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PP ETEERT - (0 o] DA A B PR (e A SRR (B RS HY LR  fE HEAY
o e E T A RS 2 S el - VSO SO B {ERs 7 U TS -
ia i E (B AR RN B IR SRR Ry i M B2 i 10 - mgef 2 AR
eGP 12 S ipek - AEEREEIL T » W SRBREUE I AR hnE m] DAEE A S E 4
Fr— (B S8R RER - AR E RS R R R IIE - (EmEE SR
G 1% ] DUSE R JE R ST E Ry /8%  Ross and Shadarevian (2021) f5i1 » #&
PN EERE Sy SR (B AV PTRAE Y - R EREIHBE S E HHHERIT
By DB ETREMNE RS SR EERNEET - AFEsiesE

I3

=

16 Monticello. (2021). Sticker Shock * The Truth About Destination Fees.
(https://www.consumerreports.org/cars/buying-a-car/the-truth-about-destination-fees-
al1615480982/)(last viewed on date: 2022/11/27).

17 US Department of Justice. (2020). "Extradited former air cargo executive pleads guilty for
participating in a worldwide price-fixing conspiracy," United States Department of Justice News
Release. 23 January.

18 European Commission. (2017). "Antitrust : Commission re-adopts decision and fines air cargo
carriers €776 million for price-fixing cartel," European Commission News Release IP/17/661, 17
March.

19 Court of Justice of the European Union. (2022). "Cartel on the airfreight market : The General
Court rules on actions brought by multiple airlines,"Press Release No 53/22, 30 March.

20 Garrod, L. (2006). "Surcharging as a Facilitating Practice," CCP Working Paper, No. 06-17.

2L Ross, T. W. and Shadarevian, V. (2021). "Partitioned pricing and collusion," University of
British Columbia.

22 Chen, Z. (2023). "Partitioned Pricing and Collusion on Surcharges," The Economic Journal,
133(655), 2614-2639.
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FHYRTRFEME -

Chen (2023) fE% 5 (Duopoly) HYAMR T A B HIATA & SCEMT I
o MANERRAREEEE - WHRHERE—EH > R AEH R
o EEE - N REmACE SRR (HE A - (EEtaesh - EhR(EE
b O b Epa A paR A (ERS  - JERIRE B E B —(EA8 L il e SE A
CEVAKEICTIE

(=) Z=RIHUE

ZAHEAIEGIEEE (Non-linear Pricing) J2 S ARERTHVIHY AL -
{EAH BRI E (B RIS SRR BHRET A % - Colombo (2010) &R MEZE IR
RUEE TE 7 e AN 7 — A= R HUE - (R 2R HUE T - B
FHIFMEM EXZFESEE (e —SERaUE) HAEZREN S
it LA — S SR BRI R S a8 T B AR HE - &
Sh4EFF - Gossl and Rasch (2020) WHFEEERMEEE (RUFE [ E LR MY R PR
BUEE - H RIVPI G2 i 2EE « RIRR - S - BansErET) 19
Beh R AEAE b IR EERR "= HUE - M3 STE4R 1%
B EHE SR - HEEFRENA R BRIV o MARER T AZE £
AIHUE B e EEDREUE €& - ARV ZE MR R 5 BE MR HRELR
PE(EASH » MR ERAERT - BRI BIESMEEET » MR ES SRR E
& BRT A DR AR TS R - AT DU B ETE K - AHEIZRER - 5k
ZiEW(EER - AlEEE N T &3 RS S 4R o EMam (] - 25 (72 H1H
{EERE IEREAIHGE © Liu and Serfes (2007) TF4E =4k HITEUE A2 2> Ry
B8 (% » {5k FH 4 2= R T i 2 P YR E L B B T 5 & o 3 & sl T 4
MR E - MBS P ERm BN - AEAEWHENTSE D
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ELEE 2T LAV ERS 4G - HEE T EDIMERT - Helfrich and Herweg (2016)
A58 Liuand Serfes (2007) HYRFFE » A3 EL 2RI HUE N SR FEBAY R E
FE N HEBINTTE G [EE T 5 E N2t - Fong and Liu (2011)
TIAEEEIREIRE (Intertemporal) HYZZRIAVE - (FEERELRE RREEIT4RIE
EFIVRAET - HER S —EE - $REA ER AV ESE#H (Loyalty
Rewards) AH[ e EHE

