could be stored and utilized. This could lead to the experience reusing,
which can consequently reduce the cost and time from avoiding previous mistakes. In

the case company, the inter-project knowledge refining ability i shown in the function
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of process repository maintenance of the proto-svstem. Each refinement and correction
to a single technical module could be transterred into other ongoing or future E &D
projects.  The inter-project knowledege recalling capability iz shown in the function of
venerating the initial FME A table, which would automatically recall existing knowledge

abont technical processes, and reduce the error and time wasting of uman- working.

In addition to above contributiore to E&D project collaboration, the feasibility and

importance of CELM 12 identified in workshops, The workshops identify that:

The concurrent DII capability of CELM 1z critical and feazible to improve developing
information consistency and developing decision correction.

The concurrent DII capability of CELM 18 critical and feasible to avoid time wasting in
developing cvele, and further to | sy develdp rhythim.

The developing knowledge recalling capabiliy of CELM is critical and feasible to

utilize developing knowledse betieen wiadnst gener 1 ilons.

ab

The developing knowledge 1 ¥APA b f CELM iz critical and feasible to

perform post-project reviews in E &D project collaborations.

The CELM integrates various artifacts and enhances the concurrent knowledge refining and

diffusing, =0 that the E&D project collaboration could be improved continuouszly with the

concurrent knowledee learning environment. [n other words, the CELM iz itzelf an exzpert

aystermn with a dvnamic and grow-able knowledee baze. The knowledge within CELM will

expand with new artifacts generated from evervy E&D projects, and are refined through

knowledge zelection during every E&D projects. This iz the kew to ensure continues

improvements in NPD processes,

In addition, CELM delivers a reference model for the B&D projects and knowledee
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management to shorten the TTM. Besides, this research proposes a suggestion for the
refinement of the wirtual value chain (Ravport & Svickla, 1995) and the knowledge -creating
network (Biichel & Raub, 2002) by integrating them with the concept of concurrent
engineering (Winner et al., 1988). These could contribute to the field of new technology

innovation and knowledee manapement.

6.2 Future Work

Through the feedback of workshops, there are waluable suggzestions identified. Those

sugeestions could provide great contributions for improving CELM to be more practical.

They are listed as follows:

1. Toenhance the management igene==s 2nch 2 limite of authorities to ensure the dewloping
knowledee security:

2. To enhance the diversity of Anfcrmaiioh Tormation to fit the complex practice of
industry;

3. To complete the refining stage with a verification process in order to ensure the
correction and accuracy of each refinement for developing knowledge;

4. To consider human factors, such as willing, trusting for a better acceptance of thiz kind
of knowledse sharing mechanism:

5. Todefine a solution of huge product generation gaps those could hardly be supported by

previons developing knowledse.

These suggestions would be great suidance of further enhancement of CELM. Finally and

hopefully, the author would be honored if the CELM is taken as a reference model for

future researches in innowvation, collaboration and knowledee management.
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Appendix 1: F xecution Rules of Technelogy Development

Processes

1. Feazibility study
1.1 Market Analvsis

Eezponsib ility Action

MET Setting up company s roadmap by collecting 514 road map and
customers needs:

MET.ED Making compefitive analysis ;

1.2 Technology Analysis
KEezponsib ility Action
ED Bvalnating the possibility of new modules and new machines to

implement new technology:
FAB Understanding the new equipment demand;

2. Project proposing

Responsh iy acion I I

A
ED Forming RD fedrn withebedd Wdcfined goal;
Flaving the saq o cevelopment ools with the help from MET, FARB, QR
and other i=lated depaitments af 2ifferent stages;

Proposing coop ot snnlications 2nd technology development planning
charts;
setting up mulesiones oo aeveleplng 11l production;

3. Project golng
3.1 Vehicle setup
3.1.1 Initial Technology Manual

RKeazponsib ility Action

ED MET, D FPrepare technolozy manuvals and filing them intoe DC, including QFD,
0.0 POM Spec, design mle, and process flow;

3.1.2 Test-kex setup

Eezponsib ility Action

ED Hssigning a speclfic person f Zroup for the testkey layont 13 assigned;
ED slgning Mask Tolling (MT) by ED manageg

