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SUMMARY

While digitalization has changed the structure of industries, the recent digital
transformation has brought changes in society as a whole beyond the industrial
structure. Accordingly, national science and technology governance began to be
discussed from the perspective of socio—technicl system transition. This study
analyzes that digital transformation is the result of the process of co—evolution
between technology and society, and from this point of view, we try to examine
the mechanism of socio—technical system transition. In particular, previous studies,
we collected the cases of digital transformation and categorized to present policy
implications.

In this study, we propose a different perspective of socio—technical transition
of digital transformation. We summarized the multi—level perspective of
socio—technical transition and proposed a new perspective that influenced

socio—technical system transition. Moreover, by agent based modeling, we show that

niche's continuous failure had a negative effect on the socio—technie ystem

/

titive joint

transition. We also anaylze the negative impact of d
digital cartels are changing the economic and legal mea

//‘

actions. In this study, the possibility of price ge |
through computer simulation. //

In previous research, we reviewedsthe theory and proposed. the framework te
analyze the emefging new “industricsashealthcare
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factor for productivity growth.

This study presents a perspective on two causes that influence the socio—technical
system transtion. So far, it has been explained that the transition occurs when there
1s a landscape environmental change in line with the emergence and maturity of the
niche. We suggest that the transition would take place through stages such as
improvement of niches such as technology localization, and a change to a form that
accommodates the opposition of existing participants created as the niches grew. On
the other hand, it was suggested that the niche that could not achieve a regime change
solidifies the existing regime's participant network, and that they create social inertia
and stigma effects to block the emergence of new niches making. As a result, failed
niche make more difficult to change the regime in the future. Agent—based model
showed the phenomenon of further solidifying the existing regime. This reaffirms the
need to further strengthen various policy efforts to prevent falling into the “death

valley” in technology commercialization.

Digital cartel 1s changing the economic and legal meaning of monopoly, oligope
and fair competition, as in many cases of Uber and Amazon. In-this
relative efficiency of various strategies in the environm
by an algorithm using machine learning .-’://-

profit. It was also confirmed .// e cc

in this study, as in previousgstud
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Increasing structuration
of activities in local practices

Socio-technical

landscape
(eXOZenous
context) A Landscape developments o »
.*, p’ put pressure on existing regime, -
, % which opens up, 7 New regime
; * creating windows 7 influences
Mrbots. hiner - ffnj;mrm:il}' for novelties 7 |andscape
Sikokine preferent: \ - e /f+
. - — e \ f ¥

. Tndhisiry =
technical 4 WEL I
Scilenc
¥ I —
regime N i T
Paolicy -
> R 3 A b /;

I
Techhi gy’

hulu—l:.:.hliln..ll regime 15 ‘dynamically stable’. New configuration breaks through, taking

On dlfﬁ:n:-:' dignensions there are ongoing processes advantage of ‘wmd-?ws nl: Dppt‘ﬂl.ll.nit}". .
) ! Adjustments ocour in socio-technical regime.
1
/
| : /
External influences oh !‘h » Elements become aligned,
..x_!.u.rna :n 'f"‘"'_":_"":' o !_Im" e ; A and stabilise in a dominant design.
{via expectations and tm‘f"“rk” ;’;’ g Internal momentum ncreases.
\ -
§ -
\ 'I.‘_ -'; ‘_J
" L S e g A
Niche- kel T
i o e

innovations k%
f‘/ =% Small networks of actors support noveltics on the basis of expectations and visions,
Learning processes take place on multiple dimensions (co-construction )

Efforts to link different clements in a seamless web

» Time

* XI& : Geels (2011)
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Stage 4: Strategic recreation

Double-loop cognilive learning, Mai S

. i ajor external stress and continuing
change beliefs, mission, and — o —
identity as well as structural performance problems

technology and strategy

S:a te 3: Distant :‘9:."':}‘ and Accumulating external pressures
siralegic reorientation < and structural performance problems
Exploration of new technologies,

development of new capabilities,
which facilitate strategic change

Increasing external
Stage 2: Local search €— pressures and noticeable}eg—
Small adjustments in routines performance problems
and procedures, tighten controls
incremental innovation

Stage 1: Denial (blinded)

Routine reproduction| Increasing external pressures §
but not perceived or

mis-interpreted

Routine L
imited external «4—
reproduction | pregsures and

salisfactory
" 4 v performance |
Core beliefs, N Technology
mission, identity] | Strategy and P implement Regime becomes institutionalized
marketing

E£X : Geels (2014)
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7b AR ARt A A= FFS 24 SHLA ke 4FS i E|
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o1l =33k} (Geels, 2014).
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g, G AAREE 27 Az et AAFEH XA o]FstA i B
b sHA "ok ol F7|uit EWFE 4 L(dissatisfaction

leveD& S35t Ap4le] A BHPARE 24T o] AE= EHFAX
et ol F77HA] AEE EZP LA ek EWE F=E 795t

of d F7lof MEAA FHE ETEH 4 E(cumulative dissatisfaction level,
A4 = 7P ke BEEERAREY AgolH,
memory(m)-2 ©|d F7]19] @ Ao 7] doltt o]F AR HASHH of

ek Ao

CDL,=m s CDL,_,+(1—m)DC,

Normalized CDL+ HHFFAA & YA A7 FEXHRE SAY G 9
A= el fHxE AAsk=d AgdEn. ‘YA S FE2 ted Z2u b

