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3. Diffusion of Technology
3.1 Epidemic Function

Diffusion trajectory of innovation, innovative goods and also new
products resemble to diffusion process of an epidemic disease which
can be depicted by the epidemic function (Verhulst, 1845).

Y(t)
A
PFYERRULST.
Logistic function Pierre Francois Verhulst (1804-
1849) Mathematician in Belgium
Epidemic function Mathematical Researches into the Law
N -------------------------------------------------------------- Of Population Growth Increase (1845).
N
Epidemic function : Y (¢) = —
1+ be
N . . .
> Y (t) : Diffusion level at time t
N : Upper limit of diffusion (Carrying capacity)
a : Diffusion velocity
N b : Diffusion level at initial period
1+b >

Inb Changed notations
a N(@) = Y(©)
Fig. 1. Comparison between Logistic Function and Epidemic Function. NN 4



(1) Development of Epidemic Function

1. Epidemic disease diffuses proportional to potential

Upper Ilmlt Of dlssemlnatlon CapaCIty Of dissemina‘[ion
(carrying capacity)
a'(N-Y) where a’: coefficient
N
N-Y : L : : :
2. Increase of epidemic disease N during the unit period dt
Potential capacity
of dissemination Y dY = [a' (N — Y)] Y- dt
3. Develop this balance
i Level of JY y
Issemination = '
of epidemic EzaY(l—ﬁ) where a=a'N (21)
disease
4. Solving this differential equation leads to the following
logistic growth function (epidemic function) illustrating
a sigmoid curve:
Fig. 2. Diffusion Process of Epidemic Disease. Y = ——  where b: coefficient  (22)
1+ be™
ﬂ:—-AY:a‘Y(N—Y), £:a'(N—Y), = (N_Y), AX:—N'[fY, el ::a’(N—Y):a'YX::—lAX, aki Lt
dt Y Y Y Y N X X dt
1 , : . , . Y N N .
j}dX:J‘—a Nt WY @Wipy @ip) X o2 L L, - P 5



(2) Structure of Epidemic Function

dY Y N
—=ay(1--) Y(t) =
dat N 1+ be™™
N
. Cumulative stock Y
2
aN
day — *
i' P \
—dt-——
1+b Y

a

Fig. 3. Diffusion Trajectories of Epidemic Disease by Increase and Cumulative Stock.

(3) Fisher-Pry Transform

oY1 peio 1= at—lnbzlni
N 1+be™ F 1-F
(4) Identification of Carrying Capacity
dY dY Y(1")
time t when 2= — ; =aY(t")( N = Y(t#) =N

dt’”



3.2 Application of Epidemic Function

The social and economic operation of our society can be decomposed in a very large number of sub-diffusion
processes summing up into an almost inextricable whole (Cesare Marchetti, 1996).

Wolfgang Amadeus Mozart (1756-1791) Robert Schumann (1810-1856)
Cumulative number of Cumulative number of
compositions published compositions published
r———— - - ————————————— = 160.
600 Dleath _.-=""
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orn e
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....................................................... "
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The best-fitting S-curve implies 18 compositons “ missing “ be-tween -The-publication of Schumann-‘s-compositions. The fitted curve begins around
1756 and 1762. The nominal beginning of the curve---the 1% level-points 1826 and aims at a ceiling of 173. Schumann ‘s publications reached 170,
at Mozart‘s birthday. The nominal end the 99% level indicates a potential sixteen years after his death.

of 644 works.

Albert Einstein (1879-1955)

Cumulative number of
publicalions

280
240
200
160

120

80

40 1% -/
Born
o ¥ l

1880 1890 — — 1910 1920 1930 1940 1950 1960

Einstein ‘s cumulative publications and the best-fitting S-curve.
The fit indicates 13 publications “ missing “ between the beginning of the curve,
1894, and Einstcin ‘s first publication in 1900. The ceiling is estimated as 279.

Fig. 4. Epidemic Process of Mozart, Schumann and Einstein. 7

Source: Theodore Modis, Prediction (Simon & Schuster, New York, 1992).




Cumulative number of papers Death (1955)

(Carrying capacity) 3
Y 7,
] 7. — -
280 -
240 - N =
Y = T —at “1894: Published 1% of whole papers in his life at the age of 15 years
1+ be ™
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160 - 1905: Special relativity
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Fig. 5. Einstein’s Epidemic Trajectory by Cumulative Number of Papers (1879-1955).

Source: Theodore Modis, Prediction (Simon & Schuster, New York,1992).



3.3 Variation of Diffusion Function
(1) Simple Logistic Growth Function (SLF)

YO _ v —%

(23)

Y(1): Diffusion level of innovative goods at time #; N: Upper limit of diffusion level (carrying capacity); a: Coefficient

N
Y(£)=——~
®) 1+be™
20 EAY(t)=a(1—M
Y(t) Y() N

a governs diffusion velocity.

Diffusion level at the initial timing.

N N
Y(0)=— h=—— —
©) 1+b Y(0)

b indicates initial level of diffusion.

24)
= 0, 4
dt . 1
. aN b | 0y 1
e
aN

- (2obe i




Bi-polarization Diffusion Trajectory

V="
dt
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Case 1: GDP per capita vs Marginal productivity of investment per capita

Luxembourg

y=a'-MPi

GroupB&C: |
Norway ' virtuous cycle i India

Switzerland

O e | Group A: vicious cycle
Netherlands |
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FE nced

anada

Icef_’and )
United Kingdom
Spain
Greece
New Zealand
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Fig. 6. Development Trajectory of Investment induced by GDP of 37 Countries (2009).
11



Case 2: Advancement of ICT vs Marginal Productivity of ICT

<€—— 1010 Aanonpoud [eulbaey
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Fig. 7. ICT Driven Growth Trajectory in 40 Countries (2009).

V=F(X,I)

AV _

v o “ox X a vV “ox x oY
oY Y 1
—=a¥Y(l-=)=aY(l———
ol ( Y) ( FD)
FD{ - a_Y N M Advanced
ol V economies
vt > 11
FD1 = 6_Y N ﬂ Growing
ol |14 economies
2

Vel

-

Global co-evolution with emerging economies
MOP (Middle of the pyramid), BOP (Bottom of the pyramid)

Frugal engineering 12



Three Dimensional Constitution and Hierarchical Structure of Institutional Systems

1. National strategy and socio - economic system

A~ 1.1 National strategy N
' 3.1 Geographical structure ) 1.1.1 Democracy
1.1.2 Constitution, Law, Regulation, Standard, Manner
3.1.1 Geopolitical environment .
ke . 1.1.3 Separation of the three powers of 1. Each l‘eSpeCthe level of
3.1.2Population A ion, Legislatiop and . . . N
H N - institutions incorporate three
3.13¢ t 8 Gini index 1.2 Social system d R 1 ¢ ¢
3.2 Culture and Tradition 1.2.1 Education system 1mensional structure.
3.2.1 Culture, Custom and Common idea 1.2.2 Employment system
o . ) 2. In order for the property emerge,
3.2.2 National spirit, Moral ethic, Manners and Customs 1.2.3 Infrastructure investment . .
3.2.3Religion 1.3 Economic system three dimensional components at
3.3 State of development 13.1GDPandGDP per capita the lower level should interact with
3.3.1 Rapid economic growth 1.3.2 Trade- based nation, Export and Import those at the hlgher level.
J

3.3.2 Mature economy .  133Tech- based nation, ICT and Government ICT

3.3.3 Diminishing population and Aging trend . . .
3.4 Paradigm and phase of industrial sodiety 2. Entrepreneurial organization and culture A

3.4.1 Indust . society, Inform. society, Postinform. g€iety -~ ~
3.4.2 Heavy and chemical industrial struct 2.1 Strategy and Business model 2.3 Structure
k 3.43 Knowledge intensified industri _) 2.1.1 Vision and Business strategy 2.3.1Entrepreneurial organization
2.1.2 Business model and Market policy 2.3.2Affiliated firms Wor]_d ]_eve]_
3. Historical perspectives 2.1.3 R&D and ICT 2.3.3 Foreign capital
pr— 2.2 Employment, Promotion and Training 2.4 Doctrine, Philosophy and Ethics
socio- econamic system 2.2.1 Appointment 2.4.1 Business doctrine and Culture .
V\ 2.2.2 Promotion 2,42 Philosophy and Ethics National level
Entrepreneuria 2.2.3 Training 2.4.3 Corporate governance
/4> organization and LN -~
culture
wsorcapasponene Regional level
3 Dimensions of Institutions

Industry/Sector level

Firm/Acad./Rese. Inst
level

Consumers N Coevolution
Innovators Specific Tech. level between
hieralchy

Sources leading to bi-polarization Tnventors

v

- Institutional innovation

Invention becomes innovation when the invention becomes a
commercial product, which in turn becomes a successful product

when consumers by it. 13



(2) Bass Model (F.M. Bass, 1969) — Diffusion with innovator (leader) and imitator (follower) dynamism
=) Diffusion in open innovation

1) Model Structure

dY(?)