3.1.3 Mew Frocess Module Setup

Eezponzib ility Action

ED FAB Froviding the FMEA, AF and schedule for new modules before process
flow setup;
Including process window characterizatbn, cross-sectional SEM check

S



and mlated electical propetsy into AF;
Hiling engineering reports after new module pass process qualification
and product gualification:

3.2 Process Flow Setup

Eezponsib ility Action

ED Froposing integrated AF and setting up eliable and marketable process
o

Based on QFD, add mwssing kev process steps and potential problems by
mtegrating FM EA and control plans (CF);

3.3 Engineerng Eun

Eezponsib ility Action

ED. FAR Starting engineering lots and experiments ;

ED, Imple menting FMEA to make continuows lmprovement and fallure
mode analysis ;

Collecting WAT, process data and CF yield trend;

supporting the COF yield analysis and product chamctenzation for RD;
Providing new SPICE modeland filing to DC;

5 |

3.4 Propct Eeview

Efe - NS |

MET, ED, FAR, OQF., CE By MET, } olil ing the seview vceting for project reviews;

-

4, Pre-qualification

Responsi ity N Y I
ED Holding the pre-gualification meeting to check process window and
process capability;

ED, QR I the process window and PCM are available, then pre-freeze process
flow and stast process  product qualification

4, Technology Transter

Kezponsib ility Action
ED FaABR QR Eeviewing whether the development process 13 matued to he
transferced. ;

&, Qualification

ED, QR Holding the process gualification according to company standarnd
process qualification specifications ;
Helding the product gualification and condueting final reports ;

_E, MET i_E feeding back the qualification wsults to M ET;

ED Holding the technology transfer meeting with FAB according to the

qualification agreements and defined citera ;

ED Ok CE If the gualification results shonld faill RD, OF. and CE collaborate to
_73.




make failure mode analvsis, RD should do process fine-toning until
gualification passes and npdate design rules,

7. Mass Froduction

FAR, QR FAER should maintain and lmprove 1eld t0 4 commitment valoe,
QE should do continuous reliability monitor for generc process and
Inform engzineers the waults,
FAE should set up FME A review svstem

- -



Appendix 2: CKLM System ERD

Evglieer

</ !

Bgreement
Foorm

Techrlcal Mod k

FRMEX Item

@

FMES& Tabk

titomer
FEequirement

Fallnre
aCconrme nce Foale

Fallne Dete ctlon
Fule

T FD Matrx

Figure 42-1: CELM system ERD
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Appendix 3: CKLM Svstem Function D escription

Functon Name | Function 1.1 Project Creation

Fuorposes creating a new technology development project in to project database;

Inputs project name ;
progct description;
project complete date;

Clatputs project entry;

Eelated Tables thlProject:

Functon Name | Function 1.2 Project M aintenance

Purposes listing statns and description of all technology development progcts;

malntaln customer reguirement of projects;
yerlfy 3 project a5 completed when it pass all gquality and reliability exam;

Inputs project complete date:
Clutputs status change of projects ;
Eelated Tables thlProject ;
Functon Name Functon 2.1 Cus
Furposes listing status and Cegorioion o all fenhinology development progcts;
malntaln custome SETUIFETRE ;u“; 'e‘-f. :
Inputs progct selection; N ey, =
Clutputs selected project; 5 ¥ -
Eelated Tahbles thlFroject; o E
Functon MName Functon 2.2 Customer Reguirement 5etting
Furposes setting customer requirement for a selected project;
Inputs selected project (from function 2.1);
cuitomer regqulmkment;
Clatputs customer requireraent 1ist for the selected project;
Eelated Tables thlFroect;
thlEequirement;

Functon Name Functon 2.3 Customer K eg uwirement Listing

Purposes listing customer mquirement of a selected project;
zenerating (JFL with existing customer wguirement and process;

Inputs selected project (From fanction 2.1);
customer e qulements (from function 2.2);
process wepository (from function 7.1);

Clatputs mitial QFL matel;

Eelated Tables thlProcess Eep;
thlFroject;
thICIFD -

- -



thlEequlrement;

