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Milgrom & Steven Tadelis, “How Artificial Intelligence and Machine Learning Can Impact Market
Design,” in: Ajay Agrawal, Joshua Gans & Avi Goldfarb (eds.), The Economics of Artificial Intelligence:

An Agenda, 1st ed., University of Chicago Press, 567-585 (2019); Ariel Ezrachi & Maurice E. Stucke,
“How Pricing Bots Could Form Cartels and Make Things More Expensive,” Harvard Business Review
(2016/10/27), https://hbr.org/2016/10/how-pricin
expensive, last visited on date: 2024/9/4.
4 See Ajay Agrawal, Joshua Gans & Avi Goldfarb, “Economic Policy for Artificial Intelligence,” 19(1)
Innovation Policy and the Economy, 139-159 (2019).
See, e.g., Laura Abrardi, Carlo Cambini & Laura Rondi, “Artificial Intelligence, Firms and Consumer
Behavior: A Survey,” 36(4) Journal of Economic Surveys, 969-991 (2022); Hal Varian, “Artificial

Intelligence, Economics, and Industrial Organization,” in: Ajay Agrawal, Joshua Gans & Avi Goldfarb

-bots-could-form-cartels-and-make-things-more-

(eds.), The Economics of Artificial Intelligence: An Agenda, 1st ed., University of Chicago Press,
399-422 (2019).

See Marcel Wieting & Geza Sapi, “Algorithms in the Marketplace: An Empirical Analysis of
Automated Pricing in E-Commerce,” 21-06 NET Institute Working Paper (2022).

See, e.g., Jacques Crémer, Yves-Alexandre de Montjoye & Heike Schweitzer, Competition Policy for
the Digital Era: Final Report, Publications Office of the European Union (2019).
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Daniel Ershov & Lei Xu, “Algorithmic Pricing and Competition: Empirical Evidence from the German
Retail Gasoline Market,” 8521 CESifo Working Paper (2020); Leon Musolff, “Algorithmic Pricing
Facilitates Tacit Collusion: Evidence from E-commerce,” in: Association for Computing Machinery,
EC ’22: Proceedings of the 23rd ACM Conference on Economics and Computation, 1st ed.,
Association for Computing Machinery, 32-33 (2022); Wieting & Sapi, supra note 6.
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10" See Luke Garrod & Matthew Olczak, “Explicit vs Tacit Collusion: The Effects of Firm Numbers and
Asymmetries,” 56 International Journal of Industrial Organization, 1-25 (2018).

""" See Joseph E. Harrington Jr., “A Theory of Tacit Collusion,” 588 The Johns Hopkins University.
Department of Economics Working Paper (2012).
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See Edward J. Green, Robert C. Marshall & Leslie M. Marx, “Tacit Collusion in Oligopoly,” in: Roger
D. Blair & D. Daniel Sokol (eds.), 2 The Oxford Handbook of International Antitrust Economics, 1st
ed., Oxford University Press, 464-497 (2014).
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See Green et al., supra note 14.

'7" See Joe S. Bain, Industrial Organization, 2nd ed., John Wiley & Sons, 132 (1968).
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See Thomas C. Schelling, The Strategy of Conflict, 1st ed., Harvard University Press (1960).

See Frederic M. Scherer, Industrial Market Structure and Economic Performance, 1st ed., Houghton
Mifflin Company (1970).

See Milton Friedman, “Nobel Lecture: Inflation and Unemployment,” 85(3) Journal of Political
Economy, 451-472 (1977).

See Drew Fudenberg & Eric Maskin, “The Folk Theorem in Repeated Games with Discounting or
with Incomplete Information,” 54(3) Econometrica, 533-554 (1986).

See Roy Radner, “Repeated Partnership Games with Imperfect Monitoring and No Discounting,”
33(1) The Review of Economic Studies, 43-57 (1986).

See George J. Mailath & Larry Samuelson, Repeated Games and Reputations: Long-run

20

21

22

23

Relationships, 1st ed., Oxford University Press (2006).
2 See George J. Stigler, “A Theory of Oligopoly,” 72(1) Journal of Political Economy, 44-61 (1964).
3 See Kyle Bagwell & Robert W. Staiger, “Collusion over the Business Cycle,” 28(1) RAND Journal of
Economics, 82-106 (1997).
% See Takuo Sugaya, “Folk Theorem in Repeated Games with Private Monitoring,” 89(4) Review of
Economic Studies, 2201-2256 (2022).
See Stigler, supra note 24.

27

% See Friedman, supra note 20.
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2 See Marc Ivaldi, Bruno Jullien, Patrick Rey, Paul Seabright & Jean Tirole, “The Economics of Tacit

Collusion,” 186 IDEI Working Paper (2003).

See Fudenberg & Maskin, supra note 21.

See Drew Fudenberg, David Levine & Eric Maskin, “The Folk Theorem with Imperfect Public
Information,” 62(5) Econometrica, 997-1039 (1994).

See Mailath & Samuelson, supra note 23.

30

31

32

3 See Sugaya, supra note 26.

3* See Michele Piccione, “The Repeated Prisoner’s Dilemma with Imperfect Private Monitoring,” 102(1

Journal of Economic Theory, 70-83 (2002).

3 See Jeftrey C. Ely & Juuso Véliméki, “A Robust Folk Theorem for the Prisoner’s Dilemma,” 102(1)
Journal of Economic Theory, 84-105 (2002).

% See Hitoshi Matsushima, “Repeated Games with Private Monitoring: Two Players,” 72(3)

Econometrica, 823-852 (2004).

