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Fig ・ 3@ Trends@ in@ TSL@ in@ Japan ， s@ Major 
Manufacturing@Industries@(1981-1997)     
[nde Ⅹ「Ⅰ 981 々 = 1 

    

                
                    

  
        
      

Fig ・ 4@ Trends@ in@ Assimilation@ Capacity@ of@Japan's 
Major@ Manufacturing@ Industries@ (1981-1995)@ ， 
Inde Ⅰ     1981 % 1 

By@ combining@ with@ some@ empirical@ analyses ， these 
observat@   ns@suggest@the@f0lowi   g@hypotheti   3@   v Ⅰ   w     

(i)  R&D  intens 吋 けゆ or  がり， the  margina@ 
productivity@ of@ technology@ (MPT) ， technology 
subs Ⅰ     tuti   n@ for@ Ⅰ   bor@ (TSL),@ and@ asSmi Ⅰ   ti   n 
capac 血 は O  co 斤 eIate  with  each  other 
constructing@ a@   comprehensive@ subtle@ system@ as 
iIlus 甘 ated  in  Fig.5   

K@@   Th@@   system@ has@ both@ posSUliti   s@ Ⅰ   ading@ to 
virtuous@ or@ vicious@ spin@ cycle@ between@ R&D@ and 
growth ， 

(iii)@ R&D@ intensity@ (r/v)@ plays@ a@trigger@role@ deciding 
this》ra@   ctory ， 

(iv)@ Due@ to@ its@ stagnation ， empirical@ analyses 
demonstrate@ a@ strong@ fear@ of@ vicious@ spin@ cycle 
between  R&D  and  ぴ oMh   

(v)@ Therefore ， in@order@to@avoid@this@fear ， optimal@R&D 
intensity@(r/y)@control@has@become@critical   

3.@ Construction@ and@ Solution@ of@the@ Opti   al@ R&D 

Investment@Control 

3.1ゝheヾystem｀odel 

To@ construct@ the@ dynamic@ model@ of@manufacturing 
and@R&D@i   vestment ， the@fol Ⅰ   Wng@vari   Ues@are@used:@y 

ユ ノ の : manu ぬ c れ旺 ing  pFoduc 伍 on; た Hme  trend;  ノ / ノ : 

change  Ⅱ ate  of  p ァ oduc Ⅱ on  whe Ⅱ e  ノ =  ゆ /d Ⅱ r  =  冗の / 

tec ㎞ o@ogy  ㎞ ow@dge  stock  (accumu@ted  R&D 
investment  r ㍉ r  ミグⅠ r(f):  change  in  tec ㎞ ology 

㎞ owIedge  stock  (approXimated  by  R&D  investmenth 
几 イ ソ ・・ R&D  intensi て y;X  Ⅰ =A, 八 Ⅰ， M, E Ⅰ :.production  f を ctors 

｜ Ⅰ 

上山 "" 毛     。 。 : 。 ぬ ;     
。 '" 。 生 ，生口。 " 

andTechnolo A ㏄ l 『 '"1" 。 。 。 坊 C"@ Spll 海 。 ' め り v" Ⅰ ' Ⅰ @ ノノ       ミ口 は     (MfP の 
      

MPT 
  

Rel<tlon>hip@behtoi@rIV@rod@MPT@hi@Japul ， l@Muluhcturklg@Induilry@(197i ， mi)     

                                  12151               

。 援 " 。 。 。 '""" 。 "" 。 ' 。 。 ' 。 '" 。 " 。   " レ " 。 '" Ⅰ ' 。 。 。 。 。 。 " 。 Ⅰ 1 。 。 "'"f""0981"199sl                 
Relation  (kip  bet@en  4@V  @n4  f  In  J@pni't  M@nuf>cturfa(  Indiiitn  (197S-1*K)   @di@ R:         