=P(t)+0(t) where P(?): innovator, and Q(?): imitator.
Y (1) . . .
P(t)= p(N-Y(2))= pN(l _T where p: innovation coefficient.
1) . :
Ot)=qY()(1-— . where ¢: imitation coefficient
dinie il
D _ B+ ()= (BN + ¥ ()1 -1 -
dt N
N[l _ e—(p+q)t]
- 14 9 o~ (Pra)t (26)
p
N b'N
(26)

- l+be™ 14be

a=p+tgq,a’=-(p+q),b=q/p,b=plq

é

4.1 (1)

1. Epidemic disease diffuses
proportional to potential
capacity of dissemination

 a'(N-Y)

3. Develop this balance
— A aY(l _ﬁ)
dt N

14



2) Self-propagating Dynamism

N(l i e—(p+q)-t)
114 1 e—(p+q)’t
P

YL

—

p: Innovafor (leader)
q: Immitator (follower)

Y: production of innovative products, N: carrying capacity

3) Sustainable FD

FD4

Py, q,

> T

Fig. 8. Declining Nature of FD and Its Sustaining Efforts.

FD: Functionality development (4bility to improve performance of
production processes, goods and services by means of innovation)

i ie—(PHI)‘f

dFD . .
FD = P — gl p " g/p increase FD increase
=
g/p=xand eV =y FD = TJ
-y
_a 2 L
JFD dx(1+xy) y+xd (1+x)dx+y y

e (P () (S

dj—xD: (l—yy)z |:l—{p+ji(l+x)}(l+x)l—y:|= (l—yy)2 [l—p(l+x)t—?;(l+x)zt—y}

Since e?*9 = y?and p+g <<1, y = [e" ")) =[1- (p+q) =1-p(l+x) = 1- p(1+x)

dFD l+x)’  d
dx :_JEE_);)Z t-d—i>0 when %<O(Openinnovation)

q,/p, < ¢q, 'p, j\/%increase B FD increase

FD
through
Innofusion Earlier
by means of
Effective utilization of external resources
based on

emergence
of FD

Coopetition ( g/p increase)
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Speed of technology introduction: The Bass model of technology diffusion

100 ~ 10 100
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"Diffusion models: Managerial applications and software" (1999), G. Lilien and C. Van den Bulte, Institute for the Study of Business Markets (University of

Pennsylvania), ISBN Report 7-1999.
Introduction to the Bass Model and its extensions together with several examples of innovation and imitation factors for particular technologies.
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(3) Bi- LOg Istic Growth Function (BLF) - Diffusion of two co-existing innovation (eg. carriage and car)

+bhe ™ 1+be™

V() =50+ %)= @

Application of BLF

1. Monthly diffusion trajectory of Japan’s mobile phones (MP) over the last decade can be traced by
the bi-logistic growth model.
2. This suggests that Japan’s MP diffusion in the last decade was initiated by two waves ¥, and ¥, .

IP: Internet Protocol Service

8000

8000 c o capacity
Y = YI + )72 = Nl + N2 E?ZZZ Mobil phone total
1+ ble_alt 1+ bze_azt s ,f/
= 000 /

Y(#): cumulative number of MP diffusion at time #; 2000 ,//
N,, N,: carrying capacities; a,, a,: velocity of diffusion; 2 ‘*"‘“‘R:;m_g P mobile phone
b,, b,: initial stage of diffusion; and #: time trend by month (Dec. 95 =0, Jan. 96 =1). e s R EE NS

Table 1 Estimation of Japan’s Mobile Phones Diffusion by the Bi-logistic Growth Model
(January 1996-December 2006)

N, a, b, N, a, b, adj. R?
Parameter 35.147 0.074 5.198 65.418 0.036 14.028 0.999

t-value 2.25 4.59 3.26 3.81 6.74 1.33

17



(4) Bi-Bass Model —Piffusion of successive innovation with leader and follower dynamism

Table 2 Diffusion Parameters in Major Innovative Goods and Services

Printer ¢

MP
(1990-2006)

LCD
(2000-2008)

Web
(1993-2006)

PV
(1976-2007)

LLBP
(1975-1994)

LBP/BJ
(1987-2005)

MP 1

MP 2

LCD1

LCD 2

Web 1.0

Web 2.0

PV 1

PV 2

N

1581
(19.33)

97205
(166.57)

38216
(149.45)

65741
(170.24)

2.4x103
(1654.3)

2.4x103
(656.1)

2.42x10°
(145.87)

2.49x10°
(75.66)

0.50x10°
(8.81)

12.71x10°
(8.82)

p

5.43x10°3
(15.13)

1.47x1073
(2.27)

0.12x10-!
(5358.9)

0.22x10°2
(1270.1)

0.3x10°2
(1654.3)

0.4x10
(1654.3)

1.38x10°
(8.35)

0.25%105
(2.60)

19.36x10°
(3.87)

0.04x105
(5.72)

q

5.8x10°
(9.94)

2.9x1072
(37.96)

0.58x10"!
(2616.7)

0.35%10"!
(438.3)

0.2x10-!
(1654.3)

0.8x10-!
(1654.3)

1.08x10!
(58.33)

0.55x10-!
(22.74)

2.66x10°!
(45.22)

4.11x10°!
(47.89)

adj. R?

0.999

0.999

0.999

0.999

0.999

0.999

=

X =q/p

10.7

19.3

5.0

15.6

7.3
1.9x103
7.8x103

22.0x103
0.1x10*

105.4x10*

“ Since the period of co-existence of LLDP and LBP/BJ was limited, simple Bas model was used for respective innovation.
b Figures in parentheses indicate z-value. All demonstrates statically significant at the 5% level.
¢ LLBP: Large-scale Laser Beam Printer; LBP: Laser Beam Printer; BJ: Bubble Jet Printer; LCD: Liquid Crystal Display; MP: Mobile phone; and Web: Internet dependency
based on the number of co.jp domains.
4 Sky Walker: Triggered e-mail transmission by mobile phone; RSS 2.0 (Really Simple Syndication): Triggered publishing updated works in a standardized form as blog and video;
NGPVs (Next Generation PV System): Triggered acceleration of customers initiative in PV development and introduction by means of highly advanced next generation technology.

_dlnp
dlnx

0.03

-0.35

2.59

-0.24

0.60

-0.83

-0.87

-0.89

-0.83

-0.92

]\]3 (1 L ae—(lh +4q; )?) i ‘AJZ {1 L e‘é!’z +q, )t)

1 + ﬁe-(}')l'}'ql \/”/I

@ e“(Fz +q, )t
P

Trigger of new
innovation

I+

Sky Walker
(1997/10)

RSS 2.0
(2003/7)

NGPVs
(2006)

(28)
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(5) Logistic Growth Function within a Dynamic Carrying Capacity (LGFDCC)

- Diffusion with dynamically developing carrying capacity

N(t)
(0= 1+be™ o
N, : : :
N(t) = Y where Nk : ultimate carrying capacity (29)
e
k
Y(t) N k N k
— ‘ — — ~ ~ (30)
1+ be ™ + —5_122 e ™ 1+be ™+ —:"_k e

a
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Application of LGFDCC

1) Features Differences between Manufacturing Technology and IT

Table 3 Comparison of Features between Manufacturing Technology and IT

1980s 1990s
Paradigm Industrial soclety Information society
Core technology Manufacturing technology (MT) IT

In the market

Formed through the interacting with institutions
Self-propagating

Institutions as a whole

Functionality
Functionality development initiated trajectory

4000

(MT)

(in 10 thousand)

2000

Dol &
N 9 9 o & S

Fig. 10. Diffusion Trajectories in Japan’s Fixed and Mobile Phones.

Fixed phone

Vv “ 1S ~ > A
S & Q &
S 9 9 9

il
~ -
-
-
=

1. Optimization Within firms/Organizations

2. Key features formation process Provided by suppliers

3. Fundamental nature As given

4. Actors forming features Individual firms/organizations

5. Objectives Productivity

6. Development trajectory Growth oriented trajectory

/) 12000

—

) :
:9 o 93.8 mil.

