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1@C2@ Product@Development@Challenge@in@IT:@going@through@uncertainty@and@complexity 

O  O1o ㎞ AI ㎞ i,  Fumio  K ㏄ ama  (meUniversityofTokyo) 

Introduction 

Product@development@@@   a@criti   @@   phase@in@the@techno Ⅰ   gi   @@   innovation@process@of@an@i   dustry ・ A@deeper@understanding@of 
the@characteristics@of@each@industry@is@a@perquisite@to@applying@the@relevant@strategic@management@tools ・ In@this@respect ， IT 

seems@to@be@evolving@in@a@radically@new@innovation@pattern@compared@to@other@industries ， Many@analysts@describe@the@high- 
tech@environment@in@terms@of@its@uncertainty@and@complexity ・ However ， very@few@have@6sti   ctly@characterized@these@factors 

nor@measured@and@provide@empirical@ determination ・ Uncertainty@is@ defined@ @@   terms@of@a@ combination@of@techno Ⅰ   gi   al 
innovati   n@cycles@and@the@changing@market@share ， On@the@other@hand ， complexity@is@defined@@@   terms@of@the@problem-so Ⅰ   ing 
                                                                                                                                                                                              Empirical 
analysis@of@the@two@factors@shows@that@the@IT@industry@exhibits@a@higher@level@of@uncertainty@and@complexity@as@compared@to 
automobile@ industry ・ These@findings@suggest@that@managers@ and@strategists@should@adopt@new@modes@of@management@to 
succeed@in@the@highly@turbulent@IT@environment   

Secti   n@1:@Characterization@and@emp Ⅰ   i   al@determinati   n@of@uncert4nty@@@   IT 

Relative@turbu Ⅰ   nt@environments@would@cert@nly@in Ⅰ uence@product@devCopment'@   A@turbu Ⅰ   nt@environment@would@depend 
on@two@ Ⅲ 8in@factorS@     one)@the@speed@of@technological@innovation,@and@two)@the@stability@of@the@technologic3@   environment   

These@two@factors@might@be@inter-inked,@the@evoluti   n@of@one@factor@might@influence@the@other ・ The@combinati   n@of@the@two 

factors@might@make@a@product@environment@unpredictab Ⅰ     

1.1.@Technological@innovation@cy Ⅰ   es   
                                                                                                                              It［ight《how”ow’ast‖》echno Ⅰ   gy（s｜rought》o 
市 em ィ ketand  how  rapid  itsobsolescencewouldbe. 
A  sho れ c ァ p て oduct Ⅱ た cycIe  imp Ⅱ es ぬ ste て tec ㎞ l0logicaIdi 伍 usion,s ぬ nda で diza Ⅱ on,and  血 る %h け pehods.In  o 伍 e 旺 wo プ ds, 
thes 廿 ategy  used  to  develop  new  productsand  tec ㎞ oIogies ㎞ ghtdifhe ヰ depending  on  them 血 eofthetec ㎞ oIogy  and  i 侭 
product@life@cycle   

メ %0% は c Ⅳ mer 古 odofo 巴 
F0 ァ thePC3,in  o ァ de Ⅰ to  calculate  ぬ e  tec ㎞ 010gical ㎞ ovation  cycle  we  looked  atWo  I ㎡ n  coI 叫 0nentsrep Ⅰ esen Ⅱ ng  れ s 

core  tec ㎞ oIogies  used  in  ぬ e  PC  namely  the  InteI Cen 廿 aI Processing  Unit (CPU) and  Micros0 通 DOS  and  Windows 
Operating@Systems@(MS-DoS@and@MS-Wi   ) ， We@ca Ⅰ   u Ⅰ   ted@the@arithmet@@   mean@of@the@lie@cycle@of@each@component ， and 

the@gener@@   mean@representi   g@the@PC@product ・ The@observed@peri   d@was@from@1982@to@1998   
For@passenger@cars ， we@calculated@its@life@cycle@by@using@the@difference@in@time@when@a@full@model@change@of@a 

product@line@occurs ・ This@means@that@we@looked@at@the@situation@when@a@new@car@was@introduced@to@the@market@wih@major 
new@features ， such@as@a@new@type@of@engine ， body ， axle ， etc ・ A@sample@of@32@models@of@five@Japanese@auto-manufacturers4 
havebeen  s 血 died  d ば下 gapehod  丘 om  1980to  1997   

Thus ， we@calculated@the@average@life@cycle@of@a@product@line@and@then@the@arithmetic@mean@of@the@averages   