Fig ・ 5@Schematic@Representation@of@the@Relation@between 

R&D@Intensity ， MPT ， TSL@and@AC 

(labor ， capital ， materials@ and@ energy) ， which@ involve@ both 
俺 ctors  凡打 manu ぬ ctu ㎡ ng  and  R&D;  and X,i(= ん 7j  KT, 材 " 
E ， i):@factors@i   put@4recti   g@to@R&D   

The  c け ss 地引 product め n  丘几 ㎎ t め n  ト used  to  cons 血 ct 
dynam 卜 sas 飴 H № w 式 

ノニ F(t,{L 一 Lr),(K  一人， ),U け 一灯 rW Ⅱ E  一 E バ ， n)  (I) 

Assume@that@the@ functional@ dependence@ between@ the@ Lr ， 
K"  材 Ⅱ E,and  the  accumuIated  R&D  investment  「 is  given 
by  伍 nction  ofsubstj 抽 tion け pe: 

r 圭 「 (4,Kr,M,,E ア ) (2) 
二 min(h(Lr), れ (Kr,), れ ( Ⅳ r), れ (Er)} 
andtheinverserelationsexjst 

4  Ⅰ LT(r))=  4"(T),  Kr Ⅰ Kr(T) 士力 2¥(T)) 

材 Ⅰ 二 Mr(T) 二毛 -@T),  E, 二 Er(T)) Ⅰ わ 4-@T))  (3)2 

Dlfferentiat 而 g(l)bytime 「 andtak ㎞ g  而 toaccount(3), 

  

Here『e…an‖pproximately》reat t@〉 ， In〕ine『ith》he 
previ0usapproach  [5 ㍉ tec ㎞ ology  ㎞ owledgestock  in Ⅱ mer, 
n,canbemeasured  as 驚 Ⅱ ow: 

n, 二り   加 + 「 /- ん /Z,-7 (5) 
Z0= Ⅰ一 m 八タ + 円 ) (6) 
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where@r,-n,:@ R&D@ expenditure@ in@ time@ t-m;@ m:@ time@ lag 
between@ R&D@ and@ commercialization;@ p:@ rate@ of 

obso Ⅰ   scence@of@technology;@and@9:@increase@rate@ofr ， 

U 引 ng  T  穏 r  and  rew ㎡ te  (4)inthe 偽 Tm  o 丘 

ヱ ニアー p こ +9 こ (7) 
    
where  tems  reIated  to  the  product め n  ぬ ctors Ⅹ作毛， K, 
M  E ノ ， ef 驚 cts  o Ⅱ ns Ⅱ 山 t 泊 nal change  (e.g Ⅱ eam 市 g  and 
scaIe  e 比 cts)are  comb ㎞ ed  ㎞ to  飴 nction/ 

(8)   
decrease  in  manu ぬ ctur ㎞ g  due  t0  R&D  spend 而 g  拓 
什 ㍉ ， K 。 M7, 巧ハ scoIIected  into  億 nctton 戸   (9) 

increase  in  manu 俺 cturing  by  technol0gy  kno Ⅵ edge 
stock  is  described  by  the  margina@  productivity  of 
tec ㎞ 0logy ヮ 

(10) 
ワ ニワ (O  ニ 二万 F う テ 
the@control@parameter@r@stands@for@change@ in@technology 
knowledge@stock@T   

ColIecting  the  terms  れ @ かノ p,  れゆゾ q  whlch  depend  on 
the@control@parameter@r@into@the@net@contribution@by@R&D 
intensity  面ゆり g,  the  equation  飴丘 the  dynamic  con 廿 ol 
processcanbeobtained  as 飴 llow: 

と ニアー 9 こ (II) 
    

whereg=g の二戸の - ヴリン 0 (12) 

3.2@U Ⅰ     liy@of@the@System@Trajectory 

In@ order@ to@ formalize@ the@ goal@ for@ designing@ the 
contr0@   parameter@r@=@Ft)@and@i   di   ate@the@profit@ofR&D 
investment@ in@ the@ long-run,@ the@ utility@ function 
represented@by@the@present@ value@of@the@consumption@of 
the@invented@products3@with@the@discount@coefficient@77@is 
considered   