X birth parameter &, 27|zt 0.0D).

p;=0b+ CDL,/CDL,,,...
B A G AAEY Ao wet AH(resource, R)E& ABAF -
ot 2R Al Y2 oA YZ(metabolism)ol A= [T13 2-4]9} Zro] &9
AHgeneration) ¥} E8l(allocation)”} 23 &2 FFo2 ZAGH} X
(price)xt AJ4AFE(output)ell Hl=ste] AarEHT BArE AdE =294
(physical capacity, PC)¢} A=2 5 H(nstitutional capacity, I0)2 Esj®c} P
L oA 71eEe 9% 288 <lZeKphysical infrastructure), 7]<3
(technical capacity), 3% AF¥(physical and knowledge capital), A4t

(production capacity) & 71&€9%d 4 9 1z FFo AMEEH= H&olH, IC

=

< H2YE HESLL Ax &5 & o dsst=d 2AstE H

ot
B{ly

o
I8 N oz o

@

2o
A

o= dod
ok SRy FAES PCH0.6% DAY A2 HE F Hagos
A"t 719, Bergman et al.(2008)3 ©]&%®1(2019) dAFolAE el H$
preference = 0.8, PC=100, CONST,,. erence =125 = 717831l A¥< Y53



R =price * output

output = min (PC+ 0.5, preference o CONST,

re ference)

[ 2-4] S8 9Ae] A gk - 8 AU

physical infrastructure,
technical capability, physical
and knowledge capital, and
production capacity
- Resource generation

metabolism
structure
resource : physica|
_ generation capacity :
setprice«=>" 4.4 :
allocation institutional E
capacity
networks of business,
industry, politicians,
lobbyists and other
actors
= Market share
=X 0|&2! (2019)
olgA AAH A RE& AIA" WolAs Aol et FAUS}, A4 5 AAl
274 o] dF(landscape)o] AL A ¥ 4 Qe o2 HoFUh oIt
AR O] FFS DB HAELY AAE olFAI7IHEA EFFAX] ot
strength® WA It E3F, EZPARS] A A= JFES b|AHA T
Aol He® AFL WsA/EA Fa% d%e dg LA FR Y
(government intervention), 82 A|<t, A Fol w2t Al FIFE vA= F
T A=Y AT A AREel 9F= vl 5 Uk SHARE ol¥l A+
of NEdolde] Bxe YA Azt A Ao v]AE P FHRL 3
& B0 7] f7d o] AANEA JFL AN



R=price » output « f(landscape signal, policy)

Ao} e FHRog 7377 2AHEY, 715k 2] 4x(depreciation,
=t @ F719] PC, ICY Z7= fpo2t f,o8 HlE =gt 24
Hoh AgAFolses AFAE Al e w2t f.0k f,.8 HleEs 23WE
O, fpe=[ =052 Zo] EFPLA7F e AHS PC, ICo| ARESt= A
BE fpo=/ =033 22 umz 2ZA0/3)eo] EZFAE] A -g(adaptation)]

AHeEYT Aos gEdos dgstyct (o] 21, 2019).

qupq_l(l_d)+CONSTPC b R * fPC

[q:[q_l(l_d)+00NST]C * R ® f[C

TP Y AES attractiveness functione] wel oJH EZFARES AT TA
243 Attractiveness function2 E53F Aol o DE=P YA strength

=
3yt distance(D) rol weEl 2R HG. dEFHR o EFF YR ol st
attractiveness A4 o231 ok o 27|32 0.05°]H, 121 7 %o strength
7F 8% 99lo] HH, 02 Ao+ T (satisfaction)”7} S 83 118 Q2l9]

o

Attractiveness ; ;= s sj—ij
CDLE Z7A3dl+= distance(D)+= attractivenesset A &ste] th33 Z2 FE
AP ET Eff= YA joll dizt F A=old, Imp= FolA o did T8
ol th).

