Journal of Digital Convergence ISSN 2713—6434 / eISSN 2713—6442
Vol. 19. No. 7, pp. 95—111, 2021 https://doi.org/10.14400/JDC.2021.19.7.095

QA 5} W dlo]El 7L A7)
wA, Adele e Fiow

1 =
A 5
998 Fvjeta 4 Aeta vt

The Effect of Al and Big Data on an Entry Firm:
Game Theoretic Approach

Jikhan Jeong
Ph.D. Candidate, School of Economic Sciences, Washington State University

£ oF Q13A%3} vejolE o] /| EH AN E Q1345 wulolEk A Pl that o] RATEE ofd 27|
Q184 Bldlole, Hlol8] 7k ATt WY/ vIHE GG Al BS FEste] w43}

z
o SRR H*d% A1) AR Aol B 5 ek olel AR

N
i
N
u:E
o
e
oo oH
3
oy F
u
K
LN
g
it
_E
5:

Abstract Despite the innovation of Al and Big Data, theoretical research bout the effect of Al and Big
Data on market competition is still in early stages; therefore, this paper analyzes the effect of Al, Big
Data, and data sharing on an entry firm by using game theory. In detail, the firms' business
environments are divided into internal and external ones. Then, Al algorithms are divided into
algorithms for (1) customer marketing, (2) cost reduction without automation, and (3) cost reduction
with automation. Big Data is also divided into external and internal data. this study shows that the
sharing of external data does not affect the incumbent firm's algorithms for consumer marketing while
lessening the entry firm's entry barrier. Improving the incumbent firm's algorithms for cost reduction
(with and without automation) and external data can be an entry barrier for the entry firm. These
findings can be helpful (1) to analyze the effect of AI, Big Data, and data sharing on market structure,

market competition, and firm behaviors and (2) to design policy for Al and Big Data.
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ol o] Bzt HFE S As/iA, P
w2 ol ¥ A% (Artificial Intelligence; Al)o] &gt
ok 2ol &= ALS|}E} oA vhekalAl 28w AL St

Stanford theltell Al @78k 202113 Al Index H.3LA]
o W el = 20201d MAS] Q1EAs F-iell
g 719938 %A} (Corporate Investment): 2019
] 40% S7kstel & 6799 EEE F4H) [1].

m Private Investment = Public Offering ~ Merger/Acquisition - Minority Stake
(Unit: Millions of U.S. Dollars)
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Fig. 1. Global Corporate Investment in AI [1]
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Fig. 2. Global Private Investment in AT [1]
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olAH Hdel = Fie] 7IHES AAY AstE ¢

_4
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Ul Ao A (Natural Language Processing;
NLP) o] =uie] 53] 4] A3 =] 53] 4= 7]
% Uy 7.9% Fo 2 AAd ez nju]sl Holt} [4].
T =l A2t =i volHE 283 7l Al
GHEA A5t Ao M= S Q1A ?“:‘ 2l
Neural Network) #& 157} Wgkow o]
Tolq A B FEdATE s o [5]
o2]gk Alol| theh Ak ¥4l Shehol Al9] 7]=4]
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Varian (2018)> Al= th¥gh B2 o2 28 7Fsgh
HA A 7)< (General Purpose Technology)®X4 7]
dEol GFE vA Aolekal 43T [6]. Bajari et
al. (2015)2 AFEA S &8l HHlo|g7t aL7le] a4
Soll A= FES EA T [7]. Kleinberg et al
(2015)> WAl de] §-3F of|53-L AAAT el =
28 Aolglar £33} [8]. Farboodi et al. (2019)%
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7F At 7190e) APRIS) Al Al dEe s 9
& mAEAIS ] Alglel2S Agaelth JFAE Lt
gl5Ee SAE HulolHet Avde 71ie] el
e e Addele RS =&

53] 23 UlellA el daeFes 7199 olf

Sjsh 3gelAle] ofgol ntel Al 44 ERsele
wejolelske] #A1% 71919] Vol el el 54
How wZaqn.