Functon Name | Functon 3.1 QFD generating

Puorposes coraplete DFD matelr for a selected prodect;
Inputs indtial QFD matnx of the selected propct (from function 2.3);
Clutputs completed QOFD mati;
Eelated Tables thlProcessRep:

thlFroject;

thlQFD

thlEequirment;
Furposes lisfing exisfing project and thewr OFD matay;
Inputs project ist (from function 1.1
Clatputs progct selection;
Eelated Tables thlProject ;
Functon Name | Function 3.3 QFD detailed listing
Purposes displaving detailed QFD moa triy;

linking to function 4.1 to zenerate FME A table;
Inputs selected project (f ,,‘, b '__; ':' e,
Clutputs detailed OFD mat:o

linkage to functignd 1o
Eelated Tables thlFrocessEep;

thlProject;

thlQFD ;

thlEequimment;
Fuorposes generating vl.1 FMEA fahle for selected progct;
Inputs selected project (from fanction 3.3);

progct QFD maty (from function 3.3);

Clatputs v1.] FMEA tahle;
Eelated Tables thIFMEADI;
thiIFMEA M st;
thlFrcessEep;
thlProject
thlJFD;
thlEequirement;
Purposes listing all technology development progct and their FMEA tahle;
Inputs project ist (from function 1.1
Clutputs progct selection;




Eelated Takles thiProject:

Function Name Function 4.3 FME A List for a Selected Project

Puorposes listing all version FMEA tables fora selected progct;

Inputs selected progect (from function 4.2);

Clutputs all version FMEA tables for the selected project;

Eelated Tables thIFME &AM st
thlProject

Functon MName Functon 4.4 FMEA Tahle Deatail Linting

Fuorposes listing detalled information for a certaln version FMEA table of a selected
project;

ranking FMEA& table 1tems according to 1 m priocdty (1tem pdorlty = severlty *

occurrence mie * detection difficalt);
linking to function 5.1 10 génerating initial AF;

Inputs selected project (from function 4.2);
selected FMEA vesion (from function 4.3);
linkage to function 5.1;

Clatputs detailed FMES table ;
Eelated Tables thIFMEADI;
thIFME AMst;
thiProcessEep;
thlProject =
3 ,,ﬁ" I
Purposes ZEnemting inital table fora selected project;
Inputs selected project (from function 4.4);
selected FMEA vemion (from function 4.4);
Clatputs Initial &AF;
Eelated Tables thlAF;
thIFMEADI;
thIFME AMst;
thlProcessRep;
thlFroect
Furposes listing all technelogy development project and theirAF;
Inputs project Bt (from fonction 1.1);
Clutputs progct selection;
Eelawed Tables thlProject;
Function Name Function 5.3 AF Detail Maintenance
Fuorposes completing AF detail;
Inputs selected progect (from function 5.2);
AF due day;
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responsible engineer;

AF emark:
Clatputs detailed AF;
Eelated Tables thlAF;
thlEngh st;
thIFMEAD:
thIFME AMst;
thlPrcessRep;
thlProject
Purposes listing all technology development project and thelrhF;
Inputs prodect ist (from function 1.1
Clutputs proect selection;
Eelated Tables thlFroect
Furposes listing nndone AF: for a selected project;

linking to development progress trend chart (function 6.4);

Inputs selected project Hrom function £.1);
Clutputs nndone AF list;

linkage to function &8 —F-I3WN &
Eelated Tables thlAF;

thlFrocess Eep; WV el
Functon Name | Functon 6.3 AF I
Fuorposes genemiing AF review repord ;

check AF as done;

npdatin g development progress trend ;
npdating process wpository with AF mview mport ;
zenerating new version FMEA table with AF wiew repout;

Inputs selected AF (from function 6.2
Chutputs npdated AF;
npdated development progress trend;

npdated process repository;

new veslon FMEA table;
Eelated Tables thl&F;

thlEnzM st;

thIFMEAD;

thIFME AMst;

thlFProcessRep;

thlProiect;