(9) {EFEUCACIRaE

(EF& TR fRaE A8 T e S B i AV B SRS - HFrfRsEHIZ2E C
P dt Ry T 35 R B R A (EAS « FE AR (40 Biswas et al,
20027 ) SR AU SRS T EAS UKL (s (B S A MR R G e M R K T 2y
FI BRI Ry 28 (S R A A DR B S 2R L » BRIFE HEE 5 Y
R ALAE 135 EHEE Ry e (RAV(ER » BAIRKATREREE PMGs @ Hit PMGs
R A R A B RAVERS - A B e E R - E AR S
¥ (40 Chatterjee et al., 2003%* ) - KEHHAVE A REEHT PMGs Y& FHE
e AE KA 5 1] ZRPIARER » (B E RED RS VT HC AR AE - B EFSERELIE R (E
=N - RIE R ORERRED LA FEEENE © & H b — (8 S R R
WA TISE - HArM & B8 E R EEL - WRERAE R E 2
FIFPERERAVE - MHERER > MREZFEHET PMGs , HBHVER
AIRE - FHENRE  RE RIS IR S ES R E R BT A
Gt ERIER % > TS R T ZE -

FEE S Hess and Gerstner (1991)° [ 114 fE#E i & w5 HEE

2 Biswas, A., Pullig, C., Yagci, M. 1., and Dean, D. H. (2002). "Consumer Evaluation of Low
Price Guarantees : The Moderating Role of Reference Price and Store Image," Journal of
Consumer Psychology, 12(2), 107-118.

24 Chatterjee, P, Hoffman, D. L., and Novak, T. P. (2003). "Modeling the Clickstream :
Implications for Web-Based Advertising Efforts," Marketing Science, 22(4), 520-541.

% Hess, J. D. and Gerstner, E. (1991). "Price-matching policies : An empirical case," Managerial
and Decision Economics, 12(4), 305-315.
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&R > Hrr 79 fEER A PMGs » 35 f)9F - 1883 #: PMGs BHERYRE miE
KR EAVEEELE )G PMGs HYRE (B A&t - Jain and Srivastava (2000)%° il
Srivastava and Lurie (2001)* AV E=E B iss Bt A HE R -

— -~ HEAEEFS R ETTR

iR LEIE B AN EE 5% (140 Ezrachi and Stucke, 20167 thff{g
ZAE(E Messenger {547) SN L EE - HRBHEAEE G
EUNBEREATE SRR EEHHE S EEEF R GTT /=T
W FEERAE S W DA ERET Y AR B A5 DAC] E - AHEHY > $ 5B
B BRI T IS R R PR B IR N EERVEEVEEE 0 (Fla
Ezrachi and Stucke, 2016 T1#2H{¢% Hub and Spoke, The Predictable Agent il
Digital Bye Z£{EH7) » MEEDAE BT TG ERE SRR T MY
R (WELR PR T8 ER) - AR T & 1T RVEEE - Mt &1
RIEARNE BRI ETT Ry - R > BFER S A RETT RV B A MY
JE 0 AN S 1T B R LSS T ST L R B S E IR HES |

B BRI ST T R VB ER B ] > BRI 7t v A B 2R (2005)7° 1Y
P ZE (R BT R R (2010)%° BEFNEIAHAH TSR T R aT -
GITRIEIN BT A EFES (2009 EFTEN AT - (HERT

% Jain, S. and Srivastava, J. (2000). "An Experimental and Theoretical Analysis of Price-
Matching Refund Policies," Journal of Marketing Research, 37(3), 351-362.

27 Srivastava, J. and Lurie, N. (2001). "A Consumer Perspective on Price-Matching Refund
Policies : Effect on Price Perceptions and Search Behavior," Journal of Consumer Research, 28(2),
296-307.

28 Ezrachi, A., and Stucke, M. E. (2016). "How Pricing Bots Could Form Cartels and Make Things
More Expensive," Virtual Competition. Journal of European Competition Law and Practice, 7(9),
585-586.

2 FBZRRL (2005) » BRELVERR & AT RBEURRAZ BT - ZNFXGFA B 13 EE 1H - H

89-112 -

0 5REfE (2010) - FREDHISH 54 ~ M7 R EBUTE R ZHTE © BITLR RS &R T

FRER LRI ER S R

SOEES - EERAE - aithsE - F10E - R0 - B (2019) - PR EABINEZEZES
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PRI BN ATRP B & 1T 5 o AR 2 BER (20190 AR
HEEAHBETT REFEARGEFREZZE - THBAR ST RERTE