2ol A= A Aslol el tal 7herel Ana)

o]F leAle darelFel vig o FPES APAT

2.2 Aol

2.2.1 Aldo]FEolzk?

n| Al Aol Al Aldol gt iz} (Player)2] B4
(Payoff)7} 3 #ed=le] &5 (Action) £]oll= 7=}
o] FFo| JEFgFS W= AES ousit),

Al FAREL 2159 HE FUslsh] 25k
34 (Rational) .2 353} AH|Rle] A9-o= &
LIU3E 719 Aol olaTFEE F73h

Agfolgt Alde] HogxlEe] 7] ] Adsks des
o] APdA AYE ofujshy s)Folgt o]ggt Mg Fof
Adge Ags on|dio)

Aol Aol 74 (Equilibrium)o]@ 71259 3]
AE 7o R B o) A dgS ek dgf
o] %S onlgit). ojul] BE Fojrprt A HEF o)
E} dEke MElste] #8S ojgd f-2lo] gli= AH)

2 2nlAst 71900 e 5 vk golasel 4
o 3t JARAL 91sto] B8 Uk (12, 13]

2.2.2 AV =7

Aol T Foaksol BAAES] dehe st

I HARAY (Game of Perfect Information)
o ARAAES] el oigh FR7E Al Bk g R
9] (Game of Incomplete Information)©] $Ith. =&
Fofz o] BAAAES] sl gk Abd A2 glo]
Al SAPEA S 3= A1 AIY (Static Game) 2} ©]
N2 SAE 7Y JAPEAR S sk oAF AlY
ol 7Fs et 2 =i

o oft b X B

(Sequence Game) 2. &%=

@3t A mEe A,

2.2.3 TrEFAM L (Stackelberg) 53
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HA] QAFA T ARE EA4 0| ule} 4] 37| = X =8+
% (Supervised Learning), P A]%=385 (Unsupervised
Learning), 73}8+5 (Reinforcement Learning) &2

o] 7Fs st

AreshFolgh e Als RS B 7k ) S5
o} HHHUFEL] Ho|ElE E3lo] SHA1 F i ¢
dlo]8 (Out—of—Sample)?] THHTES A5ch= =
dsolt), o & 5% Hong (2020)2 AAl AAARE
EHUTE FHGE SEUFE R U] HolHE &
sto] QIEA s SHEAIXL & it 9] 7I3He] F7HA
£ o539t} [14]. T8 Choi et al. (2018)2 3AlE
o] ojmdolHE SHWTE Ao AU THHT
2 3 U dolHE B8l JIEHA5E EAIR - B
9] 7|3t ALLFE FEqlt [15]

s oe= AxE ¥WE #Al (Support Vector

Machine), &JAVE2AE 2 (Decision Tree) & HES
A ZdEo] o] sd-si),

A AFE 71 EAR A G RYES V|E Bl
(Base Model) & th4=2] 7|2 RdlE5S B4-2 233

d &8l RAES olxE 2l (Ensemble Model) o] 2}
3 sk} gigdo® oA ARYUTE V|2 R 5 Ay
¥ 2~E (Random Forest)4} o}t -~E (AdaBoost)

ol 3t

ek 2o ey BEES SHAS AA Al A
7t 52 SAATAPE A7-EA 0] whet dlolElE A
= 9] x|V o8 (Feature Engineering) -4 o]
4 a5ttt olgf g MAled RS A A E Fo 5
Z|stE]o] fiE o] 7hsdk A dlolH (Structured Data)
o] o FoA HHoE £& Hes BolFaL T
AEA5e F8 gl F sl Heldel Aol
= olm A, Ade], A4, B4 5 HAE dHolH
(Unstructured Data)& thF o= gk 2413 oSl 4
AL 7H AL Stk 53] HedS 34 Ao FE H
Aslsial sholl dagh thf AEE H|AE dlo|EolA
F=3) Folxl 45 945k End—to—End WAl
o= AR JITAs darg|Folt). ofuf zpedo] Az
(Natural Language Processing)$} o] HHAEE )
olB| & ste] Aol o] FERSI A9 d5S
7A5E] F8ho| A= Structured Prediction®] 2FaL s
71E EAENE dib] delde] S Bolal gl

o2

B
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Rl

S

NI Shgrole Sl B WIS Slete] B4
T glo] SUNFENS B9 £HsH mdol), UlE
Al HAE BASG RO RE FHUSF glo] thake
o EANFES Fad Augk sl A9l Wie

2+9S  Z438k= Principal Component Analysis
(PCA)7} aith. &3k HedS &8l vk tlo]E 9]
2HS FH4sHE L EANFE (AutoEncoder) = HA| %=
Skl e gt of2] g HIX|=8kEE kA AE3 ZA]
H dlolE] 1te] WAE =ESte] 2ustetr v o
HolEE AxPoz F4E v ALgH) o= 5
Choi (2019)2 3} dlo]E el H] =] =38}58 4831
SAfrEew Lyststdt [16].
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2.3.3 Aspelgol?