See Michihiro Kandori, “Weakly Belief-Free Equilibria in Repeated Games with Private Monitoring,”

79(3) Econometrica, 877-892 (2011).

See Yuichi Yamamoto, “Characterizing Belief-Free Review-Strategy Equilibrium Payoffs under

Conditional Independence,” 147(5) Journal of Economic Theory, 1998-2027 (2012).

See Sugaya, supra note 26.
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40 See Edward J. Green & Robert H. Porter, “Noncooperative Collusion under Imperfect Price

Information,” 52(1) Econometrica, 87-100 (1984).
41 See Robert C. Marshall & Leslic M. Marx, The Economics of Collusion: Cartels and Bidding Rings,
Ist ed., MIT Press, Chapter 1.4, 9-17 (2012).
See Dilip Abreu, “Extremal Equilibria of Oligopolistic Supergames,” 39(1) Journal of Economic
Theory, 191-225 (1986).
See Dilip Abreu, David Pearce & Ennio Stacchetti, “Optimal Cartel Equilibria with Imperfect
Monitoring,” 39(1) Journal of Economic Theory, 251-269 (1986).
See William A. Brock & José A. Scheinkman, “Price Setting Supergames with Capacity Constraints,”
32(3) Review of Economic Studies, 371-382 (1985).
See Val E. Lambson, “Some Results on Optimal Penal Codes in Asymmetric Bertrand Supergames,”
62(2) Journal of Economic Theory, 444-468 (1994).
4 See Federico Ciliberto & Jonathan W. Williams, “Does Multimarket Contact Facilitate Tacit

42

43

44

45

Collusion? Inference on Conduct Parameters in the Airline Industry,” 45(4) RAND Journal of
Economics, 764-791 (2014); Federico Ciliberto, Eddie Watkins & Jonathan W. Williams, “Collusive
Pricing Patterns in the US Airline Industry,” 62 International Journal of Industrial Organization,
136-157 (2019).
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47 See Jorge A. Chilet, “Gradually Rebuilding a Relationship: The Emergence of Collusion in Retail

Pharmacies in Chile,” Working Paper (2017).
8 See Haizhen Lin & Ian M. McCarthy, “Multimarket Contact in Health Insurance: Evidence from
Medicare Advantage,” 24486 NBER Working Paper (2018).
See Thomas Bourveau, Guoman She & Alminas Zaldokas, “Corporate Disclosure as a Tacit
Coordination Mechanism: Evidence from Cartel Enforcement Regulations,” 358(2) Journal of
Accounting Research, 295-332 (2020).
See Gaurab Aryal, Federico Ciliberto & Benjamin T. Leyden, “Coordinated Capacity Reductions and
Public Communication in the Airline Industry,” 89(6) Review of Economic Studies, 3055-3084 (2022).

See Jeremy Bertomeu, John H. Evans III, Mei Feng & Ayung Tseng, “Tacit Collusion and Voluntary

49

50

51

Disclosure: Theory and Evidence from the U.S. Automotive Industry,” 67(3) Management Science,
1851-1875 (2021).

See Mitsuru Igami & Takuo Sugaya, “Measuring the Incentive to Collude: The Vitamin Cartels,
1990-99,” 89(3) Review of Economic Studies, 1460-1494 (2022).

See Robert H. Porter, “Mergers and Coordinated Effects,” 73 International Journal of Industrial

52

53

Organization, Article 102583 (2020).
54

See Matt Schmitt, “Multimarket Contact in the Hospital Industry,” 10(3) American Economic Journal:
Economic Policy, 361-387 (2018).

55 See David P. Byme & Nicolas de Roos, “Learning to Coordinate: A Study in Retail Gasoline,” 109(2)
American Economic Review, 591-619 (2019).

See Paula Cruz-Garcia, Juan F. de Guevara & Joaquin Maudos, “Bank Competition and Multimarket
Contact Intensity,” 113 Journal of International Money and Finance, Article 102338 (2021).

57 See Nathan H. Miller, Gloria Sheu & Matthew C. Weinberg, “Oligopolistic Price Leadership and
Mergers: The United States Beer Industry,” 111(10) American Economic Review, 3123-3159 (2021).
See Andrea Pawliczek, A. Nicole Skinner & Sarah L. C. Zechman, “Facilitating Tacit Collusion

56

58
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Research, 1651-1693 (2022).

See Jorge Alé-Chilet & Juan P. Atal, “Trade Associations and Collusion among Many Agents:
Evidence from Physicians,” 51(4) RAND Journal of Economics, 1197-1221 (2020).

See Thomas Eisfeld, “Unite and Conquer: Seller Collusion in Multi-Sided Markets,” Working Paper
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F—(HZE I US. v. Airline Tariff Publishing Company, et al.®* o 3% &85 44
1992 £ » EFH RIS AP ERIEEE © /R EHEETZE A A2 E E AR
2\H| (Airline Tariff Publishing Company > 1% ATP ) ##2# S AKEESE 1 FE - B
RREER] ATP BYSHE ERIR B 1 R (E ) - BEOHEE I e ERE - 24
M > FEBEACETZE A EIE A ATP St e S AR & 2 i s (U 1T (S
BE I EMTiEE Bde s S EE R % -

55— (HZE R American Tobacco Co. v. United States, 328 U.S. 781 (1946)" » %2
PR R R Ry R B R - 32 R RN Ry E I RPN =] LUK Liggett and
Myers 1 R.J. Reynolds A5/4E] - HEHFEEZED 68% HYRFATIGIIEH - HAHEE
£ 1931 4 » & R.J. Reynolds ZEZAE m B MBI & - HoAth A SRR IR & 1T 5 -
EBEHIE iE L 5 A RN ] S S AR - B SREIEE 2 M -