S Base
8 .~ Mobile phone
‘g 8000 l’ (IT)

90] /
S 60.0 mil. 1996 /

) 6000 J 1998

5] -

E

=)

Z

o S 2 2] S > A S >
& 5 ) & S N N N N <
S s o 9 &= 5 S 5

Self-propagating mechanism

Functionality
development
Cmarg

Acceleration and advancement

1968 1980 1999 2001 2003

Interaction

2005

Diffusion of I'T s———

|

Interaction with
institutional
system

|

Network externality

|
Funcfionality
devdopment

‘srrying

|

of IT diffusion

Tallk — See —> See & talk — Takea picture > Pay —» Waitch
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2) Self-propagating Functionality Development through Innofusion

In mobile driven innovation, new functionality emerged in a self-propagating way in a process of diffusion, not at
development stage, as from falk to see, see & talk, take a picture, pay and watch.

dY Y N dN N N,
PP U i R b
! tDe ! k l+bhe®+ £ %
| )0
Self-propagating mechanism
Diffusion of IT =—— Parameter Estimate t-value adj. R?
Functionality - - -
i l a 1.48x10° 8.94 0.998
Oneseg Interaction with b 1.44x102 9.85
Music distributje institutional a, 3.43x102 7.63
system b, 4.21x10° 8.65
N, 9.38x103 10.89
Network externality
} % Ultimate carrying capacity 9380
Functionality Zzzz Carrying capaci
#  Mobile ph timat
Mcssauyc . \ ‘ development . 000 oblle phone estimates
C N ) Enhancement of carrying capacity) B
"""" ’ § 6000
Acceleration and advancement é;jzzz
Of IT difquiOn - 3000 7/ Mobile phone observations
1968 1980 1999 2001 2003 2005 | 2000
Interaction 10007
, |
. S S NS SN N U
Talk — See — See & talk — Take a picture — Pay — Watch B g e s g a a g i W 4 4

Fig. 11. Self-propagating Dynamism in Functionality Development of Japan’s Mobile Phones.



3) Contrasting Diffusion Trajectories

193.8.mil

80001

60.0.mil

Fixed pho

(in 10 thousand)

1991/
S LSLLPI LY F$

>
N

sTTIIIT

Y: Production of innovative goods
N: Carrying capacity (Upper ceiling)
a: Velocity of diffusion

MT: Manufacturing technology
IT: Information technology

SLG: Simple logistic growth
LGDCC: Logistic growth within dynamic carrying capacity

Fig. 12. Self-propagating FD Dynamics.

N a b adj. R?
6.00x103 1.74x101  0.64x10>  0.952
(5.07) (28.20)  (22.96)
. N
MT — Y= e
e —at
e 1+ be™
’ 8000
Y Fixed phone
6000 = N
é wo [ Tt
VZOOO
1996
0
FLFLLFLFFFLEFFSIIITSTS s |
10000
Ny
9000 . .
Y Carrying capacity
8000 s . .
7~ Mobile phone estimates
7000
T 6000 Y( )
é 5000 t
=
= 4000
3000
2000
1000
0
FPHI PSS LIPS I IO
FFFFFEEFFE @ EE
I T Y — Nk
1+be +— s !
l-a,/a
Ny a b a, by  adj. R?

9.38x103 1.48x10°! 1.44x10% 3.43x102 4.21x10°
(10.89)  (8.94) (9.85) (7.63) (8.65)

0.998
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3.4 Functionality Development

(1) Functionality Development Concept
1. Diffusion trajectory can be depicted by an epidemic function

Functionality development can be depicted by the
following diffusion trajectory

dy %
o ava-— y=
g Y=y

N
1+ be™

where Y: Production of innovative goods; N: Carrying capacity; and a: Velocity of diffusion.

2. Functionality development (FD)

Y continues to diffuse as far as it incorporates

“Ability to improve performance of production processes,
goods and services by means of innovation” = FD

3. Measurement of FD

/Y terminates to diffuse when it reaches N

NHY—>N cj,'_Y = 0 (obsolescent stage of FD)
4

iii) Degree of FD=N/Y =1+be™ Declining nature
\U g

(i1) FD can be defined as “Potential capacity before reaching obsolescent stage”

J

/
4. Functionality development strategy

\

[ Efforts to prolong higher level of FD > Sustainable FD

Self-propagating FD ]

/
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(2) Timing of Functionality Development Emergence

1) Timing in Overcoming CHASM

FD emergence contributes to overcome CHASM thereby enables IPO (Initial Public Offering) accomplishment.

(%)
o0 T T T T
90| Emergence of FD Accumulative )
IPO Later sta distribution curve CHASM Deep tre'nCh
| compelling new
70 Takeoff
eriod ventures start-up
N SRR EEEET LT TR I (Moore, 1991).
CHASM l
B Diffusion ratio 16% ling, : Timing of FD emergence
30 : !
| Frequency corresponds to that of
— . ! distribution curve CHASM.
10 Initial stage |
Innovator, Early minority ~Early majority (34%) Late majority (34%) Latest (16%) Emergence of FD
(16%) | — Overcoming CHASM
’ — Take off leading to IPO
\(W
The sea of Darwin
re?e%srigh Development Initial marketing Market growth
Start-up IPO

Fig. 13. Scheme of the Breeding Stage of New Ventures.
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2) Timing of Functionality Development Emergence by Logistic Growth Function

. . N N _
Diffusion model ¥ = ——— , FD = —=1+be ™
1+ be™ Y
FD/N Emergence
of FD
3+\/§ ...........................
2
3-43 T
Y A 1n!2_ﬁb nb In(2+/3 t
ERNG - /G N
N /2
N/(3++3)
1/(1+b)
0 p t t, 7
CLE 1
dt
16% 34% 34% w
S N
7~
t
ay /N
ar’
Emergence of FD
-~
Timing of FD emergence / t

Timing of FD emergence corresponds to the timing that maximizes
the secondary derivative of the diffusion trajectory, and its level is

3443 (Rogers, Mahajan, Moore)

1. Following Rogers, Mahajan and Moore, timing of
FD emergence can be identified as follows:

Timing of FD emergence

l

0—»11 —_— f —> L, ——>

Increase in diffusion velocity Decrease in diffusion velocity

accelerate decelerate accelerate decelerate

where 7,: inflection point of diffusion velocity in its increasing period; #* : inflection
point of diffusion; and ¢,: inflection point of diffusion velocity in its decreasing period.

2. This time corresponds to CHASM.

o dY N 2-3 1
S=['"=as=[r];= “o N -

Io dt Yl [1+be“” 0 [3._J§ 1+b]
Given the initial level of diffusion i Lol le
1/(1+b) = 0.05, NI

CHASM
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Fig. 14. Level and Timing of Inflection in Diffusion Trajectory.



3) Timing of Functionality Development Emergence by Bass Model

FD
. AED l_i_ie—(pw)f
-2+ V52 FD = P S Earlier Emergence of FD
[—e '
NG t At 4 AFD T
Y
e ¥ - N(1—e 7
—/ 1+ o tprari
, P
ax :
dt /\
_ —_
&Y '
ar’
e LT
t,=— In| (2+/3 E}
oy 3 7 A _( )q Emergence of FD
dr’
o ’ = 1n_ ! E} Shifting to the successive FD
\ (p+a) |2++3)q )
t f ’
1

Emergence of FD
Fig. 15. Timing of the Emergence of Functionality Development.



3.5 Integration of Production Function and Diffusion Function - Innofusion

(1) Production Diffusion Integration

As paradigm shifts to an information society, spot where innovation takes place shifts from production site to diffusion process

leading to the significance of production diffusion integration: innofusion function. Y: Prod. of innovative goods
. . . X: L(Labor), K(Capital),
(1) PI‘OduCtlon Functio M(Material), E(Energy)
T: Technology
Y = F(X,T) ﬂ_ Z aY X AX _— oY R R: R&D investment
a X Y X 8T Y FD: Functionality development = ]%

N: Carrying capacity
a: Diffusion velocity
b: Diffusion at the initial stage

(11) Diffusion Function (Cumulative Y diffuses as a function of T in high-tech. firms)

oY Y 1 ) .

i =aY|1- vl aY|1- . G1) In high-tech. firms, T is proportional to ¢
Fp =N and j; 2 ~~ (see next page)

(111) Production Diffusion Integration — I’anf usion Function in which F unctionality Development is only an option.