m

FEEYMUGRE TS > Ivaldi et al. (2003)* fREEBAI ST ARG M
Higmootr © HStEBE ST Ve & - IDIRER ~ B RRDUERRLL
SN ETT Ry EAH S BE T Se B s BB 2 A AR S | - BESEREUR S 1T
FHIBISNER - BFER 2022 4EEE FTC $HER M & EE A IO
SR & T B P FERY5RBIF2 P (Compulsory Process Resolutions)
1954 £y Theatre Enterprises v. Paramount Film Distribution Corp ZE{f:rfi—
FAP GBI IRAISERALS R - FEPE B A tE oy ~ G R
soBd R NS TREEE » R E B R EC R A ET Ful - 1 ERB I B
Fre Bl A BE it o 1993 AEHY Inre Text Messaging Antitrust Litig Z&{4-t »
RS RTAEEREE G ENEBEREIVNE SRS ATand T ~ Sprint »
T-Mobile F{I Verizon Wireless K HEE @kt &7 B BN EEHE - 1972
> ZEE FTC F5#& Kellogg Co., General Mills, Inc., and General Foods Corp
=XREVEUEREEN THAE HZ A EAES S ko 5 HANRRYN
5 EAFAERGS T T B> WA RS IR A B E e & 1T Ry o 2006 235
H),E2EfE FCC xR T —15 RN {E Advanced Wireless Service HYFEZETHE
PR ERE - EHEE O E AR A R AR R P B R TR
HENE R AT RE (e R = & 1T B -

SNT-DABRETT B BBl o 45 26 Jaiit RIS 3 A2 A B X5 > H 113-143 -
% BRfle - BER (2019) - HEEDAEBSTT REEAIRGIS FRE MK - 2ERGFS
B PG10806-0043 » LT -

33 Tvaldi, M., Jullien, B., Rey, P., Seabright, P., and Tirole, J. (2003). "The Economics of Tacit
Collusion," IDEI Working Papers. NO. 186.
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R BUKE T ERMEREEST LREENRSTRZE
BBRE RH T4

AR N SRR R A e iR W B P Bz > N IEL A TR O SRR S
% BB RO YD - B S BEEEE R - 24 S R ] DERATA
sTEHATIEMEEE -

ATFAE > SURRT EACERET 2 (6 FEEUA R E I R B AR G 1T R HTEL
sett (AUEBAE ESB ST R Z BRSO ~ MHEZE PIBEUR
# o g1l OECD, 2017; Competition Bureau, 2018; CMA 2018, 2021; UK
Digital Competition Expert Panel, 2019; Ezrachi and Stucke, 2015, 2016, 2017 ;
Lancieri and Sakowski, 2021) ~ Falt (RHIAEEUAETEEDEE » Whati
HAZ R SEAE AR SCER > B4 Calvano et al,, 2020 ; Hettich, 2021 :
Sanchez-Cartas and Katsamakas, 2022a ; Asker et al., 2022, Klein, 2021) EiE
o BRI ZE (TRENFERAREEDE AT ERRHIRZ B SORE » 140 Chenet
al., 2016; Assad et al., 2020; Musloff, 2022; Wieting and Sapi, 2022) - H.rf1 »
Wieting and Sapi (2022) f5HIEE AR =R e EinsTh, &
e o RS HYIE T (A T8 B B BRI % MR RYERE
BEER mEE 7SI WS T BOviE - AL AR GRS A
(Albz k et al., 199734 Albano et al., 2006%%) - Ht » B ELHEE AT EE
AR EERE LB - NI R A E R mEE 7B a T REyERE - H
il e oK m] AR ERAY S - HLINIEE Sl (B ity s oA > (e b fm

3 Albzk, S., Mollgaard, P., and Overgaard, P. B. (1997). "Government-Assisted Oligopoly
Coordination? A Concrete Case," The Journal of Industrial Economics, 45(4), 429-443.

% Albano, G., Buccirossi, P., Spagnolo, G., and Zanza, M. (2006). "Preventing Collusion in
Procurement : A Primer," Handbook of Procurement.

11



o WS TT B 232 %E (Ezrachi and Stucke, 2016%; Mehra, 2015%;
Bigoni et al., 2019 ; Kuhn and Tadelis, 2017%; Brown and MacKay, 2020%°) -
B= 0 EWEMERE R E Lt HEAE (ER A ERS - 0 S ek
e E L e R (Hub-and-Spoke) RE(THYER{R (Spoke) fohiHE
FAJERS - a0 ARRE 520 S BEETES (Bernheim and Whinston, 19854,
Decarolis and Rovigatti, 2019*?) [R-EEIRG B R EEEEE - AN -

WA (4 > Abradi et al., 2022 ; Asker et al., 2022; Cavalno et al.,
2020) - RIfERS an s SR E (B 46 EHEED AL ERT - HEEA D a E
JE (B BIE R A BV A TER G - IR S A I s KR
{Ef% (Supracompetitive Price, B F+E I SGREAGH FAERENYER  fEHVE

HELEE BRI EREE TSR ETSHER) HRAERES -

2R B E B AR ST ARy AR e fEERS - (HEIR BHE
BABERERGTT B fEM s L ARA L5, © (fla0 Calvano et al., 2020 ;
Miklfios-Thal and Tucker, 2019 ; Brown and MacKay 2020 ) - Klein (2019) 2%
W R R EFA R A LHEMRPH2E) (Sequential Move » FE{£# /53

» SEERISEAER AR (FHERER ) BT e R -

— 2B P HAEER: o n AR ERTTE) - M S A
SBLIERFPETTERE - ) (VB R T ENEESFREER ZBETE -

slT

\

36 Ezrachi, A., and Stucke, M. E. (2016). "How Pricing Bots Could Form Cartels

and Make Things More Expensive," Virtual Competition. Journal of European Competition Law
and Practice, 7(9), 585—586.