55 = E 2255 Brooke Group Ltd. v. Brown and Williamson Tobacco Corp., 509
U.S. 209 (1993) » 5 Je At s 2 85 1A T1T R © Liggett #2475 Brown and Williamson
(RN FI BEBEE A TSN EEAE]) DR AT B E M - J0E Liggett

81 See Pravesh Koirala & Forrest Laine, “Algorithmic Collusion in a Two-sided Market: A Rideshare

Example,” arXiv:2405.02835 (2024).
U.S. Department of Justice, “Final Judgment: U.S. V. Airline Tariff Publishing Company, Et Al,”

https://www.justice.gov/atr/final-judgment-us-v-airline-tariff-publishing-company-et-al, last visited on

62

date: 2024/9/4.

8 Sean Carroll, “American Tobacco Co. v. United States,” Quimbee, https://www.quimbee.com/cases/

american-tobacco-co-v-united-states, last visited on date: 2024/9/4; FindLaw, “American Tobacco Co.
v. United States, 328 U.S. 781 (1946),” https://caselaw.findlaw.com/court/us-supreme-court/328/
781.html, last visited on date: 2024/9/4.
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6% See Assad et al., supra note 8.

See Musolff, supra note 8.
8 See Sophie Calder-Wang & Gi Heung Kim, “Algorithmic Pricing in Multifamily Rentals: Efficiency
Gains or Price Coordination?,” SSRN Paper (2024), https://ssrn.com/abstract=4403058, last visited on
date: 2024/9/4.

See Wieting & Sapi, supra note 6.
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8 See Emilio Calvano, Giacomo Calzolari, Vincenzo Denicold & Sergio Pastorello, “Artificial Intelligence,
Algorithmic Pricing, and Collusion,” 110(10) American Economic Review, 3267-3297 (2020).

% See Juan M. Sanchez-Cartas & Evangelos Katsamakas, “Artificial Intelligence, Algorithmic
Competition and Market Structures,” 10 IEEE Access, 10575-10584 (2022).

" See Matthias Hettich, “Algorithmic Collusion: Insights from Deep Learning,” SSRN Paper (2021),
https://ssrn.com/abstract=3785966, last visited on date: 2024/9/4.
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2 See Zach Y. Brown & Alexander MacKay, “Competition in Pricing Algorithms,” 15(2) American
Economic Journal: Microeconomics, 109-156 (2023).

See Emilio Calvano, Giacomo Calzolari, Vincenzo Denicold & Sergio Pastorello, “Algorithmic

73

Collusion with Imperfect Monitoring,” 79 International Journal of Industrial Organization, Article
102712 (2021).

See Tobias Werner, “Algorithmic and Human Collusion,” SSRN Paper (2023), https://ssrn.com/
abstract=3960738, last visited on date: 2024/9/4.

See Ibrahim Abada & Xavier Lambin, “Artificial Intelligence: Can Seemingly Collusive Outcomes Be
Avoided?,” 69(9) Management Science (2023).

See Xingchen (Cedric) Xu, Stephanie Lee & Yong Tan, “Algorithmic Collusion or Competition: The
Role of Platforms’ Recommender Systems,” arXiv:2309.14548 (2023).

See Timo Klein, “Autonomous Algorithmic Collusion: Q-Learning under Sequential Pricing,” 52(3)
RAND Journal of Economics, 538-558 (2021).
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" See John Asker, Chaim Fershtman & Ariel Pakes, “Artificial Intelligence, Algorithm Design, and
Pricing,” 112 AEA Papers and Proceedings, 452-456 (2022).

See Juan M. Sanchez-Cartas & Evangelos Katsamakas, “Al Pricing Algorithms Under Platform
Competition,” SSRN Paper (2024), https://ssrn.com/abstract=4027365, last visited on date: 2024/9/4.
See Hans-Theo Normann & Martin Sternberg, “Human-Algorithm Interaction: Algorithmic Pricing in
Hybrid Laboratory Markets,” 152 European Economic Review, Article 104347 (2023).

See Winston W. Dou, Itay Goldstein & Yan Ji, “Al-Powered Trading, Algorithmic Collusion, and
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» PREBLSRR I BLALE(E By 63.46 7T ~ PR T RGP BALEE B 124.77
T RERRECTII B ALEE R 6745 7T~ FRE:= T BRE LRI B ALEE A 139.01
T PRELRECTBAEE R 7348 9T -

FEETRE GURGR E1R - BRRRROET TR YR E Ry 108 2K - H o R ELGRRIAE 0.24
RILZERBER EHIRER 38 K (5 2 EREREE Y 35.19% ) & BABLAREL(E 0.24~1.2
RATLZIERFE TR BRI E Ry 6 X (5.56%) 5 BB 1.2~2.4 RNTLZIERFEFE
FYZRELRy 5 R (4.6% ) BUEEERIBAE 2.4~3 RILZIERBE R AV ERy 2 K (1.85%) -
T B RG SRR A R AR (R 8 3 RASRE Ry 58 X - (G ElERIE Y 53.7% -
AL > FRATRIEE oo P BR A TH (B Y mT AR MR -