Growth Traditional

rate production factors  TFP increase rate
Traditional production factors
AY Z ( aY Xj AX aY R (Labor, Capital)
TR T Growth R&D intensity (R/Y)
ox Y )X 8T Y TEP Production (Y)
of technology (MPT) _ _
R&D intensity
oY
8_T =al (1_ ) Ability to improve performance of production
processes, goods and services by means of innovation

Functionality development

Fig. 16. Integration of Production and Diffusion Functions.
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(2) Selection of Development Trajectory

Production function in high-tech firms can be depicted as follows:

Y=F(X.,T)=F(X(T))~F()

T=a+ Bt
dY | dY 4T |l idYi Y T ey
_:m,m:ﬂ_w:/fi ._._._._.:ﬁ.____
e 1 e T e T e
=aY(1—£)
HafuLEY e g?(é—i)_a}f(l—m)
e FD

Economic growth dependent model: Depend on'Y
- Growth Oriented Trajectory

- Y

‘ Contribution to TFP growth rate
labor and capital (technological progress)
iy dame oY X AX 8Y R
Yo e A ey
VR &
oY 1
. aY(l _j
Y: Prod. of innov. goods or ED
Marginal productivity of

L: Labor, K: Capital technology

M: Material, E: Energy 0\4 PT)
T: Technology stock
R: R&D investment

FD: Functionality Japan (1980s, 1990s) US (1980s)
development
a: Diffusion velocity System COIlﬂlCt

Fig. 17. Scheme Leading Japan to Lose Its Institutional Elasticity.

- US (1990s)

dz Y Z )% dY Y Y: Production of innovative goods;
= az Y | —_— aY[} - —] X: Labor, Capital, material and
Z N dt N energy T: Technology stock

i . LB i

Lok o) TR
Tt =R I l_p Rtim =R0(1 +g)t7m Hig
pPtg pte

T =R(1-mg+gt)l+g)(p+g)=a+pt

initial period.

1+g
2te

1+
a=R(-mg—L p=Rg
pPte

New functionality development model: Stimulate FD
- New Functionality Development Initiated Trajectory

il [ sl
X=L.K.M.,E X Y

= -
i aX|| Y oT
T

oY |
Y av(l——
or - Y(=5p5)

MPT: Marginal productivity of

l technology

T;: technology stock at time #; R,: R&D
investment at time #; m: time lag between
R&D and commercialization; p: rate of
obsolescence of technology; and g:
growth rate of R&D investment at the

Source: Watanabe et al. (2003).
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(3) US Locomotive Leveraging Transformation to FD Initiated Trajectory

Real GDP (1990=100)

160

[a—
()
g
™

120

[a—
[a—
—
[

100

90

30

70

60

National Nanotechnology Initiative (01-)
i The 1st National Innovation Summit by COC (93) \ A
= Computing, Information, and
Communication program (97-01)

Commercialization of Internet (91) \ \

i , Net bubble crizis (00)
Advanced Teclmology Program (90- ) Information
Highway Palmisano Report
-~ Made in America by MIT (59) by COC (04)
| New Young Report (87) \ \ Partnership for a New
1 -atq 7 1 2 4.
Young Report (55) \ . Geeneration of Vehicles (93-01)

B LY National Competitiveness Teclmology Transfer Act (89)

»
B » Federal Technology Transfer Act (86) Young Report (1985)

) . L i Global Competition: The New Reality

National Cooperative Research Act (§4) New Young Report (1987)
' Amendment to Bayh-Dole Act (84) America’s Competitive Crisis:
| BHF" h']?me I*ﬂ‘“Ct |(8|D)| o o | | | | | o Confronting the New Reality

1980 1985 1990 1995 2000 2005

Fig. 18. Trends in the US Policy for Enhancement of Competitiveness (1980-2004).
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(4) System Conflict in an Information Society

1. System conflict led to an institutional less-elasticity in an information society resulting in a dramatic decrease in MPT.
2. MPT decrease led to TFP decrease resulting in a decrease in innovation contribution to growth.

3. Thus, co-evolution changed to disengagement in an information society.

(1) Dramatic Decrease in Marginal Productivity of Technology

1.45

% a USA  System match 135 GDP V=F(,K T)

= = . :

2| o 125 L: labor, K: capital, T: technology stock

o K

—_— P

< 1.15 -

EE- = los | o 1990

g © Japan  System conflict 0-95 E USA

= : ~

— Industrial society Information society 085 | & MPT

1 1 1 1 i 1 1 1 ' ’ 2 J
apan

1980 1990 1999 0.75 p

Fig. 6-1. Institutional Elasticity of Manufacturing Technology 0.65

- Elasticity of the Shift to an Information Society to Marginal Productivity
of Technology (1980-1999) - Index :1990 =100.

—

(i1) Consequent Decrease in Innovation

MPT: Marginal Productivity of Technology

TFP: Total Factor Productivity

1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999

Fig. 6-2. Marginal Productivity of Manufacturing Technology

(1975-1999) - Index: 1990 =1.

-

TFP change rate (ATFP/TFP) = R&D intensity (R/V) X Marginal productivity of technology (MPT)
. Innovation to GDP growth < ‘
: 6.2 3.2 12
60 3 JP_US
30 < 10
350 =
240 JP US 28 JPUS g os
T‘é 3.0 2.8 22.6 E "
gz.o 1.5 14 1.5 & S 04
o 24 2
E T 09 09 gj £ 02
0.0 : Iil |22 :én 00 | —
1.0 2.0 §
1960—1975 1975—1985 1985—1990 1990—1995 1995—2001 -0.2
1975-1985 1985-1990 1990-1995 1995-2001 1975-1985 1985-1990 1990-1995 1995-2001

Fig. 6-3. TFP Growth Rate (1960-2001).

Fig. 6-4. R&D Intensity (1975-2001).

Fig. 6-5. Marginal Productivity of Technology 30

(1960-2001).




(5) Swell of Japan’s Institutional MOT toward a Post-information Society

As a consequence of hybrid management fusing “East” and “West”, Japan’s indigenous MOT is again responding to
a co-evolutionary dynamism between innovation and institutional systems corresponds to a ubiquitous economy.

1 Just in time cell production
: . . (synchronization of JIT and cell production system),
(1) Increasing digitalization of : o R B 5la. Seamless,
manufacturing process, 2 Super-flexible manufacturing system,
3 Full automation manufacturing,, .
b. All actors participation
: and cooperation, and
(2) Advanced digital infrastructure or 4 Co-evolutionary development between
alliance, and S suppliers and customers, . N d ;
5 Broad integrated consortia business, ¢. On deman
- d. Open-sourcing
: : 6 On-demand manufacturing
(3) ;:rl!lrs?:g% ec ﬁgrsgit)g r?t(ljglndc g SE? etl?r? the (full variety of on-demand products production), and
digital economy g 7 *“J-sense” (sense of Japan) goodsand |77 >|e. Long tail
system. A
IT driven new functionality Service oriented manufacturing
i development initiated trajectory
Manufacturing technology Post-information society | <777
based growth oriented trajectory Infc_)l_’matlon society (Ubiquitous economy)
Industrial society 4 (Digital economy) J
(Materialization economy)
Product oriented =———=Function oriented @ =——— Solution oriented 31

Fig.19 . Swell of Japan’s New Innovation.



(6) Governing Factors to Functionality Development

Under the competitive circumstance where firms aim at maximizing their oy ay(l Y j ~ aY[ L j 31)
profits, equation (31) should be equivalent to relative prices as follows: oT N FD
oY

Y

where p: relative prices of technology; P, : technology prices of innovative goods; and 7 : prices of innov. goods.

Equation (31) can be developed as follows:

oY AY Y Y’
= =aY(l-—)=aY —-a—=P (33)
oT AT N N
dy
where A =7~
Differentiate equation (32) by time t,
AP = aAY—2aAY£ = aAY(l—Zz) = aPAT(l—i)
N N FD
AP 2 34
A7 GAT(1-—) .
P FD
Functionality development (FD) can be depicted as follows:
2 2 2 2
FD 1 AP 1_lAP/P 1_L@lnP - 1
aAT P aT AT/T al 0InT aT u
32
where a: diffusion velocity; and «= —2:% = —Z—Z;; : price elasticity to technology (PET).



(7) Prices of Technology and Functionality Development

2 2 2 2
D= _LAp 1 AP/P 1 0lP ]
aAT P aT AT/T al 0InT aT u
oInT oTP . . ..

p=-— 5 =——> - price elasticity to technology (PET).