2,

Attractiveness ; j=a ¢ s;— ODLiQ,j

: _ 2
Attractiveness ; ;= a ¢ s;— CDL; ;+ Imp; » Eff;
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(79 2-5] BRI} Dol 7 9NAH WAUZ

Consumers
System Update Preference Ask t f
— . < sk a consumer to prefer a |qm
calculating strength complex agent by
9 9 attractiveness function
\ 4
Check Inter-agent
N . =
€ Dynamics =
Q Q
£ £
§ Check for Complex §
o Does a po
§ niche clustering e Agent Type g
2 happen? Combine resources &
of parent niches
‘ v
Complex Agent Adapt Consumers Adapt
Move in practice space Move in practice space
using movement rules by landscape signal
£X: Lee et al. (2020)
2. A7 7|6 2d g
2 AFg A= AU EZ (Anylogic) Z2IH-& o] §3to] o]z F=2 F7te
Feudele A4S (19 2-6)% 2ol FHSIUL AFFHRALE AL
EEER 3t o]&R (2019= oA +2 33t Pye= AR 71 AH H A
= Zolv, p = A% ICT ¥

£



o}, AnylLogic Z=11H

ICT
Acceptance

(7)1

Socio-technical system

Formation of new social and
technological systems by dismantling
existing socio-technical regimeswith

effective utilization of new socio-
technical system forming bodies to
open spaces of opportunities opened
by environmental change

Technalogical
Perspective

Social
Perspective Legacy

AnyLogicE &3] -89 AA I€H2 [O19 2-713 Zh 7|4 ZFa 2%
< EFYAAE #HAE ey, B4 J2 G ARE A8AE UEd
ot ZF AR Aeaiel F2 ME Zh=d], o] M2 g AH|[ATE AZoh=
g Uetdth SFA dRsilxeol B AR Y YA = olFel 7he
Shal S AFQl AH|[ R o] F S| YheTh

-21 -



i ; | X} i 3
i f y : !
i : i ] ; i §
i t g ! Yoo i
; ; N i i i
; i” !f_' b i F t . ; i 1§
[T | by ' thi e LA 1
e ¥yt whg i *
i 'i b '? t y TF,"F% t 1 ;i 'r“r f., ii?
§ L § if ',,1‘ if 1t o) i !
i 'Htm { 'T' P8 ¢ ty by i
[} o\ LS TR = 1]
T/ % fg T Moty i
1aﬁ+ '1:1 ‘"r i_" ﬁq'. ,-'i .,r " fii N ¥ii o b
AN 1M ‘x Jda e ! f
g ,tf'r'.,g ﬁ,' ?‘i'-r'"iﬁiﬂ ¢ .. A ”ii' "I"fii H T L
: g i § i i § T i
¥ i 'iif_ ﬁ,:_ ;'i ‘;iiifi’ |!i ] i" i E?ii‘;‘1’| : I;': 1y ' i
TOHE W Lo T T T i i
i, ”,'.ﬁ”{“ ”ﬂ!lh, it j‘i'--.'i'i I"'r"'rj" '1 iy ;
i 1. -q‘ili w'"ifvi' iﬂ”' AL %A ' W i b
iiiF. "ii{i i ;'i;‘i-"jf" ‘: ‘fl' i ‘iﬂiﬁ boagly g
v T A TR gt B \
LI 5 TR E LR B L
T, B Hiw TN - LI
i I BT P LTH b i th o i i
p? sx g Ty v CURER 2 i
| 8 ol { f o™
i by LI B W L4 I . i
™o P 0w LI d ot
) i,'li'! ' |‘:'+I ii f i § ii
At Lee et al. (2020)
= A= YA Aot #He FastE Flsty] fstel Rl E A
g3 73 UA 39 2719 BB AT A AAs Ao A3
P EFqFHAE olAE 2 T 4 Y 500, 500= SHLE 2004
Ao AHFEEE FEE FAYRE 4T YA 39 EFAAX= +
379 10001 RA oA st ojxpd Fx FIF fofl AFA ] L
GEP A= B AR Ao At AZE 25 el EF

o
5y
i

0%
>
=
4 b

resource generation¥} PC, ICE <] resource allocation®. = -+ =},
A1) metabolismell= o9t m TetnE gro] EPxto] it Ao o
ok & Al=Egeld ddo &&Ee HZtugEo] e F 9
7182 <F 2-4>8F Lt

2
o2
of 4o

a4 Lorfo o o N 1o Jo &
(o

)

2o

e o

22 -



<HE 2-0 NE

ol stetnle] ol w27t

= 2ol g | =7\ gk
Regime_X Bl A2 XZF AlEF 2| X| uniform(400,600)
i FNEe] = A|lXF 2| % .
T Regime_Y 2| &2 Y=_; |2 2| x| uniform(400,600)
Niche_X L x| X&F AlZEF 2% uniform(0,100)
Niche_Y Lx|2] Y& AlZF 9% uniform(0,100)
, Resource generationol| &&=
price 2elEE] Mu|X 0|8 I 3000
¢ PC Resource & phylsical capacity i 0.33
f1C Resource & institultional capacity =l 0.33
SR | CONST_PC PC weight parameter 0.003
metabolism
CONST_IC IC weight parameter 0.003
CONDSOTrt_sup Support weight parameter 125
depreciation T}x|st=t X 0.1
speed ST X} £ 0.005
nSupporters CreSi A X 5= 100
Ct=3ll | X} | Supporters_X CHEA QX X&E Ex normal(500,250)
Supporters_Y Cr=3li oKX} Y& Ex normal(500,250)
. : AlLtg| o] 2}
7|Z& strength(Institutional capacity)o|
|_—_I_|.$3c|;| _?_le_ alpha EH?_I' Weight 0.5, 1.0é51.5, 2.0,
metabolism :
memory T-17129| cproll thst 7| 0.5
Az Qlet AlAEolA  E4EIRe] 5 emergence of niche)¥ AH