HA - R E AR L SRR S R A (AR - RIS S 2 DA
BRI REZ M A TR T o (1 MR pial B B S i LSRRG S R (B 5 FRIRr B iy
PR RS S oy B =(EPE B > 73 Bl R PEE:— T BB SR P B E E Fy 120.35
T BRI RACEE R 65.58 7T~ PR T BEGRECTHIRACEE R 126.37
7T BEARRCPYBRALEE R 69.24 7T, FEEL = T BRERRCFBEACEE K 139.82
T BESRRCPIBRALEE R 7441 TT ) - GEETREGREEER - RERBUETHEE
OB R 142 X > Hoh BER AR 0.24 RILZIFREER ERIREUR 28 R > 2Rk
ELHT 19.71% © BEELRRRAE 0.24~1.2 R ZIERPEFERYES 6 X (423%)
PRREARIAE 1.2~2.4 RATTZERIESRERRER 8 K (5.63%) © BELMAE 2.4~3
RWILZIFRBESR BRI IS 1 R (0.7%) - Wi RRER RO R TR R E B 3 X
&RFIE Ry 99 > 5 2= ERERFE Y 69.71%  TefMIRIEE Ko U BRI T (ERY AT AE
PEEE -

TP 22 2 SRR G R S R AR 2 R AR (R TR E - [EESRET AR
FISHEBIE R RS AR - H SRR SR R LR B SR 72 (B DA S A B B I

Sl
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et E - i ERESRRCE S R R R E R 2 X (APA—X
BAETFRIR) © Wit ZEGSERECEEXAFEEEYATHERE > S
EEDE L AT T -

f4% Assad et al.“FPTE% 5 EEAKHHIBA < ERE P AT AR (T By A (AR BR BB IR 2 >
FUEMRREAS S AR DGR R - IRME RS G LRI A — [FERETE RS AYEREE - HaH%Eny
HEARDR - (HEA R ER A R R AT - EEEAE
BECaEE - —fRIME - MesHYE EEVE R —EEANETES - EREEEgH T
EaFEIPkEY o &7 LATHC - B(PTR R BR A R P il 2 75 (50 PR BRI (B Y AT BE - (HIC
ZAERA R L o ERESIER AR ERAE 2-3 X1 BHCUR E ERARE
eV E A E A E RAVESR - SAIREH ATHIE - SR — RAER (R

Bk

Bz > BaT AT DR B R R B A E M HIHEN] - EAh > R AR e R HI (E
BRI ERE | £ WA R Sy E E R FRH T R TR
AYERG - T ATREER AR AL ~ FHBEVENVEREE 7= -

0~ H A EEAS ST S EE

Al — 8 M EAE SR B T = LR E E R A EEDAA A REE - FEAE S
BAPTRE (5 I PRI B P - S R e P BB EE e B R A R e Y B PR ) - — DRI
RESESRAVIEE Q BT EE - SRR S AR G1T RHYARE - IELRCEIE
TEMEHGIRGL o FHYIE SRR Ea AR TS A M B A > HAFIRVEOE th T RE
ARG R > DU BTG A AR ZE AR AR BRI E - AR I AH R R AR, -

(—) WS T i 4EtH Rl EOE

Fo K& BRI K T FIR R @ISR T - IR IS B F B S 5
LR RAAL - TS LA MR R > Y =1, ., T TP a1

S B B O S ERR AAE R (A BB 0.722 0 SR EF 4 Bl B R AR (ERR A BRI (A By 0.5846 » BLEF4REA
SRR ERS I AERR 5B UE 0.5144 -
85 See Assad et al., supra note 8.

8 See, e.g., id.; Wieting & Sapi, supra note 6.
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D%

B HFERREs R En T
Qit = @y — bpye + ¥D2: + €11 €Y
Qz¢ = ay — bpye + YD1t + €2t (2)
HP28 (ay,a,, b, v) BIEHEETE K2 AEEET) (e1y, &) LB (aq, ay)
Ry B s KGR EETH » b By B ERE ) — BT KR - y HEiFRS
nn{E A% S E— B AL TR KAV > 1EIE » BBk b B y B Wi ps EEEE R - 12
SETESLERA o BIEAETS AR OETRE ST BAVIIHTE (Bertrand Nash) 41
T
pi: = [(4b? —y»)]'[2bay + azy + b(2b + ), + 2bey +yey],  (3)
pe = [(4b% —y®)] 7' [2ba, + ary + b(2b +y)c, + 2beye +ver ] (4)
M AR AT ST & (Monopoly ) HIRREI#EARAIT -
pit = [2(b% —y»)]  bay + ayy + (b* =y e, + bey + vez], (5)

poe = [2(b2 —yD] tba, + a3y + (b® —y?)ce + beye + vey]. (6)

VOEEEENR  QURRREER TR ENREIr 0 Q BEBEA G 2R L
Bp = IRATER A RIS (exponential ) RISCHA K EIP A - AWIFER ISR IR Rk - £
TR R T Bt E RN EICE AT iREE - SRR AR R A IR IR K
BB (AN EEEEEIP L) AR B AR - (At TR ERATIRE 45 - A At
RO — P R ER BRI A - (EE BN T A AR B R R TR AT B A P iRk - It
Hh > WRABFEN AT RAVENREELAIFEIENRAVE & - Al Re (A B AR S T 505 8
TR LR T e TSR - (B KRR S I M ARt BRI A A - (et 2 T
BMTERR R TR R BB - DAHECRE I AR EMERIGE IR A AT R - (EEIR T s ]
REPRT T S AR T S BN AR TR TE -