Results: 
Accordi   g@to@the@res Ⅰ   ts@presented@in@tab Ⅰ   1 ， it@@@   ob Ⅴ     ous@that@the@i   novati   n@cyc Ⅰ   s@@@   the@PC@sector@are@much@shorter ， 

more@than@half@compared@to@the@passenger@car@industry ・ As@a@preliminary@conclusion ， this@implies@that@the@speed@of@major 

i novations@@@   information@techno Ⅰ   gy@industry@@@   rel   tivCy@hi   her ， New@products@need@to@be@devooped@and@introduced@to 
the@market@@@   a@relativCy@short@time ， Re Ⅰ   ti   Cy@recent@products@become@obso Ⅰ   te@faster ， IT@firms@are@therefore@confronted@to 

bring@up@new@technological@solutions@in@a@relatively@small@period@of@time   
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Table@1@ Technological@Innovation@Cycle@Lead-time 
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1.2.@Stability@of@the@technological@environment 

Ⅰ れ fr の d 町 cfio れヰ 0 ァ 古せ co れ c 印ィク Ⅰ ど甘 0 ち下 仮沖 

The  envi て o ㎜ cnt 市 ata  tec № ology  isevolving  in  hasa  di て ectinnuence  on  the  productdevelopmentprocess. The  more 

unstable 山 eenv 叶 0 ㎝ nentisthe  moTe  difhcultitisto  take  adecisi0n  on  thecha て actehshcsofthep Ⅰ 0ductto  launch  in  the 

market ・ Policymakers@too@would@be@unable@to@make@predictions@on@a@long-term@basis ・ Besi   es ， the@more@turbulent@a@market 

i   .@deSgners@would@face@high@uncertainty@to@decide@on@the@fin3@   speCficati   ns@and@design@of@the@product@to@be@developed ， In     
メれ Ⅰ 抄ガ c0f  me 肋 o Ⅱ 010 ゑノ 

Thedatawascomp れ ed  based  on  m て ketshaFe  si ぬ a 百 on  in  Japan  fortheperiod  1983  t0  1997  %r ぬ e  PC  sectoP  and  丘 om 
1982@to@1997@for@the@passenger@car@sector6. 
We@ranked@the@firms@@@   terms@of@their@market@share                                                                                                                                 

two@consecutive@years                                                                                                                                               

R 俺は比 Ⅰ 
The@computed@results@in@fig ， l@show@that; 
1.@the@automobile@ industry@has@a@quite@linear@and@uniform@curve ， and@the@rank@correlation@coefficient@during@the@studied 
period@was@very@close@to@+1 ， where@the@mean@of@the@rank@correlation@values@is@0.98 ， therefore@no@major@changes@affecting@the 

market@share@environment@was@observed ・ 

The@ value@ of@the@ standard@ deviation@ is@ very@ small@ i ， e ・ 0.03 ， suggesting@ that@ the@ automobile@ industry@ is@ evolving@ in@ a   

2.@ On@ the@ other@ hand,@ the@ situation@ in@ the@ PC@ industry@ is@ very@ different ・ The@ results@ show@ that@ the@ raxik@ correlation 
coefficint@curve@of@the@PC@industry@is@very@uneven@and@fluctuates@from@one@year@to@year ・ Fims@which@have@performed@well   

firms@are@always@threatened@by@new@ones ， The@rapid@change@in@the@values@indicate@the@radical@changes@affecting@the@market ， 

Many@firms@are@loosing@their@lead@and@others@are@stepping@in@a@very@short@ti   e   
The@standard@deviation@is@relatively@high@i ・ e ・ 0.41 ， and@the@mean@of@the@rank@correlation@values@is@0.71 ， suggesting@that@the 

PC@industry@is@evolving@in@a@volatile@environment   

ど Ⅰ c ガ o 竹 co れ c ⅠⅡ タ io れ 

The  empiricaIresuIts  show  thatin  the  IT  indusW  tec ㎞ 0logicalinnovahons  cycles  have  shone Ⅰ cycles  combined  w れ h 
unstable@techno Ⅰ   gical@envionment@lead@to@an@uncertain@technolog Ⅰ   8@   envionment   
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Section@2:@Characterization@and@empirical@determination@ of@the@complexity@of@the@Technological@innovation@process 

De 兜れ珂 0 れ 0/com がとて f ゅ 
Despite@the@extensive@use@of@the@term@"complexity@of@technology" ， there@is@generally@no@accepted@definition   