Funciwon Name | Funciion 6.4 Devebpment Progress Trend Chart

Fuorposes displaving project development progress trend;
e




Inputs selected project (from function 6.2);
scheduled development progress:
actual development progress;

Chatputs development pogress trend chad
Eelated Tables thl&F;
thlProject
Functon Name | Function 6.5 Latest Updated AF Listing
Fuorposes tracing AF wpdating status for all technology development project;

linking to wlated nndone AF list (function 6.2);
linking to developrent progress trend chart (function 6.4);

Inputs AF review report (From fonction &.3);
Clatputs latest npdate AF listing;

linkage to function 6.2;
linkage to function 6.4;

Eelated Tables thlAF;
thlProject;
Functon Name | Functon T.1 Inzerta New T echnical Process
Puorposes Inserting a new technical process Inte process tRpos oy ;
Inputs FProcess name;

Function purpost
FPotential failore;
Fotential effect of fGilos,
FPotential canse of foloe
Failore cconrrene
Detection method;
Detection level:

Clutputs Frocess entry;
Eelated Takles thlProcessRep:
Funciton MName | Functon 7.2 Update exisiing p rocesses
Purposes Updating an exlsting technical process in process repositony ;
Inputs Updated function purpose;
Updated potential fallue;

Updated potential effect of falloe;
Updated potential canse of failue;
Updated failore occurmence;
Updated detection method ;
Updated detection level;

Clhatputs Updated process entry;
Eelated Tables thlProcessRep;




Appendix 4: CKLM System Function Interfaces

1. Project Initiation: entering new project information to create a new project. Ex: a new

project named 65 nm Development Frogram”™ and its related information are entered.
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2. Development Information [ntegration: Initializing customer requirement, generating QOFD

and FME & automatically
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3. nitializing AF with FMEA
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4. Refining Development Enowledze for maltime development knowledze rewsing and Development

Information Integrmtion
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5. Project proeress and development rhythm controlling
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Appendix 5: T-test Reports for Workshop Questionnaires

For all following t-test, the critical walue from t-distribution with 95% significant level and
35 degrees of freedom: tos, 35 = 2.724
1. How important and feazible do vou consider the real-time Development Information

Integration (DID capahility of CKLM to enhance the integration of development

information?

Testl The importance of the real-time Development Information Integration (DII) cap ability of

CEKLM to enhance the integration of develop ment mformabon.

Hp The importance degree 13 not larger than 3.
H, The importance degee 5 larger than 3,

X -3 1306

4 0390

Hp The importance degree 15 not arecr O

H, The importance degree 13 large dhagp &
X -4 0306

ok (1,350

t 2837

Eesult Eegcting Hy, which implies the importance degee of 01 15 significantly aboye d

T he feazibility of the real-time Develop ment Information Integration (DII) capahiliy of

CELM to enhance the integration of devalop ment informabon

Hy

H; The feasibility degree 13 larger than 3,
X-31 0839
ol

L

DELE
£.79%
Eesult Eejecting Hp, which implies the feasibiity de geee of Q1 13 s1gnificantly abowe 3

T he feasihility of the real-time Develop ment Informaton Integration (DIT) capahiliy of

CELM to enhance the integration of develop ment informabon.

Hp The feasibility degree 15 not larzer than 4
H, The feasibility degree is larger thand.
X-4 0111

I 0416

t 0,848

Eesult Accept Hp, which implies the feasibility degree of 01 1s not siznificantly above 4
T




02 .How important and feasible do wou consider the knowledge feedback capability of

CELM toenhance the post-project review between projects?

The imporiance of the Jmowledge feedback capability of CEKELM io enhance the

postp rojecirerisw hetwesnprojects.

Hy The importance degree 15 not larger than 3,
H, The importance degree 1s larger than 3,
X-3 1417

5 036

t 14.083

Eejecting Hy, which implies the importance degree of 02 15 significantly abowe 3
The imporiance of the Jmowledge feedback capability of CEKELM io enhance the

p o2 tp rojeci revisw b etw esn projecis.