ト ， ドーⅠ ピ " 仲 " 。 ln  D(s) ぬ (13)   (14) 

ノ 受れ・ ズ (7 入ノニノ Ⅰ 5% 川 二れ (5) (15) 

れ二れ (s) Ⅰ 旋角 r め ， r 臣 r(s 入ア Ⅰ r(s) (16) 
whe Ⅱ e  D 佃り :  demand  伍 nc 杭 on; タ   ・ mming  百 m 巳 t.. the 
in れ ial Ⅱ me;/.. cu 斤 ent indeX  0f  innova Ⅱ ve  good メ スは /.. 
consumphon  o す b Ⅱ and/  innova Ⅱ ve  good 巳れ白ノ   ・ numbe ァ 

o す ava Ⅱ ab@  va Ⅱ e Ⅱ esat Ⅱ me 銭は ・・ pa ァ amete 丘 ofe@ashc@y 

of  substitution  between  any  two  innovatlve  goods  ( あ 
ど 二 Ⅰ / ⅠⅠ - もと ゾエ andP/, 月 2..e@astic れ ieso Ⅰ グ and  Tto れ ・ 
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Combining@ (14) ， (15)@ and@ (16) ， the@ following@ demand 
function@can@be@obtained     

      
    ノ ・ れ " (17) 

FFom  equa 廿 on  (5)wecanget れ nI0wing  泊 mu@a     

T,-z,-7=  サ乃 -7 千り -m (18) 
WhentisIongenoughto  saHs ゆアン t- Ⅰノ ン加 一 /, 

Ⅰ r Ⅰ - 夕 r 十 Ⅰ ( イ r.. ガ刀海り (19) 

Solve@the@differential@equation@(19) ， 

  (20) T(t) 二百舌 +  g-P け - 円， 几 (1-  把 - い ") 
where  ひ ・ theaverageincreaserateof イウ   

Underthecondition  to-l +  m  毛 0 

(21) 
T(t) 定ヰ タ + 戸   (22) 

ルれ = ばれ う - 月 2 ル Ⅰ 併 めり千仏片月 りルグ (2% 

Combining  (13 几 (17)and  (23),the  ぬ @owing  eXp Ⅰ es 引 on 
椅 rtheu ⅡⅡ ty  魚 nchon  canbeobtained: 

び，， Ⅱ 。 - 小 - 。 (ln ノ +L 旦 Ⅲ nb 一 p2ln 色 +p)) (24) 
十 (P,+ タ s)@nr)) ゐ 

3.3@The@Analytic@Solution@of@the@Model 

The@Pontryagin;s@maximum@principle@[3]@is@used@to@solve 
the@ classical@ optimal@ control@ problem@ constructed@ by 
dynamics(l2)andutility  億 nct@on(24).Thema@n  eIementsin 
theanalysisareHam Ⅲ onian  H  andtheadjointvariabletff,. 

The Harm 山 onianhasthe ぬ血 

H  ( ノ，孔げ ) 二 @n ノ + L 旦 ((lnb-j3,@ 「， (0+P)) 
ぽ 

(25) 

+  田 +  タ， )lnr)+  川ル一㌣ ) 
andrepresentstheut Ⅲ tyflow. 

Itsmax@um  byparameter ハ sdeter ㎡ nedby     

口 の H  グは 一 l-  は (P@ +  ル ㌧ ) 一一 9 げ =  0 (26) 

So  れ smaXimum  v 引 ue 泊 an 引 nedattheop Ⅱ m 引 R&D 
investmentr" 

r 。 一 一 一は円 l 十月㌧ (27) 
ぽ g げ 

げ侭 margin 引 phceofproduc Ⅱ on ノ expressedas げ Ⅰ 8W  7 秒 

where@W@is@optimal@value   

Halmiton-Jacobi@equation@depicts@that@a@trajectory@of@the 
optimal@position@can@be@expressed 