(disappearance of niche)ol] tHat HAUES th33 2ok M54 58T E4F A
= IMAHEYE 5 otd F & ER39A7 9FS vIAA XSk o8 ded
A2Le] Zhdlol A 50%8 SEE FASHA "ot oldf, o] BRI Yz
g3 = ﬂb‘ri AA5HA He=d, AA 5

A7F A A F A=+ 15%
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24 2392 50026 47582 | 20.91 2.81 6.30 12.33 1.96

Uniform2= €259 Hg4do] mi¢ "ojxm S8 58 olYoAE f2stA £

7497t HASY

<% 3-14> Q-learning vs.

Uniform2¢] 23}

Winner Tally Average Cumulative Profit
s Firm1 Firm?2 Draw Ratio Rat‘lo Firm1 Firm?2 Ratio?
3 13254 49200 37546 3.71 2.12 3.56 6.90 1.95
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24 50627 48342 1031 0.95 0.95 7.94 7.46 0.90

71427k A gl diet 4 P4 &89 + e 454 Z3= Uniformd]
=] A
o

R
ula) g3t B4 ol AL Q-Agent] vl

A YRS BRHOE BEY & Yk /19 A Y WALl Y Aol vl
583} o9 BF 4¢3 AWES 9L 5 Utk 53 Uniform AZS k gol BAg]
HH S8} 0]o 2 Holt Heke] fhEAH Aol SHelx it

- 58 -



1.00
050 0.90
0.80 0.80

k=2 k=3
0.70 070
060 0.60
050 050
0.40 0.40
030 030
020 020
0.10 0.10
0.00 0.00

FLAVG  FIMIN FIMAX F2AVG  FIMIN  F2MAX W_AVG W_MIN W_MAX FIAVG FIMIN FIMAX F2AVG F2MIN FZMAX W_AVG W_MIN W_MAX

1.00

k:6 k
=12
1.00 .
0.0 0
080 oo
0.70 0.70
0.60 0.60
0.50 0.50
0.40 0.40
0.30 0.30
0.20 0.20
0.i0 0.10
0.00 0.00
F1AVG  FIMIN F1MAX F2ZAVG F2ZMIN FIMAX W_AVG W_MIN W_MAX F1AVG  FIMIN FIMAX F2AVG F2ZMIN FZMAX W_AVG W_MIN W_MAX

k=24
0.70
0.60
0.50
0.40
030
0.20
0.10
0.00

F1AVG  FIMIN FIMAX F2AVG F2ZMIN  F2MAX W_AVG W_MIN W_MAX

[Z219 3-10] Q-Agent vs. Uniform S-Agent®] 714 EX %

=2 EE k goll diet 7H4S vlast Aol

mk=2 mk=3 mk=6 mk=12 k=24

1.00
0.90

0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

FIAVG FIMIN F1MAX F2AVG F2MIN F2ZMAX W_AVG W_MIN W_MAX

(19 3-11]1 REkghel oist Q-Agent vs. Uniform S-Agent®] 714 X =

- 59 -



thS J#fz Q-Agentot Uniform HZFE AHgsl: S-Agent 7H0] Ado|A E4 rung
F 50 39 714 ¥ Folg HA Ao ]
& ATE B Iz of o T B

1

g
0.7
B
5

2
0.2
1

1 3 5 7 9 111315171921 23 25 27 29 31 33 35 37 39 41 43 45 47 49

e ] — T2

[18 3-12] Q-Agent vs. Uniform S-Agent 7}2 AA] o]

=
A4S AATH. 1 23 Q-Agento]l W3 $E°] w= #H ofyzh 271 3l
C2H ok £d & 3tk oA +8 FEE FEot A4

2 7}AS AAshs S-Agentol hote] Q-Agent= ETFHOZ kA Rt A7t 9

i)
o
-
R
(K
r|r
@
&
@
=
1o
c
=)
=2
S
=]
Do
2
A5
o
>~
ok
ol
rr
9
&
@
=
L
1o
ol
at
2
2
N
S
ih)
rE
ofr

2

- 60 -



(=T = T = T~ T ~ |
L = L - =]

[ S - WPy —
= TR = T = N ¥ ) 1=

13 5 7 95 111315171921 2325 27 29 31 33 35 37 39 41 43 45 47 49

e ] — 2

[19 3-13] Q-Agentvs. Uniform2 S-Agent 7}2 A A] o]

oo ZAE A Sloto] AR TE o]9S Mol i £ RS Agdte] A
0E A% v BASIR Stk o IHZES Uniform AZS AHESHE S-Agentrt
kel grol 6, 12, 2490 v Q-Agente] Hle} AThHOR of@ o]¢] HEL Holtx EA 3

-61 -



Uniform 6 Uniform 12 Uniform 24

2 Pl 2.8
e g ' . cmmmem ® §
1.95 u | I ., ._,»'l. e
[} .0 |= l . (] ‘
. 24 L
19 2 ° $ % ° “
eef L0 L] ‘. b
PR A e
185 . R 18 ' b 0".-;‘.
. 2 $° e e
s o'y ‘ . 2%
16 T S 18 :
° *% e °
175 o® ° ®
‘ ® 1.6 ® . M (R ]
14 LI °® (] "
17 £2 o ...‘ hd
] ® . 14 ‘ “ *%
o‘ ‘ ® o
12
165 1.2 ° L I .