* TERABRIN RS b - RS TSR RO ZOR - BRI TEHI TAE 5 R R - (H E AT AT E
PRI RS AT HIBRA RS ©

¥ IEB R R L AR B EAE P (41 Bertrand-Nash 5 F—/NEfi P Y485
EAPRIEES) o ORI BGR - A A E 2 (40 Cournot i+ ) WIREEEZEE S ER(LAYIY
MG - WBREMRERERFATHEIE - 280 - S EEHR AR FREE IR
FREEAET R AIE - [tk > FESFIRERIEIRRE I TS A GBI v] AE SR R L B IR 15
RG> B G RIEES BRI DRI K - MRS ENRR - RIMTERIRFE AT
bR - DR R o] R ER A 53R Bk 2 PRI UG-ty - Rl R0 P REPR A T L5
(LAY -
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Bft t=1,..,5 <T BEARKABETTREVEF > L€ t=1,..,5 WEEER
(D1 D2 o) WEAIFFRGMER /NPT AR AT — 4 55T 28 (a1, 2, b, 7) FBEEA
YT e -

MSE = Z e? + Z e, (7)

H ey, = [(4b% — YOI [2bey, + yen] H ey = [(4b2 — yB] [2bey + yer].
—EfSH (@, 8, b, 7) SEEEHE - BT A B AT B RS o AR S
?ﬂ%%%*goﬁm%xE’ﬁﬁmﬂﬁ%nﬁ=@&%—qxi12 EEEE
(IR > ZERURISEE R ERIER BTN AL - S5 R o B #5 AR ER
RS B RE AR R R (YRS R - 55
B TR PR Rt

t t
rp =T Ellﬁ-—] )

oo gy, ~ il By Sy IR - 245 (Monopoly ) 815 (Nash) TEgrg j 74
TG ¢ TAGRER o FEBPIREE S o rr B R O B 1 A9BIE - T SRR
455 » F1 Monopoly #i—H » HIZEEGIEy 1 - EBABHIERS 45 5 Nash #—#E -
B2 EL B O -

LR (e VB R AR B Al T

AU FEETEEHS AT ERER B P2 EIREAVEES—  HECE AR
— 5k 2 BIRCHT ZAUSRA o BRI A 2022/01/01~2023/06/01 - 352 LAWY {[E[HRF el
R A P E AL BRI T SRRV © FAFIHF 2023 FATHHF1& 1F R ImUR -
W Rk BRI (BB AEE T iRME ~ B > F P TR E0ERE - AR A8 T
R E BN S IEEAVEIR © AN - AT 2023 SRR Risi 7] - NS
FIHER R — RIS - 1% P ERE -i3 E f 2 MR R AR [EE BN
YRS ERES -

* See Calvano et al., supra note 68 15 E{BIAIHT & - PRBISEOR RG2S, - S 2RI g
ERHTERE - SUEAEE NSRS PR © SOt RS E - BV -
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it i Bl 1T RoHO(E RS IR TR BT A R o H RIS 72 2 B PR FH A (R
FEERAE + R R TG TP AR MO - SO R e S B (R A A Bt

AR EB N B TISE RS EE KB VIR EE - MRS E T SE
FEAGET R AR EARA -
2.8TT77K

P LA AR By BB > BERUN 23 e RS » 1A — ARV ERS Roli AGIRRE - ATER
HUAYERS B ST R B R T R EA% 5 Fy m = 5 4R MEFTIELEEE  WWE N E AR
WBATEETR o A Calvano et al *[HEBIEHA BEE - FEEFERE -
IR AR P E RS S R A - RIBL ARG s HE G BEE R IR B - LUSHE R
SR T BB R A AR ST Ry RS S B R pl A — B8 E) © (HARE Q 23k
fEE Q AERHMERY ERIVRIRERS - BMIRGREEEREE BN EE BRI - 1T RsER]
B Q BB AHE] » Ry EUsi B8 - BN m = 5 Ry TERHUTENEE - 12
EIEERARERIZRBEAEREMNEESERUEHEFNAEEERK - Wit
st = (af, p™h) BLESE 100 {EHHRE (epochs) FIISR5EFE(E4E4% (evaluation network )
1% > DUSPh4E4% 5 50T H ISAE4E (target network ) o

TENGRE R T - FRAFTEEHE] 2022/12/31 LAFTHYERME Rl gi &k » 4 522 2 »
Ml DARHARAASE » F Nash SEAUES W R M Tk 28

b =1.237, ¥ =0.864, a; =17641.805, a, =17692.990.

FESE—REBRE T TR0 5% i 5 i e 1 25 (52 FH — (e AR R RO T Q
ERER R > AL B 52 A E (B TR 25 | Rt it i (e AU AE 5| SR ] LA 04
S SRERNEA B S R T R A E (HRVAEIR - R BV ERR R RIEE - 15
FILFNGR - £ 2023/01/01 &R EAEER - & E RAVER BIGIREE - REFE IR
(BRI E EEER - AEEAEEER > BN EET 2 A E E R -

O Ak Q EREERYELMEE B ¢ episode = 500, epoch = 100, & = 0.8, e-greedy = 0.2 = § 4§
TEOHI A Eh AL 5 IR 72 22 - 1 SRS SRR IS ey 5 L AR AR B L A AR B > (LAY R 28
e-greedy BAE Q BEVASOFE Q BE A > BIRUEEEE —(EEERE (A SCRMEEFIE) -
DATEIEAR [EARRE U TR EIENEIVEME - ST e-greedy &I THEEIZERIHGETE
Fyi s EEENE -