Hp The importance degree 13 not larger than 4
H; The importance degree 15 larger thand,

X -4 0417

gt 0364

e of 1215 slenificantly above d

rof CKLM io enhance the post-projeci

X3 0917
e 082
t 6068

Eejecting Hp, which implies the feasibiity de gree of 02 13 s1gnificantly abowe 3
T he feazih ility of the knowled ge feedhack capab ility of CKLM t0 enhance the post-projeci

review hatwesn p rojacts.

Hy The feasibility desree 13 not larser thand

H; The feasibility degree 15 larger thand,

X-4 0083

5% 0821

t 0,552

Eesult Accept Hp, which implies the feasibility degree of U2 15 not significantly above 4
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3. How important and feasible do vou consider the knowledge recalling capability of

CELM to enhance the reuse and utilizing of development knowled ge?

The importance of the knowledge recalling capahility of CELM ito enhance the reusze and

utilizing of develop ment know led e,

Hy The importance degree 15 not larger than 3,
H, The importance degree 1s larger than 3,
X-3  1am

5 0428

t 13506

Eesult Eejecting Hy, which implies the importance degree of 03 15 significantly abowe 3

The importance of the knowledge recalling capahbility of CELM io enhance the reuse and

utihizmg of devebpment kouow led e,

Hp The importance degree 13 not larger than 4

H; The importance degree 15 larger thand,

¥ -4 04m

& 0428 & N,
t 433 E[5)

ot

13 13 s1anificantly ahove 4

¥y of CKLM 1o enhance the reuse and

X3 1 056
e 01525
t 2 009

Eesult Eejecting Hp, which implies the feasibiity degree of 03 15 significantly abowe 3
T he feazibhility of the knowled ge recalling capability of CKLM 1o enhance the reuse and

utilizing of devebpment kowow led ma.

Hy

H; The feasibility degree 15 larger thand,
X -4  0psa
I

f

D525
0422
Eesult Accept Hp, which implies the feasibility degree of O3 1s not siznificantly above 4




Q4. How important and feasible do vou consider the real-time knowledge refining capahility

of CELM toenhance the concurrence of development thythm?

The importance of the real-time knowledge refining capability of CKLM to enhance the

concurrence of d evelop ment rhythm.

Hy The importance degree 15 not larger than 3,
H, The importance degree 15 larger than 3,
X-3 1250

5 05593

t 9741

Eejecting Hy, which implies the importance degree of 04 15 significantly abowe 3

The importance of the real-time knowledge refining cap ability of CKLM ito enhance the

concurrence of d evelop ment rhythm.

Hp The importance degree 13 not larger than 4

H; The importance degree 15 larger thand,

¥ -4 0280

& 0593 & N,
t 1948 E[5)

which implies the 1mporance deare 15 not slenificantly above 4
o,

apCHancE seger o b
| 4 i g
The feazihility of the real- ke o led g, ri@figing capahility of CKLM to enhance the

concurrence of d evelopment

X3 0722
e 0 563
t 530

Eejecting Hp, which implies the feasibiity de geee of 04 13 s1gnificantly abowe 3
T he feazibhility of the real-tme lnowledge refining capabhility of CKLM i0 enhance the

concurrence of d evelop ment rhythm

Hy The feasibility desree 13 not larser thand

H; The feasibility degree 15 larger thand,

X-4 027

5% 0563

t -2.046

Eesult Accept Hp, which implies the feasibility degree of 04 15 not significantly above 4
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5. How important and feasible do vou consider the real-time knowledge refining capahility

of CELM to enhance the concurrence of developing decision?

The importance of the real-time knowledge refining capabiliiy of CKLM to enhance the

concurrence of develbping decixion

Hy The importance degree 15 not larger than 3,
H, The importance degree 1s larger than 3,
X-3 133

5 (0457

t 11.832

Eesult Eejecting Hy, which implies the importance degree of Q5 15 significantly abowe 3

The importance of the real-time knowledge refining capability of CKLM ito enhance the

concurrence of develbping decision.