038 0.85 09 0.95 1 1.05 0.5 0.7 0.8 1.1 0.5 0.7 09 11 13 15

Ao A B £971 FEHOR BISUE Ay £aF5 AHESHE F9ol vl o] &
27 de) BA Aok 2A49) 718717k 2 AEeER JldeE J110] Pk olod B
of Bls) QB YA 2 9 olofS P AL FAT 5 ek

Winner Tally Average Cumulative Profit
i Firm1 Firm2 Draw Ratio Rat‘lo Firm1 Firm2 Ratio?
3 0 0 100000 1 1 2.20 2.20 1

-62 -



6 25000 25000 | 50000 1 1 2.07 2.07 1

12 44000 44000 | 12000 1 1 2.04 2.04 1

24 48250 48250 3500 1 1 2.10 2.10 1
Shal Tit-for-Tatd] 99 GUES A4 HgA WY AL BHE AUFoz A
o MHSHA b oAl k ghol A A% Q-Leaming®] &gl oS ot dxt A%

Y FnelEe B4

{3 3-16> Q-learning vs. Strict Tit-for-tate] W= A Azt

Winner Tally Average Cumulative Profit
. Firm1 Firm2 Draw Ratio feie Firm1 Firm2 | Ratio?
3 25000 75000 0 3 3 .10 1.10 1
6 33343 66657 0 2 2 1.52 2.25 1.48
12 37590 62410 0 1.66 1.66 1.78 2.51
24 42850 57150 0 1.33 1.33 2.01 2.38

X

I8y 8 FHE E¥xoz Bist 71949 Uniform &
2 i

O
| B o

1o

SiEs
10
oo o
o

¢

<& 3-17> Q-learning vs. Uniform<]

Winner Tally Average Cumulative Profit
£ Firm1 Firm?2 Draw Ratio Rat‘lo Firm1 Firm?2 Ratio?
3 0 49500 | 50500 _ 2.96 419 8.03 1.92
6 132 49984 | 49984 | 378.66 | 2.98 5.70 10.90 1.87
12 2283 49984 | 47733 | 21.90 | 2.82 7.99 16.43 2.06
24 2392 50026 47582 | 20.91 2.81 6.30 12.33 1.96
oVFolA k 3ol FFE Aest kol mek kR FER Uehn), o] gro] 248 R
587} ZasAY S80I oldo] HEELE gHo] SEAL AL AT 4 Ak UA



sto]w utetn| 7}

©

H

g s 2e @

749 Q-learning vs. Q-learning 4

SKk=6, « varied)

Qvs. Q $E1} o]9] ¥

=
_—

Lo uk

=
“=| O
o
o
(o)
=
=
©| N oo |w|+—|w©
S| € 12|22 2R
el T AN —
>
O
(o)
w = < |0 |0 |©|m
S E | |ooe>|D
oVu i AN A —|—
<
O
= .
o] | vV |/ v/ | —
o
@)
2
S | vV |/ v/ | —
o
>
T = 22eeLee
L sllsllsllslislis)
T oloo|lo|o|o
| A |©OoO|xo|~|©
Qm — || || <
=
= « |oloolololo
c |[99|o9|o|o
E bololo|n|o
= |A|OD|© ||~
L <N Qe
— |O|lo|lo|lo|o|o
c [9992|9|2
C bololo|n|o
= A O|W0 O[O~
L <N Qe
o|lo|w|olwv|o
x |Q N IN©
o|lolo|lo|o|—

Foick

iy

& Q-learning vs. Uniforme] o3}

3|
=

6, a varied)

k(e

o]
2]

Q vs. Uniform &3} ©]

o m&

T

= oy o
“—=| o
ol = e
o % (qV
o)
=
=
| N Lo
S| E _M
| £ | |
O
®
o — N~
m € | o
I
O o |0
ms65
R ¥ | T
O oo
..nw. M~ (A
o — |Q\l
>
= N~ |oo
& Z oo
S gg
 —
(D) D — <
[
=
W al — O
e Jm
= 5|3
L ojm
— ||
£ |©|©
C |— |
= o~
LL o |[+—
oo
X~ ol A
oo