92 See Calvano et al., supra note 68.
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3BBHER

DB — 5L 25 [ R )l 400 9 2 W s ) G (R BR: » (EJIISRPR B IREEE I E &Y
TE RoiRREH A > (ERE T P BOIR RRAY T 22 550UR W R i e B (B S B AR B R - B
Ser1 = (o, of) » FEIIGE R EFEE T EAUEENGER - G T — AR g A
W EHYFIERERE - FISRERE R 2022/12/31 DIFTHVERE » A 2023/01/01 HYEHE
EREEER » ZRAGIRAR S R AEERTAE © QAT LLEEIR - MR —BHAa e s
FIHER LS - MREPHEE - BRSNS RHER > SRS RIESL
BR AR EE— 2 AN > 40 4 B - BRI ITR - s — AR B ERS Predict] (R
TER) B AR EAE Predict2 (RIRESR) EHE - RrAlBR-FH] - MM pHIE
BHEMSE G Monopoly (FARE&R) HIEME I - BRGNS  Mard —EBLRER — Z AR
1A By 0.2901 i 0.2916 -

2022-12-31~2023-02-01 2023-02-01~2023-03-06
9000 { =TT ekt DL L L L L L Ll == NASH..~" - TN
39000
380001 __. NASH === Monopoly
Monopcly 38000 { — predictl
370001 =="
— predictl 37000 predict2 [~
3000 . F‘Cd‘ﬂ? T »000{ —
35000 f‘w,-’-‘*-'-- ,,,,,,,,,,,,, [ P 35000 77_‘__,_’1 -
0 0 P »o4a 5 & 0 0 Py @ % &
2023-03-06~2023-04-07 2023-04-07~2023-05-10
o - T _~
IW 8000
3000 r’f == NASH —rrT
—t === Monopoly === Monopoly
— predictl 36000 — predictl
%000 . pedic? | | predict2
S B \ w00 TS Sy I
#0004, . . , p— r , . . . ; —
0 10 20 0 40 50 B0 0 10 0 0 40 50 60
2023-05-10~2023-06-01
38000
=== NASH
=== Monopoly
3000 — predictl
predict2
0004 TN PET I bl P
0 10 n 1 4

4 BRI R RS R
EORACIR © ABISE A THER

% Predictl (JREF4) Bl Predict2 GERENSR) B Monopoly (BEL) SEHES
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(=) =X Rrtiges R ([FEERERE)

HR BffE— B HER— RAEM LIV 2 L BB SRR
TS EA— AR o BT ERERHIREIR > PP EE A E SRR = 5 -
FORHTATEESE 2021/08/13~2023/08/12 HY(ERSEHR} - ¥ ERITHRE YT =S5l N
AEBRANEME - BRI — RER (12 /NRF) - A 1,460 FEH} ¢ FERA
77 e S 6 P R PR AR AR (B AR Y F S (BB R By A/ NET R AN (E A - T LLP 2 R
AIERSTE B ZRE -

LARRIEE

HIAA =R - AR S R H R SR e B T

—a-bp+yQ et e Lj=123 )

J#i

Hihay, ay, a3 ERAEESEEAREY: » b ForRE BEREFERNEE  y £
RS ERE TR E > ¢ BT REE - RBAIMTE K0S o IHEEH DL
Bertrand £y F Y Nash S8 {EAZA0T -

pY = m [((2b —1)a; + (ap + az)r + b(2b +1)ce + (2b —1r)ey + 1(eze + €30)],  (10)

pd, = 2(2T [(2b—=71)a, + (ay +az)r + b2b + 1r)c, + (2b — )&y + (e + €30)],  (11)

pd = 2(2T [(2b—71)az + (ay + a)r + b2b + 1)c, + (2b — )&z + (e + €20)]. (12)

53 H =R T R4S > AIBERF Monopoly HYSS#AIT -

pM = m [(b—71)a, + (ay + az3)r + (b(b —1) — 2r%)c, + (b — 1)y + (&5 + £31)], (13)

Py = Z(bz— [((b—1)ay + (a; + az)r + (b(b —1) — 2r¥)c, + (b — )&y + 1(eqr + £30)], (14)
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PM = m [(b—1)az + (a; + ax)r + (b(b —71) — 2r%)c, + (b — )&z + 1(g1; + &20)]. (15)
1% 4 S e R H SRR S50 (Stackelberg 58 ) - R EHFEHE
s (FEFRMIAIEE N =2 s ) HEE Fs ¢
L _ 2b—1)(—&3 + ¢, —a3)
Pt 2r + 2r2 — 4b2 + 2br

4bc,r — 2b(ay + &30)1 + 2¢,r% — (g5 + a)r? — ay(r + 2b)r — (2b + 1)eq,

(2b + r)(2r + 2r?2 — 4b% + 2br) ’ (16)
11 Y R T s Y (A Ry
—2bc, + 2bay — ¢;r + 57 + 1ay + 2bey,  v% + 2br
plf = o te P a7
—2bc, + 2ba, — ;v + £,7 + agr + 2bey, 1%+ 2br
bl = o te I e, (18)

BRI SEEE Bk - (SETHHR 280 ALK E%E & 0 {55 Monopoly » Nash
DU R S R e S U T AT FEAY SRR (S ~ BIERYER SR BRI -

2AEEHEER

HIEE T RO =S MR — R e - PR RIS - 550

STEUER

b =1361,7 =0.263,a, = 151.714, 4, = 148.489, a, = 357.168.