Faleks & )1E A ollo]dE (Agent)7} F1%1
7 (Environment)ol| 4] A9l el (State)E A2 514
71t B (Reward)& Hulslsh= 24 4] 5
AR5 T3l ShFete darg|Folth

HEAQ Aslely daeles 72 "rkl=e] 4ot
AL Fol vk 3 HEw 5 AETAAES] div]s
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Fajo] QA Wl B HGEE 70w H4 o)

gk 7|9 QJAFA GOl ATk ol o] ET} ul53t 94l 9]
AE 71 (State Space)& THAFH] $18ke] HEd®
ARSE AT whebA] ol Al whet shute] Qe A E
arE|ENE ARG E = Al ofet BelA o w thekel <1
As darglgol FFA R AREE 5 Utk

o}z Q13 A 5ol At A o] 7199 Ak o
F Sistel mlA= Gkl gk A= P53 A
golrk, whebA] el A= 7o) el et 2+
4Q%7 HellAe] vldlelye] 545 el <
o] QS 7Nk R QIEAs dugEs (1)

=

UM 37 TR Al datelEEe] 71l of
g gg¥=rkel ddd A=t sS Atk

241 274 BARE Y LS

Hjejolele] gl whet wlel the 4, v
olElEo] FAS F7hska ek, Hl wAu we v
Helels F4% %4 F7h el wlolele] rhepyol
= Skt glon] dlofEle] Skt Wakk &
& P53 g,

webr] 32 % vlolE gsle] AFl v 17
o] Wwe} Q14 A7) SAste] |l

=
AR 7IAF B, AAVES A 2, AL
A, 594 o8&, Al o|n]A]|, a9 &3 AH 5
Ay dlolg oA ulAH ol 83t AHE =FsAY
Al &8 € 4= 2t} Urban et al. (2020) & Y&
Jol 21421 viAY A4S $1e 783 Wdolgtar

1.
274 2gsk 28 AlFE S REAE AF
g2} AA -8l = (User—Generated Content; UGC)
52 Y Y=g AHA 0 R wkgskal glo] A=y
vAE A gPde R S5k ik o2 gk UGC dlo]
HEL H2ER 7 283 AlF 2H dloley 7o)
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Waldfogel (2020)2 178

&

FAo] SXIE A= A ok Al 2 HlolH &
= &8ote] AT 18] Liu, Lee, and
Srinivasan (2012) H&d-S &84 7o) 2k
22l AlE 2 vlolElellA S AlE5Adel et
AT EE EF3F9 Y [19]. Timoshenko and Hauser
Ho] 2dgt 22l A% 2l dHolHE |
ato] iAol Y=E glotsqitt [20].
Bobs Ao A &a7|E T 0]
igital Footprint&% 174 ¢] AJ3S shetstr
ol gk RS E AlLLE 9t &8 4tk
AT o] s EY s Y JEE &8
thd a4 o] A} AEE sl e sk
A" def sl &-&o] 7hssitt

Wan et al. (2017)-2 FZA| 28] wile]d 7]
ajd i8] (Matrix Factorization) S %83}
23 Hlo|EollA o] Moot 7HA it E
Atk [21]. Athey et al. (2018)2 ™2l2d 71
ato] BldolE WellA a17e] s ree] o] d gt =
o] EAS utotgit) [22]. Ruiz, Athey, and Blei
(2017)2 a4 e] ol g3} AlE ko] e dAE B
A7) Qe GEA wAlEY 7S ARSI [23].
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Aok Hlgol e 71glo] f ¥ ol AL 4
olc}. 7191e] W g Ak L Alglel wel chA,
AT RS Fotel A §S A7 5 v
7191e] Zroladat Aol A Aok, £ =Fel A
w0 TASE gIate] H1§ A AT AFAS &
D2ES A fTo et TGP TR

WA AEsE nesh ek v g Ay dnelsel o

shel waoiv.