(u>0) (u<0)
0 < FD <2< FD, < o

A oInT  AT/T _ AT /T

8lnP  AP/P AP, /P,—AP, /P,

Prices

Technology

Products

(35)

T ,u>0 ,Ll<0

»
>

B[Py

<0 when AP./P.>AP, /P,

Functionality-seeking

~~-_——-“"--———__..__--———-/'

Mass-production

Technoiogy stock 33
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S 30 = LBP/BJ
& 200 B 1% T
LBP/BJ P i
100 g 500
0 e 0
1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998
Trends in Prices of Printers Corresponding to their Technology Stock Trends in Prices of Printers Technology Corresponding to their
in Canon Printers (1976 — 1998). Technology Stock in Canon Printers (1976 — 1998).

LLBP (1976-1985): AP, /P.—AP,/P,<0  u>0 0<FD<?2

LBP/BJ (1985-1998): . AP, /P, —AP,/P,>0  # <0  2<FD
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4.6 Sustainable FD in Open Innovation
(1) Timing of the Functionality Development — aglﬁtrainag:ge;gence

FD
ST AFD

n-@+v3)2
q

t )

T
Emergence of FD

1+ ie—(pw)f
FD = " P oy Earlier Emergence of FD
—e
At AFD T
v N(l . e—(p+q)-t)
1+ 9 e (P!
p

=0 W*mﬂ Emergence of FD

1 1 p I .
t,=— In — F
2 _(2 /—3) 6]:| Shifting to the successive FD

Fig. 15. Timing of the Emergence of Functionality Development.
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(2) Requirement for Earlier Functionality Development Emergence
d’y 1

— ln{ ! £}:yln[ al ]
(p+a) | 2+3)q (2+43)

where ¢/ p=x and

ptq :
P- Innovator
dt, dt, dy X v -
=L -2 = - Imitator
dqg/p dx dx n[i2+\/§i]+x 9
dp
—[(1+x)~—~+ p]
where y= 1 R Z = 1 , d—y = dx
pd+x) x pd+x)x dx [p(1+x)]°
Therefore, a can be developed as follows:
dq/lp
d d 24+4/3
B (L I | | (EES L AN ICAR LN
1 _ dx - 11’1[ ]+ — 1+ dx X
dg/p  [p(+x)] 2++3)" px(1+x)  px(1+x) p(1+x)
dp (2++/3)
1 — 1 ... i
In case when I (x) = S L AT 7 = Necessary condition for earlier
p(l+x) dq/ p functionality development emergence

g/p increase induces earlier FD
emergence leading to sustainable FD36



(3) Boundary Satisfying Earlier FD Emergence

Aiming at identifying the boundary condition satisfying earlier FD emergence in the Bass model,

the following analysis is attempted:

W [(1+x);lp 2
/1 <0< X X <-1
dql p p(1+x)
(oo P @3 @3,
dx X + X
p(l+x) p(l+x)
A CHV3 23,
o & X + X <-1
p (1+x)
If 1<x<2+«/§, then ln[(2+—\/§)]>0, and so
X
A <0 @d—pl<— ! I
dq/p dx p (2+\/§) (1+x)
In[-~—]x
X
N T

= < —
dx p 1n[(2+J§)] (1+x)
X

where & x elasticity to p.

If x>2++/3, then ln[MkO,andweget
X
ddjl <0 sz_pl>_ 1[ B 11
q/p X p ln[(2+ 3)]x (1+x)
X
ofestr, L _x
x p ln[(2+\/§)] (1+x)
X

Table 4 Conditions of Boundary Function by Areas

d,
Area @ ah X g
dx dx
I + + l<x<2++/3 >0
I + - x>2+4/3 >0
III - - x>11.1 -1<e<0
v - - 1<x<2+4/3 £<0
\% - + x>2+43 £<0
g B(x)| 1 X
(@-1)3 B(x)= (2+\/§) _(1+x) wherex>1,x¢2+\/§
dx p” | ln[ix ]
2 f I I
1 L
0 i1 2+43 x*# = 11.1 (the crossing point of boundary function)
0 —— i X (q/p)
! 40 7 10 13 16 19 22 25 28 31 34 37 40
B(x)
2t
v
v
3t

4

Fig._ 20. Areas Satisfying Earlier FD Emergence. 37



(4) Diffusion Dynamics in Major Innovation

Af} (1 _ e“(l’l““’!l )5) i i]vz {1 1 €“<P2 +4q; )t)

0 q q
- - ) ) ) ) i ,,],e‘(}%*‘%)f 11 ,,2,6‘(,”2*“9’2)[
Table 5 Diffusion Parameters in Major Innovative Goods and Services D P>
. dinp .
2 — — Trigger of new
N p q adj. R X =qp & dlnx innovation
LLBP 1581 5.43x10°3 5.8x107 0.999
Printer @ (1975-1994) (19.33) (15.13) (9.94) ' 107 0.03
LBP/BJ 97205 1.47x10° 2.9x102 0.999
(1987-2005) (166.57) (2.27) (37.96) ' 19.3 -0.35
38216 0.12x10°! 0.58x10"!
MP 1 ’ 5.0 2.59
(149.45) , ,
MP (5358.9) (2616.7) - Sky Walker
(1990-2006) (1997/10)
65741 0.22x1072 0.35x10"! 156
MP 2 (170.24) (1270.1) (438.3) ' -0.24
2.4x103 0.3x102 0.2x10-!
LCD LCD1 (1654.3) (1654.3) (1654.3) 73 0.60
(2000-2008) Yt 00 o 0.999
. . . 3
LCD2 (656.1) (1654.3) (1654.3) 1.9x10 -0.83
2.42x10° 1.38x10°5 1.08x10-!
Web Web 1.0 (145.87) (8.35) (58.33) 78x10° -0.87 RSS 2.0
(1993-2006) 2.49x105 0.25x10°5 0.55x10"" o (200377
Web 2.0 (75.66) (2.60) (22.74) 22.0x103 -0.89
0.50x10° 19.36x10°5 2.66x10°!
PV PV1 (8.81) (3.87) (45.22) 0.1x10% 083 NGPVs
(1976-2007) 12.71x103 0.04x105 4.11x10" o (2006)
PV 2 (8.82) (5.72) (47.89) 105.4x10¢ 092

“ Since the period of co-existence of LLDP and LBP/BJ was limited, simple Bas model was used for respective innovation.

b Figures in parentheses indicate z-value. All demonstrates statically significant at the 5% level.

¢ LLBP: Large-scale Laser Beam Printer; LBP: Laser Beam Printer; BJ: Bubble Jet Printer; LCD: Liquid Crystal Display; MP: Mobile phone; and Web: Internet dependency
based on the number of co.jp domains.

4 Sky Walker: Triggered e-mail transmission by mobile phone; RSS 2.0 (Really Simple Syndication): Triggered publishing updated works in a standardized form as blog and video;
NGPVs (Next Generation PV System): Triggered acceleration of customers initiative in PV development and introduction by means of highly advanced next generation technology.

(28)
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(5) Sustainable FD by Major Innovation

_9 x
dx p
T ? MP 1
c 1 X
= 15 + B(X) =- - (X = q/p)
g 1n[(2+*/§)] (1+x)
o X
c
c
e | p, ¢ dynamism for
& LCD 1 Earlier emergence of FD
g ost a
K LLBP d
o x*=11.1 ﬁ (alo)
O =13 : ' ' | | : ' | | _ > X \q/p
E ’ 10 \MR2 500 1000 5000 10000 15000 20000 25000 q SuU bstﬂuh{s for p
g BP/BJ ; TR,
S 05 b il > B(x)
I3 PV 1 dx p dlnx
3 Web 1.0 Web 2.0 VI
é 1 LCD ~ [
o '
>
U)
l Sky Walker RS! 2.0 NG!VS

Fig. 21. Sustainable Functionality Development Condition.

1. While latest high-technology products as LBP/BJ, MP 2, LCD 2, Web 1.0, Web 2.0, PV 1 and PV 2
satisfy conditions for sustainable functionality development, LLBP (1976), MP 1 (1996) and LCD 1 ()
do not satisfy these conditions resulting in being substituted by LBP, BJ, MP 2 and LCD 2.