Most@frequently@used@defiRti   ns@ of@complexity@characteri   es@ it@as@ a@group@ of@subsystems@ within@a@gener3@   system@that 
interact@CosCy@among@themsCves@and@are@non-decomposab Ⅰ   i ・ e ， the@3terati   n@of@one@subsystem@or@component@seriouSy 

degrades@the@functional@capability@and@performance@of@the@whole@system@8   

These@studies@focused@on@the@compoStion@of@specific@products@components ・ Therefore@a@ techno Ⅰ   gy@@@   sad@to@be@relativ0y 
more@complex@when@it@involves@a@large@number@of@components@that@are@intimately@linked ， for@example@a@car@which@usually 
requires20,000  t0  30,000  componentpartsand  mostofthem  arehighlydependantoneachother   

ノれ d ル erna ガ vedime 榔 io れ ofcom が 穏 カン 
The@ above@ exp Ⅰ   nation@ would@ not@ be@ useful@ to@ descFbe@ the@ Ⅰ   vel@ of@comp Ⅰ   xity@ of@diferent@ techno Ⅰ   gies@ in@ different 
industri   s,@ and@ do@ not@ necessarily@ lead@ to@ exp Ⅰ   in@ the@ way@ techno Ⅰ   gi   @@   prob Ⅰ   ms@ are             within a technological 

lm 。 VatIonp Ⅰ OceSs   

The@ new@ dimenSon@ requires@ the@ analyzes@ of@prob Ⅰ   m-so Ⅰ   i   g@ acti   ity@ of@product@ devCopment ， This@ activity 
                          the                                       of》echnological progress, and                   the technological regime followed by a   
Prob Ⅰ   m@so Ⅰ   ing                     has｜een『ell‥iscussed（n［any‖cademic〕iterature10.！t　   the‘ngine｛f〔nowledge…reation ・ It 

ⅡⅠ lghtbede 丘 nedasfolIows: 
/. ノ S ピ to ⅠⅠ 0 Ⅰ ひ rio れ Ⅰ 訪 0%e れ Ⅰ み 1 ㏄Ⅰガァ mto,   Ⅰ れ 0 ノ Ⅰ 招   

2. ⅠⅢ ea らガ Ⅰ か 0 Ⅰ打刀 rmtoco ク lew@thcompl ヒヱ l   ゆ ・ 

3.  ℡ e  C クダロわ り l   か 0 ア ロ バド m  to  i れ招ど ⅡⅠ陀仏 ヒ招 roge れ neo ぴ 、 s0 「 ん Omoge れ teo け Ⅰ ノ J はみ Ⅰ ノざブ emS  to  丘 lh ど w 方 O Ⅰ eS ノざ 「 em   

The@problem-solving@activity@has@been@originally@used@to@describe@traditional@industries@such@as@automobile@and 
e Ⅰ   ctronics@ where@ the@ techno Ⅰ   gy@used@ @@   the@product@ @@   most@of@the@ time@ propri   tary ， and@where@ the@ development@and 

producti   n@of@the@utimate ・ product@and@its@components@usual Ⅰ   depends@on@the@ Ⅰ   adi   g@firm ・ s@own@network@(which@@@   usual Ⅰ   
the@manufacturer) ， This@kind@of@network@structure@is@called@"vertical"   

On@the@other@hand,@in@the@case@of@IT@especially@with@the@emergence@of@the@personal@computer,@the@development@and 
production@of@the                                                           る Ⅱ ymn 。 イ neon 。 he leaIdershlp of 。 neflr 血                         the 丘 rmthat 
produces@ a@ PC@ @@   not@ab Ⅰ   to@ contr0@   the@ deSgn@ and@ devCopment@acti   iti   s@ of@8l@ components@ i   tegrated@ in@the@PC@ as 
Ⅱ lustratedin 丘 g.2   

Therefore@there@is@a@need@for@the@firm@to@i   terface@with@many@other@components@and@firms@not@av8     Ⅰ   b Ⅰ   within@its@control ， 

This@type@of@network@structure@is@called@"horizontal"   

A@product@ is@ horizontally@ integrated@ when@ its@ design ， development@and@ manufacturing@ depends@ on@a@group@ of 
heterogeneous@ standards ， e ・ g ・ PCs,@ Networking@ Products ， Therefore ， the@ devCopment@of@these@products@ would@ in@most 

cases@depend@on@factors@external@to@one ， s@firm@network ， thus@interoperability@(the@ability@of@a@system@to@communicate@and 

work@with@another)@between@components@@@   one@of@the@major@comp Ⅰ   x@prob Ⅰ   m-so Ⅰ   i   g@acti Ⅴ     ty   