¥
TRAFEA ] DLSE S B R I E R K s R E AR (EERFE R - 59w (EER Bk
EIHESEK a B a4, BN - EAH L ERHER LY Leader-Follower {H1%

MBS RN (R 1 BN 2) A ERAT— NETR SRR R Nash 1528 - FLREESEE
T (RErs 3) BHEM R EE - (A o] S WI RS Nash #5781 Monopoly ¥ B4R A H
BT AR T RS T A SE R BRI » HIUE B =M DA Nash 5555 < 280 » Fflist
ﬁ%)\?ﬁé"&fﬁ%ﬁ%ﬁﬁ Monopoly FERE/INA H 51 Nash (B > EfEE DL =R B RTEARFE

#EAT Nash (IS FHIRE WA SHE o
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BLKz Monopoly (B &5ESAIE] 5 Ao o HLAEE - FefiKF LA Leader-Follower {F Fy &2k
T S T R IR

=Ty T g
t17T,

Horpr it il B i 4 RIFTEEE - 945 (Monopoly ) BAEAERRRE TR j 1
BB ¢ RHIRLE -

110 IR LI A B
SEEsssssanEEEs, e .J""" ----- fae
100
o === pl
----- follower
----- Mono ol
80 poly

| i e g -

60
0 200 400 600 BOO 1000 1200 1400
110 R
P vy penea Tt T e,
100
901 === p2 .
----- follower :‘.{“l _—

80 { +=+=+ Monopoly l',:

e
S };#E’lr;mh .&‘:E_:'“ﬁ. l,,” | _]-i(v

60
0 200 400 600 800 1000 1200 1400
160 T e,
T PTPUPT T TSN LLLLL R TTT TR,
150 N om0 oo
T e e D et I PT 1
e T TR 1 1o
140 T I I , bRl st
I L il U I R I
130 RN I B R AR PR TR i ke
b gt BN 0 L -
120 SR T T 0o i . Iy '
CRCERN I WL g T
TH -
110 'I ! L] L J R L L L] Ieade‘
e Monopoly
100 . . . . . , .
0 200 400 600 80O 1000 1200 1400

5 =%¥&F5 Monopoly f{1 Leader & Followers {Ei&[E 7
BERACHE © AbTZE TR
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3. HERASE R R ECE

TR Hi I BB O 7 K SRt o+ BIVET M (T 2 R 52 B SRR U By - A LB BB
BT —BEREN=FHEEERSRAEMENOTE » k2
s™t = (af,af,af), {i,j, K} = 1,23 #hjetai o SRR ZIRPE TR » =5 Wn oL
T8 A% 8 E A R R EUE (B0 T ARSI 5 I3l ok 7 =l 0 ) s i G 2
HOBERR - SRR & I (AR -

4 BEHER

% B T —IEEIREHY = R s (EAS USRI P T B A > thst2
ZIRPEEER > =5 RS R 7H LGS & AR s B EUE (A TR R S E -
55 T TEEERATE SRAS SR ANE 6 o A ERHYE - HEAY R R I O W SR R s PR S A AR T
gy o B > S EREE R AT LUE EAEBR & 1T K (Monopoly ) SRS » 1155 51
e (RFRREME) AR T A4 ES B R B (s R - B - ISEATE
R AR L R AR B 5 0 (E R Ry (2« SHERG RS E(E - RIS S M ps il R 5 58
Monopoly fE & » %5 = 52 i i 415 fr A i1 55 <H 25 i W 69 0 Az - 040 6] IR 5%
Leader-Follower AYfAAY » 28 Q ELE TR E EHEZIIERS  JEIF - =5 MR
Z A% (DA Leader-Follower fHAAY BB ) 73Ky ¢+ 0.6904 (fgrE—) » 0.7489 (i
PG ) B10.2410 (FgRE=) -
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i

110

100

pl Tralning Period

== 5

110

100

pl Testing Period

:".{'a!

p2 Testing Period

;ii_"";.l"‘.r ..... e e
TTTTEY

Testing Period
— )
#E e -"'-'1‘.",“ i,.,,...i - O = sl
i “: ::-EH :r..—--‘-:*:.ﬂ
MR R E W

I:_fe‘-:-. W uﬂﬂ-ﬂmnﬁ-%m,‘wm

] 100 200

300

400

[& 6 Leader & Followers AT =Rk EIR-E EEAITER 2 3 SRATHIEER
BRER - A 5T -
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(=) ARG

FEM R EGIRRE T » A EF ISR B EASHE D S MY R R Hh 4R IEERE Q £
BEANERHTETIIGR - RIREGSURVE RTINS 1T R 2 (B8 - ] DI
Z A 7 AR R BHERS B PR ERS BRI R - MAE— R/ NERE (FR=%)
AT EBERRE Q B E AR E RIS AT ILAYE & DA T T
o AHh—S R G R E A ST R 28R S— AIEERANT
Wi & 1T R BLEREE F AU (EAS - SHE R T ER AU A RS S (i A (AR - T Iy B At
BEIPE SRR P AR F AV I BB S E - GEBCRERVEER - EhAREWER
BT R{EhS - StEsSm EABISEHLIEE Sanchez-Cartas & Katsamakas™ Fi#i /R[]
HHEBREAFHECNERAER - AR EEEFERAEEIRE - tARZ—H
[FE s BmAHEVEHIRE @ MEZE KR -