- 64 -



0.25 2973 50618 | 46409 | 17.03 | 2.82 6.82 13.09 1.92

: 2. :
0.50 132 49984 | 49984 6 %8 5.70 10.90 187

0.75 9197 49222 | 41581 | 5.35 | 2.33 5.68 11.27 1.98
1.00 5744 50163 | 44093 | 8.73 | 2.60 7.30 16.30 2.23

Aol HE agel wet /1919 Selst BHE MESE @ WEo] gout o]
Tol 71929 9 WEse A9 2L 5
BAo] 71927k 2019 A o]elg i Ao] BB

Uniform A dFEES 7HEst 8 FEE Aottt olA" ofd o&df o3

7 Hlolg7t obd W TINke] Ae2 AR AT AA EHTE Al B
7k et o] =] AR ES Felst] flsted AP 8 FES AR &1l 9lojA olF
8% & 9= Linear A9 S-Agent'= AASte] Uniforme] 7299 was) Hokth o
-Agents 8 e AY RS AR V|97 SHACE 8 RS A1 Sle
B 8 dde 0o obd FEZSo wiall Q-Learningt StrictTfT 7he-dll o FabAl A
Fg 5o AEsict

t&2 Q-Agentet Linear M-S A3k S-Agente] &l $EF o= Eel Ao

oh

<GE 320> k gholl o Q vs. Linear 7He] A&l &3} o]¢] w3}

Average Cumulative

Winner Tally

Profit
K Ratio
Firm1 Firm?2 Draw Ratio ‘ Firm1 Firm?2 Ratio?
3 0 0 100000 1 1 2.20 2.20 1

6 4045 9806 86149 | 2.42 1.12 1.38 1.88 1.36
12 34866 | 63259 1875 1.81 1.79 1.56 2.50 1.60
24 36571 63289 140 1.73 1.73 1.69 2.63 1.55

Aol A EW Linear M2 Uniform M= =99 zolgt Q& B thE E HoA
Uy $ET ©]Yg2 Uniformo] HI3] @A yebdch 13y k ol st J3 79
L= A ettt

- 65 -



the J#Z Q-Agentol Linear AZFS AFEaH= S-Agent7re] A oA 712 HE 2o
£ EQl Aotk

=
L
L
-]
o

11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 45 45 47 49

— ] — 2

[19 3-15] Q-Agent vs. Linear S-Agent 7}2 AJA] Zo]

ool A Hol Q-Agent vs. Uniform S-AgentE st 1]z ¢} H]EI_BH H Linear A
A% 7190] 71248 *E o UniformEcs »87 gi4sts AS 2o =g 1 A3 &
Eolt o]Yox Pt vHSS ¢+ Utk

- 66 -



ASE &2

L A¥ 29 o

il
A

74 AA G olA o
Aol

3

o <

A F7HA

=
T—

o 7]
Fob

°

2~
T

I omorch o

-
.

7 s
o] WE Wl A FHAH (

3ol

3

oS

eR
=

Q-Learning

7192

btel

)

st

s g

) Q-Learning

714

Tit-for-Tat

o
—

B

jo
o]
o
IH
ioH
Jlo
N

o2l 7Hd=5 7hed ddd v

Fibel ZhAR A4

S

3

7 9

| A

g S0} Tit-for-Tatw @& et

GES S, He AT el 5

o}
=

o} 7]

Al

2ot
k7ol A Tit-for-Tate] o

L
T

o] oeld 7Azte}

ot

jo

o]
=

AFAA= 71& 7% &

=

—~
Jfe]

H} Uniform

3

=
R

At ol

oA Q-Learning

Ton
ol

B

.
[Jle]

Ton
<

ojn

0

<
el
oH
5

n_mo
ﬂﬂ

J
oW

[e)

ar

]

et o

AR&Sh= 71}l

S
=

Linear A=F% Uniform

3

14e 9
Q-Learning

J|

ol

3]

Rk

73 &

s

F8

i

%, =79] Q-Learning

Tor

Hof o]lz7Fe] offof &ALl 714

Ho

T 1

o}o

1o

SFA]

el geAE B

==
—

i 19l Z23e] o]

S

-67 -



it oAl ol

i

0

ol

oF zA7b agE

3 388 F

g

2. B3R H A}

o7t qEets

‘é‘;}l—

2l

Aol A

o

o]},

—

o

=)

o ARt

)

H AtA+S2l ofof Z[0f

2to| of

<]

=lojofat &

olof

2tz
=

H AR AE

5

ZActH

Sl

A
e

o

ojo

i[E;

30
no
M0
T_

o3

H

0

<lo
<0

I 7 bk

o
=

<of 1>

T35t 70| SAlol 2l

=
=

<off 2> MI}t FH=0 UZol T

OF

0
1
for:

<

oll

2ARRE F2Xte X2[H

i
=}

o| =tol,

#

A =

o
=

o= 7t

<0f 2>

0F
0
10l
oll
lHo

o
Hr
lHo

o

{d

N

e

i

s

70|

2ol =2

A2

OH

|7} glol= delel X7t ofz

o

\Y

1)

ol = 7HE AtHAS2l 7H20| %[5

K

Ol

Hi
—

<0 2> Hehe

oA #elel YT} ol 2o{A B

- 68 -



tHEAE, 2020). 1

1
AN

o)

il o]

749

ou =

AEE

ol
e

I

iy

)
H

o)

ol

ol
o

!