37 Mehra, S. K. (2015). "Antitrust and the Robo-Seller : Competition in the Time of Algorithms,"
Minnesota. Law Review, 100.

38 Bigoni, M., Potters, J., and Spagnolo, G. (2019). "Frequency of Interaction, Communication
and Collusion : An Experiment," Economic Theory, 68(4), 827-844.

3 Kuhn, K. U. and Tadelis, S. (2017). "Algorithmic Collusion," Presentation Prepared for
CRESSE.

40 Brown, Z. and MacKay, A. (2020). "Competition in Pricing Algorithms," Working Paper.
SSRN 3485024.

41 Bernheim, B. D. and Whinston, M. D. (1985). "Common Marketing Agency as a Device for
Facilitating Collusion," The RAND Journal of Economics, 269-281.

42 Decarolis, F. and Rovigatti, G. (2019). "From Mad Men to Maths Men : Concentration and
Buyer Power in Online Advertising," American Economic Review, 111(10), 3299-3327.
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Calvano et al. (2020) - RIS BEARAYZPEEREE T Al B S S E (EHET T
it BIEEREAH AR (JRE] - [F]F£ 8] — Simultaneous Move — HYEZE) °
ALRER S RIS S 17 R ORI » (RS B St i e K
(Eh% > HIEERAZEA ~ Tk - 2HEHE - NS E IR
/& - ZAMAHEHY > Miklos-Thal and Tucker (2019) 3435 - 4IRIEBUARERAE)
g e AERAE S FEORIRR 0K - WEARIR AR KB B B84 - ADEBEDA & (Emg a1
TR K IE [ SRy BRI AR (S - DARS [BE 2R E 52 - JRBl EEEEARE
SR B AR AR A 1T FEUHIST PR st [ (R B AR 1T B DM B B R -

REECRINAERE - R R B A R e - s B A B Eris g
G FE A A SR SR AR 1 (CMA, 2021) - K[ S BRET YA T3
THRERME - IERUARVAEERE o BRSERRE E R EE N B A E (H A2
B T AR B EIRY a2 A HSEET » Bt aEESHRE
LSRR AT ROVRER - EHE IR ECRR EANE > REE
B AIFTA B R AT E RS T RIS el e NS AL > RIL >
R R S ET R > FREA MR A PR HHR R 2 PR E 0
EIVEERS - I fERXEE R A HEEAE TR T » BIEE TR
BB T AT BO0TEE (Rab, 2019) o H4/ME S E LS EE
S HAE i (E SR A RS (PR T IR PR E > Rl B R
IRREHE - E RIS T ARG I E (OECD, 2017) » JRH] -
R PR R A E R AV ERS ER B G 1T BRI KeE » & o] DA N T8
ELIEGET N (ARSI R E P2 (EEN) B
FOHBEEZENER  ENERE—ZARN - S sE R E A M
BNARECA T - BB LR A R R BB 2GR A -

FHTECRIEEIVRE - Gautier et al. (2020) 525 » S PRI

© a0 - FEEEREAEREEORIG R T MBS A R B A o HATtAR
A HA UBIADE R A 2 BN 1T RS A T & 1T RrURE S -
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bty H BeE B B o TR E A B A AR & 1T 5 - R TaTRE A ER R
EAYHEIEHE R  AHEft Frachi and Stucke (2019)* RIS IR =448 - fif]
R PR E AR & 1T R RN TTAE - 1 BAERSER 158
8% - Sanchez-Cartas and Katsamakas (2022a) {¢ B EREAEEIEEEFR » RIEIHY
HEEGEICAERER - NI R EREE R EEEEENHRE - R
Z—RECHE B AN ERIE - TEZ R EHE - AT EN U E
RIS\ TEEE A EBAR ST R E A ES T Lo
({541 Assad et al., 2020 ; Musloff, 2022 ; Wieting and Sapi, 2022) - #EZRiZ 0
AREALEECHS BN BEBETT R » SUEEE—EF ez
51T Ry > Wieting and Sapi (2022) Ei Hettich (2022) &d5H =48 EEER
B RS ZEG » BIEE AEEAEE T E#LUe T EB s ER - A
TAERHAVER SR A E EFY ATRE - R FRZAER VA BRIV ET) -