TEARMZES > Py REAE SR Z BRI FR R e BP0 ~ BRI B LA R A
RIg kMG HE - BRESIEE RIS #RE > B FERE L TR + (DR FiE
M BRI R AR S I T S B IR E L - AR BRI VBN LA T & '
PRTTSEIRR - R TR E - NI - BHEEE TR KB AT RS
WA o ()55t FIRRERV B S HIME © BT IRRRHV B B AT LT - Bl - (E 5
mi5 - JlEE TS L EA DB E £ FE - SRR BECA B S R B
ERAVIIEEER - R EEA TSR EIEE N A2 RE A » GBS R DIRE
o Q) FIFEM AT ERHEET BN AL BRI E B 1Y 588 & R oy &
o BHRAVAERE VAN SE R M R AR I SR TR S - AR BB R AR
FoekE - BRI E R 2 B - (EABEG AR RIIRG] - B4l © AR
TR (OARGHER RGN - BRMLAERENE » TR &R
G P TR e TR BE (4R (& g s /2 Bertrand-Nash » = {[E iz % /2 Leader-Follower f&
) o B KWZELAIEAISE S ERAR MR ERA CERERE AR
WZERrEEERY RS ) - R VAKIBEEL M S EIMENA - &% - RIS EEE
EHEA AR TREMEEAEETNGEEBRABETT AL o EF SR
AT RE Y R BLRCASZE B HFT & T - A RERE B T SR R = -

it
e
1

9 See Sanchez-Cartas & Katsamakas, supra note 69.
9 JRak ELFTHREE 87 - 88 B 89 (T -
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T~ &R

AT HEIN SRR ER P RIS UG ERIER Q BEAGU
RS (AT ATA BURERCITIIRSL - SE T WA LA S B R B B B
IR - Bt AT RN TSR IR S B O - S
IR S - AL E Python eSS B EIRIVERILIERI SR B2,
R (RIS L) S RESTER A 1T B S EHR R (1)
ST B B SR A R PR A (A 7 5 S T e (A A, QR
R B A T T 55 5 TR BRI - LR3I FESLBRFRE FT B R - 6
DRSBTS A A W R R EUA R - BT 25 » TSR S
R B S AT TR - (LA MR A R G (R B BB 5 KT R 23
R > BSOS AR BN - BRI 5 DAEREE T RS B AR
Bigz - RTINS RETRDAT R - 1AL - BIESHARE | 8 - SHITIER
S (BUSER FTASAE TR B A B3R » SO ARG AT ~ A
HEEA TR« TEMUE L+ B SR O R T PR B (7 2 A BB
EFTRBIETSE - BT A— KRV NER (JE=5) BT - RUeHAR
B e TR - EUE TSI - SRRSO S R E A S
BECRIEIAER - (ARSI ST R -

T E TSRS R - RITERRT SR E N (RS EBERERA) - B
AVAERR S A — IR (BTSRRI ST 0% - SRR
EBIERE - BTSEERETSEH0L - AT A AT S 1R
BT EERS CELRARS TR AERESE) - OB TE
RIRCR - BRULAEAT R A SRCRATIZN | IS R - H - RIS 5
3 - BRI TR E AR - 852 DS B T BTN - B R
45 TR AT A S B B AR ORER - DL Bt T R A TR A T
S T3 » WA R — (B LS BE (benchmark) + [T2VEH—(H

97 See, e.g., Assad et al., supra note 8; Wieting & Sapi, supra note 6.
BRI UHEEUAES A R CORETRE > AT B PR TR
IO GBATRFEEG (2023) -
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Wi ER SN LR RCRECERVER - SRIEAR BETAER A ER REESCER
ERAVIRE

KRR ERIER E 4R EEER (EEEME LR AEYI) AIESESE -
Es I BUE BUEE EYE RERE T i - BERERE T BRI EIE
BB > ErEE SRS E R A » 9 T IERY - RS AR
THYRTREE (A R HEUEERE & 1T R T E BEE AR REE - B RS R [E
FAAIE RS E G EH A FSER - ARSI &7 RER - REFEERER
EHER - JAMHUHTERE E R ERUA R E GO N AR HEENERS BT EHECR
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9 See Sanchez-Cartas & Katsamakas, supra note 69.

190" See Ezrachi & Stucke, supra note 3.
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An Empirical Analysis of Collusive Behaviors in Pricing Strategies

in the Digital Economy
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Abstract

This study consolidates the literature on algorithmic pricing and, by using a web
crawler program, collects real data applied to machine learning programs. It integrates a
preliminary screening process to examine potential algorithmic collusion among online
retailers. Our literature review explores the link between algorithmic pricing and tacit
collusion, examining sellers’ adoption of algorithmic pricing methods, their correlation
with market prices, and the types of algorithms used. We explore algorithmic pricing in
the initial investigation of computer and consumer good prices in Taiwan. While there is a
possibility that computer-related product retailers use algorithmic pricing, the frequency of
price changes is approximately 2-3 times a day. Therefore, observing the time required to
respond to competitors’ price changes may be more suitable for inferring whether
Taiwanese online retailers adopt algorithmic pricing. In addition, observing price samples
over a period of 1.5 years reveals that pricing models for different products may undergo

significant adjustments at different times, suggesting a semi-automated pricing adjustment
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method. We use actual data and employ deep Q-learning to simulate firm pricing. In a
scenario with two online retailers selling computers, we find that algorithmic pricing
without explicit agreement may still result in the possibility of tacit collusion, even though
the two retailers are actually in a competitive situation. However, in a market structure
with one large and two small online retailers selling a certain consumer good under
different brands, where the small retailers follow the dominant retailers, simulated prices
may not entirely reflect collusive behavior. The experimental simulations are aligned with
the literature, emphasizing that different models and contextual settings lead to diverse
outcomes. Based on these findings, we also provide policy recommendations for
competition authorities with limited resources. These include enhancing data collection
and analytical capabilities, prioritizing the use of efficient analytical tools, promoting
cross-sector collaboration, and developing evidence-based policies to effectively monitor

and maintain market competition.

Keywords: Algorithmic Pricing, Tacit Collusion, Pricing Behavior, Deep Q-Learning,

Pricing Simulation.