0

ol
!
T

B

©

<K

7ol

S}
of

7ol
~0

Gt

=0

ﬁo

X

(Tacit

A2 = Posner7b 1960 o 2 & <]

N

—

S}
of

H

M

Collusion) 2.

—_
jo

ol

B0
o

MO

B

o

s
5

wn_wo

X

<
o]

—_—

0
Gy

ol

== At

S}
=]

o m] 7}

th

5

gof

(Algorithmic Collusion)©] &=

S
H

!

o

0

7ol

oH

o

7ol

e

J))

7ol

o

©

-
M

oF

5
5
o
X
<
o]

2](Conscious

3

%

CRER

L
8le

o %

ol

o

of

s

1
o obutt.

Tz

S}
=

(Tacit Agreement)®= 3Z

A

7}

A
T

Parallelism)

1

)
1o

mj
mmo

ol

ol

A A o] o]l LAl

i el
A

T (3

s

Aol o

2

3
S|

1 A, @ =%

A =

(Darr, 2020).

ol
.

oA

Al

- 69 -



ok

A5

A
=

BRI
tetd ByUEg % gA

olo| =

=3

e

o] Yetd 7ol Eee EATh

o}
=2

=
=5 23§49

g o

]

AA= o

B

o

=n

)

.z..__l
if!
oF

7°

ol

o

Nfo
i

ojn

1)

o

oX
G

oV

=

), 1 &aE

o)
Gl
ol
,_wo

go

pjm

—_
o

—~
jo

<|m

ol

ol

o

ol

R

1
<

T
B

G EAEE e et

FA7 27

kel
T

A, Q) AP AL (3) AL

oF

Slob el Ao

a27F At

2

=% 2
hvid|
=

[e13
=

3fj of

1, A&3 4

o

o
mo
fuy
ol
N

)
B

o

g, @) AFd AAe 7P

s

o

Ko}
T

A

-70 -



Aelth. A,

1)
o
Hr

N
mj

]_

T

=4

at

e

=7

9

A
pa

= o]

=

3171 ool 7habe] A

FAE =95

(€]

T

A A, A

AL
__OO

| A 379 742 Az

o)
K

|
G5

Slof A

o

7+

q_E

o

I oAae ast gl

[e)

o
ml
o
)

3

o

H

J_,NO

1

—

o)

{F

oV

B

o

o] Uniform

/\6]'5

[e)

1S A
A 3 SEI 2609 o] e

oF o
1o -
i<k

A
T

ALt

—
o

A
%9

-71 -



tet. Tit-for-Tate] M-S At

°

7 98

k7t AZS+E Q-Agent7} A A

L e
g

3

Uniform % =2F9]

3t

H)
o
oF
ol
Ton
<

mjy

5B
¢

oV

o

J)

B!
)

3

i

a7t gt

-72 -



A4 &
L

g Al
o, E4), gAg Age] BH|A o}

=
T

do] 7]

o A
o=

=
=

Al, 94

3l

A

7t

Nf-

33

S

o

Al GAS

A=iye)
[

o xpere] 7

}-

=
=

=
T

a8 3 7

At

3N

Q

Faat
S AA S Aol Lo
A A

5

Al AF

ol

ol

N}

of

of

_#o_o

i

i
o

o #¢

=
A&

=°]

A=)

o] 759 o

o

i
jo

=y

B

of
M

W

o)

Tor

oral

ile)

oA o

A AN B

3

oo

toh ey Z1dEe] A3 47

°

15t e ol
e 8

Sl o

]

B

S

S|
A

A 27t AA

L
T

-73 -



= =A

4 2ot

3 s

53]

ol
N
o
ol

ion

Nio
oF

N

1

E)

o

b Aol

°

7t Ba

B!

A, HA

=
=

AAIZ wAYS StellA ol& =%

—

0

4

ol

—

o)

{F

oV

olJ

- 74 -



7&21—‘% (2017), F%EILFJ%EE w4ols A "AE =" TkeA A,
ﬁﬂ AEE, HFAl, FEA, ARA, 9 A (018), Ty s 9o BAEA ],

T (2020) [Al

Abernathy, W. J., & Utterback, J. M. (1978). Patterns of industrial innovation. 7echnology Review,
8AT), 40-47.

Bergman, N., Haxeltine, A., Whitmarsh, L., Kohler, J., Schilperoord, M., & Rotmans, J. (2008).

Modelling socio-technical transition patterns and pathways. Journal of Artificial Societies and
Social Simulation, 143), 1-32.

Bidmon, C. M., & Knab, S. F. (2018). The three roles of business models in societal transitions:

New linkages between business model and transition research. Journal of Cleaner Production,
178, 903-916.