It} Loyer et al. (2016)% =)

Bote] AENX A= A Hk‘lﬁ Oﬂ;s}‘}it‘r
Axp= 2F3)ALel AHAISDSE] 9145 ‘Helo]
o] &3l ZAHRIS 7H7I7] =8 o5 B
sto] 7Hd 7} 200% o) Z7 kAl AL A
& AN dzreiitt [25]. 251 CCTV
Ashs AIE &8t 1= e 4
g Fof QI%F 60007 k0] W8-S Azks)
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A QI sk ol 7|9 ul-g WS Fate] 7]
Q9] ol $-% Hejskd F2lo] qlek. 719 AFASL
F43 AERE Fotol v G2 A7 F 5 Aok

P ABASS B 0 A BADFE B
52 AHel] A% Poeirol Ak Askelre 719
o Mg ALSE A A 4L wol} A
§lo] Fo121 FHEOIE] ol A ool HES 222 B
st 2% & Atk

3 ekl QaelFol HgH A5 ZRES
$3tol A TS AE & 5 Yok FHEE] )
M]3 1A} A7k & QoA 71999 olgel Z7h
sk

Acemoglu & Restrepo (2018)% A9} AHE31E &

A 71 ] A 8-S ditsta S A E 5
Atk FFsAT} [26]. Amazon (2017)2 =58
&sto] Aoy Al =7 olss 913 HA FEE o&
sto] Ao 84S /i W8S datekar vk
[27]. =9 ‘au}olt (2016)= HAlH3S #-8sto]
olg] Mg W AHAMEFS 40%71F Asieict [28].
LGAAE =]e] FeEAFES] AL gt ~nfEdE
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Table 1. Summary of Main Results

Results Equations Label”
1—dyg — C°
Entry firm's Best Respose Function (BRF) ¢ (q ): L (5)
2\ 2b
. 2b—d, +d C*—2bC"
Incumbent firm's optimal quantity q = 3 (10)
4b" — 2d1d2
. . . 1_ 02 d2 *
Entry firm's optimal quantity L= ——q >0 (13)
LTyt
. * 2
L . . 2—d, +d,C*—2bC" 1= dygy, — C
Subgame Nash Perfect Equilibrium (SPNE) (q17 %(%))Z . (15)
—2d,d, 2b
C> C' > C where
16
— 2btd(c2-1) 1o
The condition of both firms produces a = — 12)
positive amount of output ) ol o
o 2 +dydy + C}(41 — d,d,) (1)
- 2bd,
Sharing external data doesn’t affect the optimal quantity sold 3q* 9A!
by the incumbent firm and the incumbent firm’s algorithm == L 0 (18)
performance for consumer marketing. BBS aBS
The sharing of the incumbent firm's external data with the 5(];
entry firm will increase the optimal quantity sold by the entry — >0 (19)
firm 0B,
. S
P
If the amount of shareable data from the incumbent firm om,
. . . . o —= >0 (21
increase, the optimal profit of the entry firm will increase. oB
S
If the optimal quantity sold by the incumbent firm increases, [«)77;
the optimal profit of the entry firm will decline due to the first —<0 (22)
mover advantage of the incumbent firm. oq,
* * *
0q o, o,
Increasing the incumbent firm's algorithm performance for Case 1! if 1 > 0, then 1 : . <0
consumer marketing and the amount of external data can 1 8’41 BBI
¢ ° ¢ ;] b ! (23)
increase or decrease the optimal quantity sold by the entry 0 or o
firm and the optimal profit of the entry firm. Case 2: if 1 < 0, then 2 > ;72 >0
Al oA} oB!
Increasing (1) the incumbent firm's algorithms for the cost P X
reduction of the internal business process with and without 4 i 9q, . %
. . A . 0; > 0; >0 (24)
automation and (2) the incumbent firm’s internal data will 9 AL 9Al B!
increase the optimal quantity sold by the incumbent firm. 2 3 2
Increasing (1) the incumbent firm’s algorithms for the cost o * *
reduction of the internal business process with and without Ty . omy i -
. ) . ; 0; <0 (25)
automation and (2) the incumbent firm's internal data oAl AL 1
unconditionally decease the optimal of the entry firm. 2 3 2
* Notes: labels denote equations in chapter 4.
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