67  8W (28) 
孝十 H  ( ノ ， r, 驚 ) 二苦 十 H( ノ ， r, り 0  %  0 
Optim 引 tr 勺 ect ㎝ 丁 w れ hrespectto ノ聴 
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(29) 

Ut Ⅲ ty  仮 Ⅲ ch0n  (24)  「 eq ㎡ res  the  偽 Ⅱ ow@g 
HamiIt0n 油 n  ㎞ ad 山 t め nt0  theHamiIto ㎡ an(25): 

H  "( ノ ， r, ㍗ ")  =  e" り (""   ') 0n ノ 千ヒ 旦 ㏍ ln も一ノ ,ln( タ 十月 り 
  

十 (Pl 千 万㌧ )@n グり十げ   ( ル -  9 り 

(30) 

UndertheoptimaI け心 ecto り condition  互生二三ヒ二百 0 ， 
6r  6r 

(31)   
8H  . 一 e- 市 刊 Ⅰ +.f@ 『・ 二 0 (32) 
8y   
  げ二 e               り 『 (33) 

(34)   

Assum り石 n  anopt@a@tra4ecto り i ㎡ 29), 

(35) 
孝一ヂ 8 ・ 監二 ・ ⅠⅡ 脾 - 中 ， - 叩け <?-%- ル   (35) 
From  equation Ⅱ 34)an Ⅱ 35), 

(36) 
H る ル =  ワノーげ 
There 飴 re, fordynamics  ofthe  conjugate  variable  げ 
onecancomposetheadJointequation: 

9H 
り Ⅵ一一一 l  グ げ (37) 

げ Ⅰ ヮげ -%  二   

Combining@ equations@ (12)@ and@ (26) ， and@ changing 
(37) ， the@ following@ closed@ system@ of@ differential 
equations  are  obtained     

  (38) 
Z, ノ グー L ㏄ 旦け，ゆ ， ト 一 ソ ㍗   (39) 
  ノげ 

Introducing@notation@z@ =@y¥ff@for@the@production@cost 
and@summarizing@equations@(38)@and@(39)@the@following 
differential@equation@is@obtained     

                L 三け ， +A,)+I   (40) 

By  so@ving  this  dif ね rential equation, the  ㎝ owing 
equati0ncanbe0btained: 

  

(41) 
z 二 z( Ⅰ ) 艮一     L 旦け， +p,) Ⅱ 
Substituting@solution@(41)@into@optimal@control@(27) ， 

the@relation@between@the@opti   al@investment@r@and@the 
optimal@production@y@is@obtained     

グ二 
    (42) 

ど一 l+  ( 月 ，十タ ， )         
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ア   ワ ー " """" (43) 
ノ 笘 

Equation@ (43)@ suggests@ that@the@ optimal@ R&D@ intensity 
depends@on@the@elasticity@of@substitution@s ， the@discount@rate@77 
and@the@discounted@marginal@ productivity@ of@technology@g ， 
and@is@ Ⅰ   v0@   increases@as@s@and@g@decrease@and@77@increases   

4.@Concluding@Remarks 

K)@ IncreaSng@ si   Ⅱ     ficance@ of@ optim@@   R&D@ control@ Ⅰ   
identified@ by@ demonstrating@ the@ stagnation@ of@ R&D 
intensity ， marginal@ productivity@ of@ technology ， 
technology@ substitution@ for@ scarce@ resources@ and@ a 
decrease in assimilation capacity leading》o a vicious 
cycle@between@R&D@and@growth   

(ii)@ On@ the@ basis@ of@a@ concept@ of@constructing@ a@ virtuous 
cycle@tr8ectory@between@ R&D@ investment ， technology 
stock@and@economic@growth ， a@R&D@investment@model 
based@ on@ the@ optimal@ control@ theory@ postulated@ by 
Pontryag@   @   constructed》o《ati   fy…ustomer's》astes’or 

diverSty@@@   consump Ⅰ     on   
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