HEPRE B i REUHBUAE EARN RN - (BES BRI AR 2= F
A B F 5 B 5 B B A8 U DA TE Y E Y o Akhgar et al. (2016)
we 1] DU F P 2 22 58 1Y T8 SRLVR A AR | PR AT i R ] Y 2 el 3B % (Hlidldlen
Relationship) - {EA&HE 1T RAVHEEE™ - OECD (2017) 26t T FIFIKEH9E
PR IR AR AT ] SERRE AR5 1% - 1F 2020 A AP 5 &R
g (KFTC) 5% Elsh KR =544uh Naver Corp. #ifei=imE0% » (B
R ELE N E94R EIEYIRE o G E DASIERY - 1E 2021 47 KFTC #5422 Coupang
B R Y e = EE S (BT B CAVIRES - MRIER LLE]

4 TFzrachi, A., and Stucke, M. E. (2019). "Sustainable and Unchallenged Algorithmic Tacit
Collusion," Working Paper, No. 366.

4 Akhgar, B., Bayerl, P. S., and Sampson, F. (2016). "Open Source Intelligence Investigation :
From Strategy to Implementation," Springer International Publishing.

4% OECD. (2017). Algorithms and Collusion : Competition Policy in the Digital Age.
(https://www.oecd.org/competition/algorithms-collusion-competition-policy-in-the-digital-
age.htm) (last viewed on date: 2022/11/27).

4" Yonhap. (2020). Naver Faces 26.7b-Won Fine, Accused of Manipulating Algorithms.
(https://m.koreaherald.com/view.php?ud=20201006000715) (last viewed on date: 2022/11/27).
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RALFEE FE A E T Rab o BB Z rOE T - BEEMERNR RIS & (5 A
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FYERAS) RAEPREN S BRIE Bk PR ATie 40 5 A 2 E B S A AU 4
HAEPE -

EREERZ  WRiATl > TE T s B EERAEE - Fral 2 H
HEEBITIRGTT R o T ATy 20 25 8 A P S T B Ay (B T A
TTHVE S IR > IRRU ORI ST Ry o AEREIA P S A1 DUk
AR ST RAVRUE T AR ST Ry > 45, DALY ~ s At U750
Zeis o HE. APEATEEA G 2 B 152240 - iR DN B RS
Bratt el SRS - sk BRit - A RATES & - 5%
TR ZEEGHEEFHERBEZNRZEELZ - 5 HRATFERe S
TR AR E A8 R ENEEBEE S FEEENABAEA (RE
{518 —Messenger — 1557 » NIt H e pE e B A EHE G B AR GTT~
FYRSE - AL AST S B B D > (RTTES ~ PSR RHE ~ BA K
FEECORSEEME > SR e CRAEIR) BET BAVERR (Hk%e) > AlA]
TER R > MR Bt EE B TIREM A - ASTE W RHRILIZ HAHR 2R -
R EZSS -

AR SRR A oY B B B S M SO S BRI BB i E T 45 R -
SEFMGERESH—ERGANTEER G RERAB ST HVER -
It AR L 5 BT R AN R SR = F S BB S 1T R OB S »
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BT BRABSTT ROUREEBHIBI

AN B R LR A Mt 1 7 R M B Y SRR 0 O it o R B i L B S8R~ B
7y LR RS AR B B B (EAS S B A AG HSR  (Folk Theory) BEERZC
ST RIRAIE > DA Green et al. (2014) Fre Ay ZRREER AU 1T Rl ]
AR 1T R P A A T DU B RGP P BB S 1T
PR ATRR AR - EEERVED Y > AWIFREEHIRAT 10 & (2014 Fi25)8
BRI ST REVEE AR E MM 15 5% » AR ZEGIRIER L - BB
GITRARIRIZEG] 3 (B0 A SR Bl 51T R (BRI T LA > DAL
iR AR B LS

B8 ERAB AT RAEEYERESUR

R FE - B ST Riar 2 —dH M R T B 0 55 1y H
() > TR B DU s BB 2 L (94T /™ (Garrod and Olezak, 2018) « k=,
SEETT Ry MHEIRER A s R A SR A - R T e A — B E
M (Coordination of Conduct) (Harrington, 2012)% - & « By S AR 28 ARl
AT RIS TT R A EA R EEEE BB a7 AR 101
7EZE (TFEU Art 10)EYEY I - [AE 55 B i st B = SZBE B A 2R 1E (Sherman
Antitrust Act) » HERRRGTT R T S B S 1T RV - R SZ BB YR
S EREEEE A ARE B & 1T R IR HiREE HI BH RIS R -
B AT S 8B B AR P A ST /R THEE - HEER
SEFAE 1993 4E¥} Brooke Group v. Brown and Williamson® 7 BEEFZE(EY5k

50" Garrod, L., and Olczak, M. (2018). “Explicit vs Tacit Collusion : The Effects of Firm Numbers
and Asymmetries,” International Journal of Industrial Organization, 56, 1-25.