2. This can be considered as substitution from ‘resistance to innovation’ in the early introduction to market,
to supra-functionality with customers own initiative. 39



<+— Supra-functionality | Resistance to innovation—»

(6) New FD Frontier

Printers

Depend on
Print office

\

Mobile phone

LCD

Communication
only

Watch
only

Web PV
. Purchase from
_ FaSSIVf_ Electric power
INformation
dependent SelnjpELy

N\

LCD1

x=111

P, q dynamism for
Earlier emergence of FD
di
— <
dqlp

10 ®MP 2

x (glp)

¢ substitutes for p

|

Explore new FD frontier

|

S

Instills customers

“exciting story with their
initiative as heroes/heroines” and
thrills them gratification

Incorporates innovation new social,

cultural and aspirational value

beyond economic value

N T

A\ BPBI
Lo PV lv\gb 10 We.bz.o PV 2-
A 4 A 4 A 4
Sky Walker RSS2.0 NGPVs
Explore new world
Home print Internet
by own design with as preferred

Fig. 22. New Functionality Development Frontier Leading to Supra-functionality.

multimedia services

IPTV

interactivity

Blog

as hero/heroines

Clean energy

by own interior design
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MP Web PV
[Sky Walker] [RSS 2.0] [NGPVS]
E-mail Blog, video, User oriented
transmission news headline PV systems
Only E-mail Only . Expensive, y
communication } transmission visit and watchl> RSS inconvenient |> NGPVS

¥

New
:ommunlcqtlon
communlty

¥

Embraced by
\Web publisher

¥

House design
interior
curtain, wall

V

New FD frontier which instills in users an “exciting story on their own initiatives as
heroes/heroines” thrills them with gratification beyond economic value

@RSS: Really Simple Syndication; and NGPVS: New Generation Photovoltaic System.
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(7) Strategy for Substitution

Table 6 Concept of Imitator Substitutes for Innovator

Leader Follower
Supplier Customer
Producer Consumer
Fear to new products Gratification of consumption Sustainable FD
g (imitator) substitutes for p (innovator) < Assimilation of spillover technology

<> Customer substitutes for supplier | |

< Open innovation Knowledge transfer

<> Coopetiotion (Cooperation and competition) @

< Co-evolutionary domestication < Hybrid management of technology 4,




4. Effects of Learning
4.1 Learning by Doing

4.2 Theory of Learning by Doing

4.3 Learning Curve

4.4 Market Learning

4.5 Hybrid Management of Technology

4.6 Necessity for Effective Learning
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4. Effects of Learning
4.1 Learning by Doing

(1) Chronology to Endogenous Technological Improvement

Solow (1956) Y=F (L,K,T) ' Solow residuals _
= ATL “K"“ i — Technological
= e LUK oo Technical change was
assumed to change
. , exogenously
Denison (1962) V=X =3 v, p, =2 wid, TFP
: q.Y p,X,

2 aY " 2 pX,

Solow/Johansen (1960)5 Y=F (L, K(T)) E Technology embody

i into capital

SMAC (1961) f=rlok " +(A-6)]"7 CES
L f=Y/L, k=K/L + (Constant elasticity i i Kenneth J. Arrow
Solow, Minhas, ! of substitution) Why firms innovate?

Aug. 23,1921 (age 91)
United States

Arrow, Chenery

: | Endogenous Stanford University
Kaldor (1962) v AfTf =g (AkTk) 1 Technological progress
' E function gI‘OWth theory Macroeconomics
Innovation and General equilibrium theory
technical change Social choice theory
Arrow (1962) L, P EE—— are determined o
rrow ' = = i Learning by doing
5 . 5 endogenously 1972 Novel prize in
Y=aK[-(-—=)"" ) e=b/l-n Economics

Fig. 23. ChFonoIogy to the Initial Efforts to Endogenous Technological Improvement. 44



(2) Learning, Diffusion and Induced Innovation

Technological learning Induced innovation
Kaldor (1962) Hicks (1932)
Arrow (1962) Induced
invensions
Kennedy (1964)
Weisaecker (1966)
Phelps (1966)
Habbakuk’s postulate (1962)

David (1975) - l
l US technology is more Unbalance of tech—
Learning <— Capital intensive —> Labor saving <= Labor saving biasJ
than UK’s E
Improve quality i
Induce Smaller labor i
Diffuse E
Growth —— > Resources Capital Labor E
dependency to industry  to agriculture !
[Plausible] | [Inplausible] i
i 1. Unbalance of tehcnology —; E
1 P e ——
E 2. Labor saving bias J
:. _______ > 3. Resources scarcity inducement
Rosenberg (1976)
Binswanger (1978)

Fig. 24. Technological Learning, Diffusion and Induced Innovation.



(3) Dynamism between Innovation, Diffusion, Learning and Spillover

L L LR EEEE LRSS Innovation

v

Diffusion

Embed to prod. facts. Disseminite into socio-economy

Transfer of labor/capital

Lab£r Capital Economy¢ Society

Reflict to prod. process Technol. spillover

> Effects of learning Assimila. of spillover tech. g©--

Productivity improvement
—_————————— —Flroductiin increase/growth
Utilizat.ff prod. growth - - ———————————————"

————————————————— Further innovation investment

Fia. 25. Innovation. Diffusion. Learnina and Spillover Dvnamism.

Effects of learning
1962 Kaldor AY/DNY/L) = F(AK/L)/(K/L)) Technical Progress Function
1962 Arrow L=1(K) =bK™ Learning by doing

Embed to production factors
1964 Nelson (Capital) Vintage Model
1967 Denison (Labor) Quality of Labor

Technology spillover

1979 Griliches Technology Distance
1982 Scherer

1986 Jaffe Proximity



(4) Contribution of Learning to TFP Growth

/Own efforts R&D Technology

/Direct investment  knowledge stock
effects

N

Technological
Improvement
Dependent Spillover  Assimilation

N

TEP technoloiyl Technological
, progress
- N\
Learning effects —

Economies of scale
Indirect] Labor quality improvement Productivity
\ effects | Maturity of capital stock increase

Industrial structural change %
Improvement of management

External economy, policy effects )
AN

25 Aug Accumulation of technology knowledge
~ 1Sep Diffusion of technology

—15 Sep Effects of learning

~ 6 Oct Technology spillover




(5) Japan’s Unique X Efficiency Depending on Learning

Japan US comparison (growth rate-% p.a.)

9.7
o~
Oc GDP — a7
Oa :
5o 62 |REG Energy High-tech. Lost decade
88/ gc ec(z){r?grlr(liic Crises miracle TEP »l6.2
*c-u‘ g g growth) 34 JP US
= S G — : 3.8 3.9
c a8z 2.2 34 34 3,
€ 22 238 2.0 1.8 22 28 2024 g
o c.c 14 1.5] |14 —1L5
) S -0.3 0.2 10 09l | .Jool |y,
1960-1975  1975-1985 1985-1990 1990-1995  1995-2001 1960-1975 19751985 1985-1990 1990-1995 1995-2001
Sx 30
S = - 1. Japan accomplished conspicuous X-efficiency
= i 08 13 during the period of industrial society.
TS ] 2. Which contributed to increase MPT.
€ £
O @©
oL

[ )

-0.9 -0.6

3. This can be attributed to Japan’s intensive
learning efforts.

Fig. 26. Trend in Contribution of Learning to TFP and Consequent GDP Growth Rate in Japan (960-2001) — % p.a.

1960-1973 1975-1985 1985-1990 1990-1995 1995-2001
s GDP (TFP) 9.7 (6.2) 22 (1.4) 3.4 (2.8) 2.0 (-0.3) 1.8 (0.2)
g Direct effect of 1.0 0.2 0.5 0.2 0.3
g R&D investment
0 Indirect effect of 22 0.4 1.0 0.4 0.5
F R&D investment
E Learning and 3.0 0.8 1.3 -0.9 -0.6
S spillover effects
Source: Watanabe (2005). Japan 0.6 1.1 . . 48
MPT Us o4 03 Learning led to high MPT



4.2 Theory of Learning by Doing

(1) Learning Incorporated Production Function

Arrow considered requirement of labor decreases as capital (K) increases with a following function:

L= Z(K ) — Kk b: Coefficient > 0, n: Leaning coefficient >0 (35)
Based on this analysis Arrow developed the following production function:
l ey a: Production capacity
I - ] 1} ~ aK[l—e_(é) ] (n;tl) corresponding to K >0 (36)
ok 2 c b >0
i
o r=1+= >0 37
ZQKll—e b‘ (n=1) n(1-n) <0

(2) Increasing Returns to Scale Behavior

Above production function demonstrates increasing returns to scale.

e.g., in case n=1 (same as the casen # 1),

L 7l/n
=(— ,
k=)

L 1-n L
cKl/l—n - b {(%)—l/n}l/l—n

(- n)(%)”*-‘" —(1- n)(%)”

L (en)(L)*
oL et

cK /=
V=ak|l—{e "y
=aK(1-e ")