Carlsson, B., & Stankiewicz, R. (1991). On the nature, function and composition of technological
systems. Journal of Evolutionary Economics, X2), 93-118.

Chesbrough, H., & Rosenbloom, R. S. (2002). The role of the business model in capturing value
from innovation: evidence from Xerox Corporation’s technology spin-off companies. Zndustrial
and Corporate Change, 113), 529-555.

Darr, A. (2020). Algorithms in the market place - the eftect and the treatment
Deng, A. (2018), What Do We Know About Algorithmic Tacit Collusion?. Antitrust, 33(1), 1-17.

Dushnitsky, G., & Lenox, M. J. (2005). When do incumbents learn from entrepreneurial ventures?:

- 75 -



Corporateventure capital and investing firm innovation rates. Research Policy, 545), 615-639.

Emilio Calvano, Giacomo Calzolari, Vincenzo Denicold, Sergio Pastorello. (2018), Artificial
Intelligence, algorithmic pricing and collusion, London, Center for Economic Policy Research.

Freeman, C. (1995). The ‘National System of Innovation’in historical perspective. Cambridge
Journal of Economics, 141), 5-24.

Fuenfschilling, L., & Truffer, B. (2014). The structuration of socio-technical regimes—Conceptual
foundations from institutional theory. Research FPolicy, 434), 772-T91.

Geels, F. W. (2005). Technological transitions and system innovations: a co-evolutionary and

socio-technical analysis. Edward Elgar Publishing.

Geels, F. W. (2011). The multi-level perspective on sustainability transitions: Responses to seven

criticisms. Environmental lnnovation and Societal Transitions, K1), 24-40.

Geels, F. W. (2014). Reconceptualising the co-evolution of firms-in-industries and their
environments: Developing an inter-disciplinary Triple Embeddedness Framework. Research
Policy, 432), 261-277.

Hegger, D. L., Van Vliet, J., & Van Vliet, B. J. (2007). Niche management and its contribution
to regime change: the case of innovation in sanitation. 7echnology Analysis & Strategic
Management, 196), 729-746.

Hillman, A. J., Keim, G. D., & Schuler, D. (2004). Corporate political activity: A review and research
agenda. Journal of Management, 306), 837-857.

Kemp, R., Schot, J., & Hoogma, R. (1998). Regime shifts to sustainability through processes of
niche formation: the approach of strategic niche management. 7echnology Analysis & Strategic
Management, 102), 175-198.

Kohler, J., Whitmarsh, L., Nykvist, B., Schilperoord, M., Bergman, N., & Haxeltine, A. (2009).
A transitions model for sustainable mobility. Ecological Economics, 6812), 2985-2995.

Lee, J., Kim K., Park, G. (2021) Niche-regime interaction through the business model in

socio-technical transition: Focused on shared mobility services in China and South Korea,

-76 -



Working Paper.

Lee, J., Kim, J., Kim, H., & Hwang, J. (2020). Sustainability of ride-hailing services in China’s
mobility market: A simulation model of socio-technical system transition. 7elematics and
Informatics, 101435, 1-14.

Lundvall, B. A. (2007). National innovation systems—analytical concept and development tool.
Industry and innovation, 141), 95-119.

Lynn, L. H.,, Reddy, N. M., & Aram, J. D. (1996). Linking technology and institutions: the innovation
community framework. Research Policy, 241), 91-106.

Mason, K. J., & Leek, S. (2008). Learning to build a supply network: an exploration of dynamic
business models. Journal of Management Studies, 434), 774-799.

Nelson, R. R., & Winter, S. G. (1982). The Schumpeterian tradeoff revisited. 7he American
Economic Review, 741), 114-132.

OECD. (2017), Algorithms and Collusion: Competition Policy in the Digital Age.

Schot, J. (1998). The usefulness of evolutionary models for explaining innovation. The case of
the Netherlands in the nineteenth century. History and Technology, 143), 173-200.

Timo Klein. (2018), [ Autonomous Algorithmic Collusion: Q-Learning Under Sequential Pricing | ,
No 18-056/VIl, Tinbergen Institute Discussion Papers from Tinbergen Institute. (Date:
2018-06-21, Revised 2019-11-01)

Van den Ende, J., & Kemp, R. (1999). Technological transformations in history: how the computer

regimegrew out of existing computing regimes. Research policy, Z88), 833-851.

-77 -



1 o] BRIAE AxEgolgadTacls 8% ATRILA
2 o] HIAO e WHY wol WA ALEYoPAATLNA S
AT ATYE BrEok Sk
HINS/F=

9% 791187 09045
ISBM 979-11-970904-5-5 (PDF)

Falol o) Z4H [SPRI XAl F3AZE Afol&ssh BA7|E

F(EARA-FAH ) GFA-AAFF A wet o] it

[e)
AA
& olgo] AN, FLBAOR ol§F 4 gla, WA glo] A ol gslol Fh)

ol

2
e
il