1 Harrington, J. E. (2012). “A Theory of Tacit Collusion,” Working paper, No. 588.

52 Brooke Group v. Brown and Williamson, 509 US 209, US Supreme Court, June 21, 1993.
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FEARELA RIS BRI R B 5 BB & 1T Rk
ﬁ%éﬁ%%%igw,(mmaMQMQ“ L T R EUE R
BAB ST RIES - SR ST BEB AT BT T LS5
58 3R B RIS BB R 55 554 (Communications and Transfer, BLTF
RS G LT KRR 7T LA 7 G [P - B S (Initiation) B4 (T
(Implementation) - FF38 " HEE | BSELEAEI ST A TES AR - Ak
PEL L1 A S R AR O 1T B (Sbhl) it Hop A g
SR E R ] - R FETA0 53 BB 1T Bl R L R A0 o B 2 75
R IRITT By - T BT ) T ERR Y R0 I SR I T B A
S REITHINEE] (BT ERSH E78) - A0 ERERER RO &7 B
ek o LAREIR S B ST BRSBTS B - BT (AT
> Rk R T R El S EL i » TR EARGEN - £

B ST B TRERETEIE T BT ) PEEYE M » IS SR & 1T RS (e 5
H ) REESLOVEE T RS R » UTE BT ) BIR T R R
ST R RIIE - 5 P S O L R T B RS » o
TR SR NGB (WA (RS -

Greenetal. (2014) K35 " #5E | 81 " (T | PEE MR ~ 4 > REER
BB E T o - &7 A (Explicit Collusion) EABRZ=CHG &7 &y
(Tacit Collusion) » BUERER RV MH--BRELEE (Tacit Agreement) ~ FHZ
Pt&1T B (Explicit Collusion) FIER#Z{75EH (Tacit Coordination) #2454 - TfijEF
Tt BRI BB & 1T B (Weak Explicit Collusion) ~ 58RZHF
bEr1T Ry (Strong Explicit Collusion) DLRER#FZH7EE (Tacit Coordination) =

% Green, E. J., Marshall, R. C., and Marx, L. M. (2014). "Tacit Collusion in Oligopoly," The
Oxford Handbook of International Antitrust Economics, 2, 464-497.
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{2 T 3-1> AT AT U RBHRAY SRR =B & 1T /S B TRy
TR ALKE S S A P AL SSEE I B R BT T & (Initiation=yes)-
ST AT A 1T 2 (Implementation=yes) » &4 i 1 =y B & 17 &y
(Explicit Collusion) » [ AFESFIRATE S > SEm S LIS B2 & A BT
Fo > HEAEBITIEEA I » o] DU R 1T R o AR S EE R B
AHFEITT REPITIES = - AR RBEEE - s EE 20A
TR EENS - e Z [V ST T Ry () BT S 3 REPE P B T
Eefih = AR PR - ANE AT - AEACR BLA R EE T o W BRI ST
oY IR S A AR e A S5 E P P il - (B TINED R A s - it
FANE DAL OB B2 G TP e BB ST R > (HAETATERA S0 b AIHEER
RERELETE - (f Green et al. (2014) AFEEMEILE 45 " 59
BT Ry o TR T HIR A R A Ry e ST R - Bh =38
FERIE AT R DL T HRI Bk = Sy L R RE By T RS2 sk |

An Interpretation of Economics versus Legal Terminology

Communication/Transfers
. q Unifying
iniaon implemertation [l cconomics il o |

o ame st H o
Yes
Yes
Explicit ]_[ Explicit ]_[ Strong e)_cplicit ]
collusion collusion collusion
- : [-Yes
No H Taf::\‘lil::?;::it] ]_[ cool::::tion ]_[ cocr-:—;:attion ]
B 3- 1 BESTTRSERRINES BHANER) B R 2KK @ Green et
al. (2014)
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Greenetal. (2014) {5t > FELOFREANEFRBESA R " BB ETT R
PRGN 3 T 2 ] 225 A i P ) A A R e S U Tk » TS > i
BT RZREH I AT TR B A R B S i - 1 L BB A RAYTT
Forl & m A\ S 1T RoUEns - AR T > B a1 TR (k) 33407
PROFAERS » FREEERR S 2 & oy R T M E M PV AR — R B2
TP K1 B S BRI RE R B & B F T Ry - & SR %
Ji/2— TR (Common Knowledge)™ [ - Jigr it o] AEAE NP FL Br =
AR T o BILEETERETT R o HAT > AR SO T E R 3L
a0 BLFE TEBETTT B LME S EET ST & diae L HEAL (FTREE
PRAIVERY) PROFES - H3dELE -