V=aK(l-¢"")  InVxlna+nK-e™" AV/V=AK/K+(AL/b)e™" >AK/K (WhenAL>0)
While in general production function, AV /V =aAL/L+ AK/K <aAK/K+ K /K =(a+ )AK/K =AK /K

(when AK/K > AL/L)

AV %+(L/b)” (AL/L)e """ > AK

Incaseof n#1, InV~Ina+lhkK—e*"" :
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Appendix: Mathematical Development of Arrow’s Learning Incorporated Production Function

V=F(LK), L=L(K)
K
L=L(K)= jK AK)dK, A(K): Number of labor

\9}

V=F (L ? K ) Learning effects
V=I:O 7(K)dK, 7(K) :Production capacity 3 L — Z(K) = bK_n b, n> O

AK) = j A(K)dK 4
I[(K)= j 7(K)dK 5 ‘
L=AK)-AK,) 6 i b
V =T(K)-T(K,) 7 = —)" | (n#l) c= 1— > ()
From6 A(K)=AKK)-L, K,=A[AK)-L] 8 n
Substitute 8 for 7 ¥ =T(K)—T[A {AK)-L}] 9 —aKk [1 . ?5] (n=1)
Provided that y(K)=a (a>0) 10
MK)=bK™ b>0,n>0 11 -
I(K)= jK = “wdK =ak (K, =0)
12
. b, » b Lo
AK) = I AK) = J K™K =—K™=cK™ c=7>0 (%] 13 - . Increasing returns to scale
- IKO ?dK =blnK (n=1) 14 A" :reverse function
—L AK)-L. K" —L . Substitute (K / ¢)""™ for K in13
From 13 A|:( )1 } A|:{(A(K) )}1 :| A(K) L A {A(K) L} { (K) } {c c }H 15 then substitute A(K)— L for K
—n__ l—n -n %
Substitute 15 for 9 ¥ =ak—af™S Ly —ag— oS K =D e K{ {—}} = {1 gLy } (nzl) 10
c cK™ K
Whenn=1, from 14, Afy=k, A" )=AKK)=L, AAK)-Li=¢ ', 17
Substitute 17 for 9 Y=aK—ae * =aK—ae " e =aK —aethk bk o V= =aK(l-e’ ) 18 50




4.3 Learning Curve
(1) Learning Coefficient

Incorporation of the effects of learning in production function can be examined by
learning curve (or experience curve) that illustrates correlation between
cumulative production and prices.

Asuume that prices of product P and cumulative production Y* (=2'Y), learning curve
can be depicted by the following equation:
P=A-Y*" (38)

where 4: scale factor, 4: learning coefficient.
(2) Learning Rate (LR)

Given that P = P(Y*),
LR =-[P2Y*) - P(Y*)]/P(Y*)

Price declines by LR % for each doubling of cumulative production

(3) Progress Ratio (PR)

PR = PQ2Y*)/P(Y*) =2"* =1-LR (40)
Speed of learning

(39)

PEY)/P(Y) = A2V " AV "= 2% = [-LR



(4) Measurement of Learnina Effects

Q80 T
&7 4 |79
T 60 7
820 7 T 1980
S 40
B 30 T
S 20 T 85
E 10 -] 199AO o N 95 . R 9.8 %9
0 T T T T
-20 80 180 280 380
Cumulative solar cell production (CSCP)
) In PSC=3.65—0341n CSCP adi.R* 0987 DW 1.18
A
N 5 7 79 (-38.39)
S . 1980
= 4 7 \\ _
g
g 3 1990
O —
':2 2 W, e ® o
O )
|-
(al 0 T T T T
-2 0 2 4 6

Cumulative solar cell production ( In CSCP)

Fig. 27. Learning Effects of PV Development in Japan’s Firms (1979-1999).
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Table 7 Learning Coefficients in Japan’s Leading PV Producing Firms (1976-1990)

PSC = A-CSCP*

A t-value  adj.R* DW
Whole industry -0.35 (-22.80) 0.981 1.42 1976 —1990
[ -0.837 (-73.88) 0.997 1.60 1976 —1995 ]
PV firms A -0.12 (-28.31) 0.988 2.09  1976—1990
B -0.25 (-25.92) 0.988 2.63  1976—1990
C -0.29 (-7.47) 0.871 1.49 1976—1990
D -0.69 (-18.99) 0.978 253  1981—1990
E -0.41 (-9.34) 0911 1.77  1976—1990
F -0.31 (-14.46) 0.962 1.52 1976 —1990

PSC: Prices of solar cell (fixed prices), CSCP: Cumulative solar cell production.

A-F: leading PV firms including Sanyo, Kyocella, Sharp, Kanegafuchi chemicals,
Fuji electrics and Hitachi.



Decline in solar cell production prices PSC: Prices of solar cell

A - A -
4 5 SCP: Production of solar cell
Increase in solar (<
cell production TPV: Technology stock of PV
A *3
*g Increase in PV technology stock PVR: PV R&D by industry
T *2 SSPV: R&D budget in the Sunshine Project
» | Inducement of industry R&D

*1 Pey: Relative energy prices

PV development initiated by
MITI’s Sunshine Project

adj.R* DWW
*1  log(PVR)=1.37+0.77 log(SSPV ) 0.979 1.31
(29.35)
*2  TPVt=PVR.,+(1- 0)TPV,, m=28 F, p=20.3%
*3 log(SCP) = -8.26 + 2.19 log(TPV) + 5.94 log(Pey) 0985 175
(35.48) 13.60)
*4  log (PSC)=11.97 - 0 97 log(TPV) - 1.04 log(Pey) 0.988 1.53
(-39.51) (-5.59)
Effects of technology stock and energy prices
log (PSC) = 130.87 - 0.06 Year - 0.31 log(SCP) 0.995 138
(-9.32) (-18.87)
Effects of learning and economies of scale
*5  1og(SCP) = 16.97 - 2.02 log(PSC-1) + 2.98 log(Pey ;) 0995 125
(-58.73) (13.61)
*6  log(PVR) = 3.59 + 0.43 log(SCP) 0973  1.03
(25.96)

Fig. 28. Virtuous Cycle of Japan’s PV Development (1976-1995).



4.4 Market Learning

(1) Dynamic Learning Coefficient

Learning function according to diffusion of innovative good Y

P — A . Y—ﬂ. (38)

P: fixed prices of PCs; A: scale coefficient; ¥: cumulative production; 4: learning coefficient.

Learning coefficients A in the market learning are a series of continual coefficients during
production, distribution and usage phases when they are diffused, these coefficients are
expressed as function of ¢ as:

() = A4 (0, 2 (1), A (D), 2, (1) = Y ! (39

b, 1s the ith coefficient of column ¢.

These dynamic learning coefficients 4, 4,, ... A, are learning results regarding as effects of
“marketing learning” during a serial process of production, distribution and usage.

lanlnA—ZaitilnY+g (38-2)
i=0
& is disturbance column which is independent from A(?) .

A(t) can be computed by taking differentiation of equation (38’-2) by /nY.

_O0lnP
~omr 2% @
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(2) Dynamic Learning Coefficient of PCs: An Empirical Analysis

Dynamic learning coefficient of China’s PC A is measured by the following equation with the usage of fixed prices of PCs:

InP=InA-A(t)lnPC,+dDy =In A-) a;t'In PC, +dDy

i=0

Table 8 Comparison of Dynamic Learning Coefficient of China’s PCs (1982-2002)

InA ao ai as as as as d adj. R2 DWW AlIC
n = 11.79 0.37 -0.029  3.2*103 -8.7%10% 0.30 0.996 1.38 -51.79
3 (3.37) (3.63)  (-1.70) (2.79) (3.35) (3.37)
n = 12.01 0.84 -0.17 0.020 -9.3%104  1.5*10°5 0.27 0.997 2.03 -62.76
4 (122.99) (5.35) (-3.98) (4.07) (-3.82) (3.47) (3.93)
n =  11.89 -0.50 0.033  -3.3*103 -9.5*10% 5.7*105 1.0¥10¢  0.26 0997 1.29 -62.65
5 (85.61) (1.48)  (0.26) (0.15) (-0.56) (0.88) (1.12) (3.85)

0.8

07 | A()=0.84—-0.17t+0.020¢°-9.3*10* £ +1.5*10 > ¢*

06 I Import parts dependence Market Real N
period expansion Competitive
period Market Period

<
N
T

e
w
T

Dynamic learning coefficient (A)
o
(9]

o
\S)

1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002

Fig. 29. Trend in Dynamic Learning Coefficient of China’s PCs (1982-2002).
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Table 9 Comparison of Dynamic Learning Coefficient of Japan’s PCs (1982-2002)

mnP=InA-A()InPC, +dD, =In A~ a,t'In PC, +dD
i=0

a, a, a, d adj. R? Dw AIC
n=2 1.91 0.08 -0.018 2.2%104 0.27 0.923 0.56 -1.73
(1.04) (0.20) (-1.08) (0.52) (1.04)
n=73 7.66 -1.40 0.11 -8.5%1073 2.1%104 0.68 0.979 1.38 -28.30
(5.90) (-4.53) (5.13) (-6.34) (6.60) (4.74)
n=4 5.63 -0.84 0.039 -6.8%10° 22.5%104 8.9%10 0.47 0.979 1.29 -27.81
(2.35) (-1.33) (0.52) (-0.01) (-0.55) (1.01) (1.88)

1.4

1.2 - A(t)=—-1.40 +0.117—8.5%10 2 +2.1%10 *¢°

1.0 -+

0.8 T
0.6

1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002

Fig. 30. Trend in Dynamic Learning Coefficient of Japan’s PCs (1982-2002). -



(i) Japan’s Dynamic Learning Coefficients of PCs

The value of Japan’s coefficient is higher than that of China’s, but it decreases continually.