The@i   teroperabiliy@comp Ⅰ   xiy@prob Ⅰ   m@is@relativCy@very@acute@in@the@IT@sector@Snce@the@techno Ⅰ   gy@and@is@respective 
standards@are@evo Ⅰ   ing@so@fast@that@it@leads@to@Lgh@levC@   of@i   stability@and@uncert3nty ・ 

The@level@of@technological@complexity@would@depend@on@the@structure@of@the@firm ， s@network@and@the@nature@of@the 
ensuing@problem-solving@activity 、 

The@more@it@controls ， the@ more@ it@has@the@ability@to@keep@the@development@of@its@products@ within@it ， then@relatively@less 
problem-solving@complexity@would@ensue ・ Since@IT@network@is@different ， I@would@suggest@to@use@the@notion@of@"Horizontal 

Integrated@Problem-Solving"@for@industries@involved@in@an@horizontal@type@of@network@versus@"Vertical@Integrated@Problem- 
Solving"@for@industries@involved@in@a@vertical@type@of@network   
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Em 卍 ㎡ c Ⅳ verl が c 硅 ion  o/f ぬ ne ゆ 0%  井川 c 「 u 旭 0 れ d  i ぬれ ガ兜 cdtio れ o ダ tAecom が は丘ゆ fe"ef 
Funhert0  the  above  denniti0n  ofthe  価 m  ,snetwofk,a  questionnaife  wassentto  20  市 msconsisting  of  l0  passengercar 
manufac 憶 rersand  l0  PC  rmnufacmrers. 10  皿 mSresponded,i.e.5  位 0m  theaut0mobileindus Ⅰ y  and  5  from  thePC  sector. 
We@listed@the@main@components@representing@core@technologies@     of@each@sector ， and@then@we@asked@each@firm@to@put@a@check 
mark@against@each@component@they@generally@control@through@the@design ， development@and@manufacturing@process ， and@to 

  

化俺 劣化 5 

We@ca Ⅰ   ulated@the@aTthmet@@   mean@of@each@process@for@each@firm@and@then@the@overal@a Ⅱ     thmet@@   mean@for@the@ industria   

sector@of@the@responding@firms   

Since@only@the@values@1@and@0@are@used ， the@resDts@obtained@were@between@these@values ・ 

The@more@a@firm@controls@its@network@the@more@the@value@is@close@to@1 ， implying@less@technological@complexity@(see@fig ， 3)   

The@empirical@results@show@that@the@automobile@industry@concentrates@all@of@its@processes@within@their@respective 
firms'@network                                                                                                                                                                                                 
The@degree@of@the@firm@network@control@ Ⅰ   vel@is@relatively@ Ⅰ   w@at@0.30@for@the@PC@sector@(see@tab Ⅰ   2)@compared@to@0.80@for 
the@automobile@industry@(see@tab Ⅰ   3)   

Section@sonclusion 
It@@@   clear@from@this@result@that@the@PC@sector@has@less@network@contr0@   and@consequent Ⅰ   a@Hgh@ Ⅰ   vC@   of@problem-solving 
complexity ， 

Therefore@we@may@forward@that@the@IT@@@   characterized@by@a@hgh@ Ⅰ   vel@of@techno Ⅰ   g4   @@   comp Ⅰ   xity   
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 Ta Ⅰ   e@3:@ PC@sector's@firm@ network@contr0@   level 

                      Toshiba | IBM゛apan | NEC | Sharp |                       
DeS     en I@ 0.44@ I@ 0.33@ I@ 0.56@ I@ 0.22@ I@ 0.11   0.44 

DevCopment 0.1l 0.33 0 ． 56 0 ． 22 0.1 1 0 ． 33 

P ブ OdUCtion 0.22 0.33 0 ． 56 0 ． 22 0.11 0 ． 37 

0.26 0.33 0 ・ 56 0 ・ 22 0 ・ 1 1 0 ・ 3R 
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Conclusion 

The@cumulative@factors@@@   the@computer@industry@of@relatively@short@technol   gic4@   innovati   n@cycles ， unstab Ⅰ   and@turbulent 
environment,@combi   ed@with@a@volatile@market@suggest@that@the@IT@i   dustry@@@   characterized@by@a@re Ⅰ   tivCy@hi   h@ Ⅰ   vC@   of 
uncertainty ， The@greatest@ch4lenge@therefore@@@   to@adapt@continuouSy@to@a@combi   ation@of@re Ⅰ   ti   Cy@high@uncert3nty@with 
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