FERERRE R EE R H RS H L RFH ST a] LUIE
A £35S B T AT TEN LA S R e L IR T Ry - s Rt T Ry P A
AUEESR (BIAPATHY IS4 E)) AIREBlEATESR MY T &R M aE Ffg -
7 HKEE S AN B B R EER ) A E » (B2 - WRIA T ERIMNIET |
(Extra Ingredient) =] DIFE# K g fe] 2o $H &7 L 0F » RIEEDLER A EAiAy
1T Ry A2 SO IB I RE A

BHER A 1T R A BRI E 1 S am 2R S (B S 5 (Price
Leadership) EAEFRGHGH o (EAHERALE R S o G AT | A — T o3
IR HE AR TS P HYER (SRS KA LS — (ks (T
FoUE) RIE o R HANARRE (F RyiERE) PR A AH R 2 A E S
IKAESERS B LAVIR DL - (EAS SRS AL i 5 3R A S L AR B T 55 T s
[ CE (E BB R ) Y SR AR B AR Y — T P - o — (i e s e Y (A &
B AR P R E B A - AR T (B S A E I fphafkiis > Bain (1968,

Y EEEERT o HREEER T AR RIS ERRERE o 1 H AR
FrA HA BT E R Z RS, - AL - thENIE - T BEWE2EERHIFTATIR 2
Y SE R
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p-312)> 30 R (EhE SH A ] RE AT 2 — T R P TR 5 ol A ELACHB R E (E A T
Fo > IN R A T MR RS > S0A] DA R — BRI S 1T RV

BEASEE S R 2 e s B — (RS - H R E RS T AR
AT Nash H5#U R S56 » Rl R RS Rl R IEEEEE Y - HE 201
AR AW L (T B TR 0R) » & B Ry 69 A] =] 17 EL {6 A8 3 4
(Feasible and Individual Rational, FIR) FY[a[$zE0 o] LIFEHS#RAE N E IR - BF
HS T LR S S 1T R BT B I BHI FE = F Schelling {F 1960 AEFEH -
i TR E S AT AR AR R T » BrR I E ARSI FR S B -
M FAE Scherer (1970, p192)°" HtE HEFASERRTEE B LAV ATREIER » R
JE MR S BB RS FTRE(E IR R i S A (S0 FH R PT RERR Ry BEBE (Focal Point)®® -
DURHRS T8 S i e LB BE BN e & 17 9 By FHABES® (P14 Friedman, 1977)
AfE G A A T 20 rRETF 5 1) UGB TEEE (A
BEARZEETE) (IR NPT AT REE ANV EE S (Set of Equilibrium)--H i {1
i T EBETIE I - BEEIS RS R ERVE R S RN R R R (B
%1 Fudenberg and Maskin, 1986 Ei Radner, 1986) S Fz4 it Y522 M (1
41 Mailath and Samuelson, 2006) Ry {EZ2[R G - SCAEFRERAYHER - Lt
TAFEMEE I B A R R AT 0 BEE T v DAE R R A2 (BE
D)) TERAVEREE AR AT R -

FH P (B SR S i L RS B e 2 A R e R M Y B M - PRI
ARy TR G T R a2 BT - ZRTIAE Stigler (1964) HYBHAIM: R
faH T RS R ER AU S 1T R Y RBHSRAE A T A0alBH (- S B G AT R AR RS

55 Bain, J. (1968). Industrial Organization. John Wiley & Sons.

% Schelling, T. C. (1960). The Strategy of Conflict. Harvard University Press.

57 Scherer F. M. (1970). Industrial Market Structure and Economic Performance. Houghton
Mifflin Company.

¥ EEEER T SRR IIREGZ A A SRR T -

* Porter (1983) Hff>EEsHES Him Cartel #EITHYERSIITE M ARG E A 24
FIM 2 LAEL Cartel =] DAFFERAYEE(E
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hErBlEa L SN RN G 1T REZ (FHEFER M) ERRE
= EERR - TR A A A DR AR S YT S R R AT AR
FIFIE - Bagwell and Staiger (1997)% Rl F 551 5 o) Bl (B A S A B 21
fERETE BT RN " Bra T R PETE - B H2H
b B 1T Ry 1 W P 00 A i 2 (e 2 1 A T 2 AT ] B iy 2 (A Y TH B
REARA ) PR S A AR SRR ASR E » B T RSB
AMEFSER) S (et S 1T HHIRISE & - i Sugaya (2022) iS5t - BHGH
smAvBEEN R B AR EERNIiR S KR TS T
ARG ZENES] - oy T EEEMEEREEN > § Az E R E e CH
TN EA BT R AV B R TENH AL AR - Drod a0 B R AR A HUA Y B 22 4E
-

HIIL - Stigler 305 B T B4R 1T R - MgRa LA —(EREE
Bhis & 1T Ry HIZRTE (Structure) A 2222 BLIGH & 17 R HY i 7o ] DA R 2 BT
GTT R R B T2 B R B 8 - ARy P Rl S T e 8
BIRACE R THH (Enforcement Structure) 25 o fifEERAIH &1T R (Bars
[N HET TS E) HURISE [ o ARy Stigler FTAtAVlE & 1T A2 RIEER
Bk -