(if) China’s Dynamic Learning Coefficients of PCs

a.  The value of coefficient was in the bottom in 1980s, and it increased in 1990s near to the value of

Japan’s;

b. Itincreases when the effect of technology spillover began to decrease at the beginning of 1990s;

c.  Thatis, “Technology of China’s PCs was accelerated by marketing learning effects after full enjoyment
of spillover technology during market expansion period .”

A(t)=0.84 - 0.17¢ + 0.020

0.6 F Import parts dependence
period

Dynamic learning coefficient (A)
o
()]

t2—9.3%10 % ¢

Market
expansion
period

+1.5%10 7 ¢*

Real
Competitive
Market Period

—

1982 1984 1986 1988 1990 1992 1994

1996

1998 2000 2002

Fig. 31. Trends in Dynamic Learning Coefficient of China’s PCs

(1982-2002).

1.4

1.2

1.0

0.8

0.6

A()=—1.40+0.11£—8.5*107¢* +2.1*107*¢’

1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002

Fig. 32. Trends of Dynamic Learning Coefficient of
Japan’s PCs (1982-2002).
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Interpretation by the Empirical Analysis

(1)
(2)

(3)

(4)

PCs prices decreased rapidly when entering into market expansion period;

China’s government reduced tariff, abolished the system of import permission, the
protection ordinance of computer software was executed, and joint-production was
permitted ( it was restricted to foreign sale by themselves in domestic market)
during 1991, 1992. Foreign producers reduced their prices to expand their sales
share in the market.

China’s producers reduced prices to opposite foreign producers because of poor
functionality. However, it is limited to only depend on the effect of technology
spillover, it should expand range of learning including setting up new factories,
production and distribution.

Lenovo’s PCs had No.l share of China’s domestic market through the marketing
learning in 1996.
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4.5 Hybrid Management of Technology: Learning vs NIH
(1) Learning Efforts of Leading High-Technology Firms

2. Canon can be one of the typical example which learned system LSI, SCM and cell production system from
external market.

1. While learning coefficient has declined in Japan’s leading firms due to puffing-up of the success in the1980s
(Not Invented Here: NIH syndrome), certain high technology firms have maintained intensive learning.

2.2
2.0

Learning coefficient

\

\

1992 Canon

1997 Sharp

1999 Matsushita (Panasgpich=—"

2000 Hitachj

S

Inflecti
on year

Learning
coefficient
(2004/1990)

Canon 1992 1125
Sharp 1997 1.01
Panasonic 1999 0.97
Hitachi 2000 0.94

1980 1983 1986

1989

1992

1995

1998

2001 2004

2007 2010

Fig. 33. Learning Coefficients in 4 Electrical Machinery Firms (19s0-2003)

N
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(2) Bi-polarization of Technopreneurial Trajectory

0.60

0.40

030

020

0.10

0.00

Group B

Group B z

~

oS
12 E 15T Hitachi -
13 MAI M i i oT

atsushita (Panasonic)

N
14 NEC NEC .
- <
15 TOS Toshiba 3
16 FLT Fujitsu E
o
17 MTE Mitsubishi >
N
18 | TDK TDK =
N
19 TOK Tokyo Electron %
e
o
=
=
OIS (2004-2007) in 19 firms 3
"B
]
<
=

]

~|R

Group A

RN

1. Japan’s leading electrical machinery
firms demonstrate bi-polarization in
their technopreneurial trajectories.
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y 11 KEY Keyence

Fig. 34. Technoprenurial Positions of 19 Electrical Machinery Firms (2001-2004).

Firms technology progress W depends on the ratios of (1) R&D and operating income X and (i1) operating income and sales Y.

W =F (X, Y) Taylor expansion to the secondary term, nW =a + b InX+ cInY +dInX = InY (a4 b ¢ d coefficients)

InW, InX, InY — gI’OWth rate Of TFP, R/OI (R&D expenditure to O1), OI/S (operating income to sales)
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Organizational Inertia by Firm Size
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Fig. 35. Organizational Inertia Corresponding to Firm Size in Japan’s Leading

10 Electrical Machinery Firms (1995-1998).

(1)  Differences of the endeavor to technological diversification challenge due to organizational inertia by firm size
In7DI =a+ B, InR/S+ B,D(S)InR/S  TDI: Technological diversification index, R/S : R&D intensity.

(1i1) D(S) can be depicted by a logistic growth function.
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(3) Hybrid Management -Fusing East and West

(i) Japan is emerging from years of sluggish growth (Group A firms).
(i) Its firms appear to have produced something.

(ili) Management method that incorporates lessons from US firms (West)
while preserving the practices that once made Japanese firms famous (East).

International Herald Tribune
Thursday, August 31, 2006

Made in corporate Japan:
New approach to business

Hybrid management
fuses east and west
by Patrick L. Smith

TOKYO: Now that Japan is emerging
from years of sluggish growth, its cor-
porations appear to have produced
something few executives or analysts
expected even a few years ago: a man-
agement method that incorporates les-
sons from American companies while
preserving the practices that once
made Japanese companies famous.

Even a few years ago, it was widely
expected that recession and the mount-
ing pressures of global competition
would force corporate Japan to sur-
render such traditions as loyalty to em-
ployees and suppliers, responsibility to
stakeholders and the like. Prominent
analysts in the Tokyo offices of firms
like Goldman Sachs and Merrill Lynch
were among the most enthusiastic ex-
ponents of this view.

But a funny thing happened on the
way to the Japanese recovery. What
was almost universally written off as
Japan’s “lost decade” has left this na-
tion’s leading companies stunningly

competitive while still holding to the
corporate ethos for which they have
long been known.

“A lost decade? Nonsense. A painful
transition? Yes,” said James Abegglen,
chairman of the Asia Advisory Service
and an expert on Japanese corporate or-
ganization. “Companies have done what
had to be done to redesign themselves.
They've retained basic values while
changing what had to be changed.”

With Japan now recovering, what is
emerging here is a hybrid management
strategy that is partly Japanese and
partly Western, or a kind of “third way”
in the corner office. Executives, man-
agement experts and consultants say
this is producing a reinvigorated corpo-
rate sector that is more focused on
primary businesses, better able to max-
imize human capital, more dedicated
to advanced technologies such as ro-
botics and second to none in cost-effec-
tiveness.

The corporate ideal as this hybrid
takes hold here is Toyota, Japan’s lead-
ing auto maker. Company executives,
notably the chairman, Hiroshi Okuda,
have long been known for their cutting-
edge management methods even as

JAPAN, Continued on Page 14

AVAVNAVIAS

Close Merge
Fig. 43. Scheme of Fusion.

Fuse
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4.6 Necessity for Effective Learning

1. Success in Hybrid Management of Technology can be attributed to learning effects (West) based on
indigenous strength (East) thereby “fusing East and West”” was realized.

2. Fundamental ability distinguishing between
(1) To be learned and not to be learned, and

(2) To be able to learn and not able to learn.

3. For that following abilities are required:
(1) Curious to know new/exotic experience,

(2) Willing to be actively involved in the experience,

(3) Able to distinguish harm/good, and can/cannot,

(4) Able to reflect on the experience,

(5) Possessing analytical skilis to conceptualize, Absorptive capacity
(6) Possessing decision making and problem solving skills, Assimilation capacity

(7) Envisioning fusion between East and West. @

Effective utilization of spillover technology
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