Hp The importance degree 13 not larger than 4

H; The importance degree 15 larger thand,

¥ -4 03n

& 0457 & N,
t 2058 E[5)

ot 15 13 slenificantly above 4
- capability of CKLM io enhance the

X3 0233
e 0714
t L316

Eesult Eejecting Hp, which implies the feasibiity de gree of 05 13 s1gnificantly abowe 3

T he feazibhility of the real-tme lnowledge refining capability of CKLM i0 enhance the

concurrence of develbping decizion

Hy

H; The feasibility degree 15 larger thand,
X -4 017
I

f

i0.714
-1.1483
Eesult Accept Hp, which implies the feasibility degree of 05 1s not siznificantly above 4




Q6. How important and feasible do vou consider the real-time & centralized web-baze
interface of CELM to reduce problems of large number of pecple involved and

eceraphic limit of meeting?

The mporitance of the real-time & centralized web-bare interface of CKLM 10 reduce

prohlems of large number of peop ke involred and geographic limit o f mesting.

Hp The importance degree 13 not larger than 3,

H, The impotance degree 15 larzer than 3.

X-3 147

S 0828

t 970

Eesult Eejecting Hy, which implies the impoctance degee of Q6 15 s1gnificanty above 3

The mportance of the real-time & centralized weh-hase interface of CKLM 10 reduce

prohlemsz of large numb er ofpeople involred and geograp hic limait o f mesting.

Hy The importance degme is not lareer thand

H, The importance degree is large: thand 0
X-4 04w

i 0.828

a3 11%
o2 1150
t 6571

Eesult Eejecting Hy, which implies the feasibility de gree of 06 13 significantly above 3
The fearibility of the real-time & ceniralized wehbh-hare interface of CELM 10 reduce

probhlemzof large numher of pesple nvolred and geographic imit of meeting.

Hy The feasibility desree 13 not largzer than d
H; The feasibility degree 15 larger thand,
X-4 01w

5 1190

t 1 [0

Eesult Accept Hy, which implies the feasibility degree of 06 1s not significantly above 4
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7. Overall speaking, how important and feasible do vou consider CKELM to enhance the

concurrency of Development Information Integration (D7

The importance of CKLM it enhance the concurrency of Development Information

Integration {(DII).

Hy The importance degree 15 not larger than 3,
H, The importance degree 1s larger than 3,
X-3 1306

5 (0447

t 11719

Eejecting Hy, which implies the importance degree of 07 is significantly abowe 3

The importance of CEKELM io enhance the concurrency of Development Information

Integration {(DII).

Hp The importance degree 13 not larger than 4

H; The importance degree 15 larger thand,

¥ -4 0308

& 0447 & N,
t 2743 E[5)

Fejecting of 17 13 slenificantly above 4

The feazibility of CKLM

rrency of Development Information

Integration {DII).

Hp The feasibility degree i3 not e o

H, The feasibility desree 13 larzer than 3,
X -3 0972

4 0556

t 700

Eejecting Hp, which implies the feasibiity de geee of Q7 13 significantly abowe 3

The feazihility of CEKLM 1t0 enhance the concurrency of Development Information

Integration {DII).

Hy The feasibility desree 13 not larser thand

H; The feasibility degree 15 larger thand,

X-4 0028

5% 0556

t 0,206

Eesult Accept Hp, which implies the feasibility degree of 07 1s not siznificantly above 4




8. Overall speaking, how important and feasible do vou consider CKELM to enhance the

E&D project collaboration?

Testl | T he importance of CKLDM 10 enhance the E& D project collab oration.

Hp The importance degree 15 not larger than 3,
Hi The importance dezvee 15 larger than 3,

X -3 136

g* 0523

t 11292

Eesult Eeiecting Hp, which implies the imporfance degee of Q8 13 s1gnificantly aboye 3

The map ortance of CELM 10 enhance the R& D project collahoration.

Hp The importance degree 13 not larger than 4
H, The importance degree 1s larger than d,

X -4 036l

i 0523

t 2 9

Xty 0778
e 0552
t S510

Eesult Eejecting Hp, which implies the feasibility degeee of 08 13 significantly abowve 3
T he feazih ility of CKLM to enhance the E& D p roject collabo ration.

X -4 0232
e 0 550
t 1603

Eesult Accept Hp, which implies the feasibility degree of U# 13 not significantly aboye 4
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