Friedman (1977) /255 — R 12 B A 2 5 1Y B 3 201 th 49 A 2 3R
(Revenue Discount) HYEAE » M5RH 1 R HHT A B Zr IR iy B
SEFH - BEZR Friedman (SR EBA IR S 1T R THYSIEE A A8 2
B BERRREHITT R GRE) 258 2EMHRY - Ivaldietal. (2003) 5 T 1E

T T R TIIESAZ ERES  HRNRRE Z e AR 8 - eET
IR S Y S (E [F R R 2 4 R A R 5 [ 35 (8 - Invaldi T2 Af5HY
AP EBE I E MOty - Feo et - AR IS AV AR R RS R

60 Bagwell, K. and Staiger R. W. (1997). "Collusion Over the Business Cycle," RAND Journal
of Economics, 28, 82-106.
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REFH (-2 o A3 AINE e B ZE SR 2205 B AR B T R S s Y
wfEFEE (JRED > FEARMHZSHY » Incentive Compatible)

Fudenberg and Maskin (1986) /g ps 2 A {HA SR A A
GBS T DA AR 2 5 SR B P2 — ks o] DAEL R 22 AT B © SRS Hy
BEITEIZEHC AL EHEET AT ] DURIE B ORISR DU B R i 2
TTEN 2R e H I EAY NS - Fudenberg ~ Levine and Maskin (1994) 5%z
T T ISrERE SRR ) IR T BGRAEA e Bt AL N —2 3
A E BT - (BMEEEEEIAR TEIRVLE (D) F5 &
TR TR DIRHEEE - N ERHFRFEEFRENBENARE
Fe AR o

HH> e B PR RV R A S AR B A R F Y > IRt 2 b B A
TRERGRE—AREREEE ) RO TIVES R o Wb R MR
8 HAREAR TR AR o RSN GRE) REEER -
BT _EAUCREEEA AL E AN IR B WA TR R TRAAGRE. (Private
Information) B B B 3 (A BB R IY AR T 2 F Mailath and
Samuelson, 2006%°) = Sugaya (2022) 505 > FHIABEZ IS REAHERS > (EIRGERL
NEREE TR & S G RE R ASEE T ETEENEE—E
T EHIRHEZINIRIRE - Piccione (2002)% LUK, Ely and Vilimiki (2002)% #]

O TEFEEER T BRI EA RN S B EAERERE - DU S B S
EEFREATE AEAE - F%5 - MRS HieME S R B S R B R R AT R A -
HEBWECRRAEMNEE R RN £ - SRR TREE R
T BINE S B MR IS it eI T8

02 FEE PRV S BEEE A R A HA AN HIERAAGE - BEIESBEISH e - 7
am O (B B B R SR E( T EA AR E. -

83 Mailath, G. J. and Samuelson, L. (2006). Repeated Games and Reputations - Long-run
Relationships. Oxford University Press.

84 Piccione, M. (2002). "The Repeated Prisoner’s Dilemma with Imperfect Private Monitoring,"
Journal of Economic Theory, 102, 70-83.

8 Ely, J. C. and Vilimiki, J. (2002). "A Robust Folk Theorem for the Prisoner’s Dilemma,"
Journal of Economic Theory, 102, 84-105.
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FHfEE(SH9% (Belief Free Equilibrium : BEF)*® AURESAEINIURIEEATROE I
SRR — %P 5eRAVEE (Almost Perfect Monitoring) T+ » FjA
A TAIIE Wy 5 P T AR — 4R AT AT HL (BB B AU 4= - Matsushima (2004)7
i BFE Fr{URAVASERETETI B RS E%E (Noisy Monitoring)—{Rii% s
SRR (Conditional Independent) » tEEEE - F£ 2 B EESE T il
METTENZ 1% - PR BIRVERIAE st A AR St ALY > I HEEH
TEACRIEEEE T » BERSERERALIL © Yamamoto (2012)% RIME— [ A
HEREIZ (N) AAYIEEE: Kandori (2011) $E BEF YR bll s HT 55
BEF $59fy | AU  Sugaya (2022) £ AFERIVESE T - #AAAGEIILE
Flzz#r Bl (Discounting) » i #HE T BEBSHEEmAL TLAY AR BRI FRBMRIFAE
FANBEPZE ] LIS iR AL - IR 2 A IR EE L T - B m )
T AT DAL - HUA B 7 e AR - B RGEE moas > BRI A 2
WHERHY

£ L4 Green et al. (2014) HYZERE T > AURBERSHIE ST RIPAT &5
R R - Bl A AR > Qs Ras Bt et Ry > 598U
BT RABIN R R E A E TR BB ST R - B ES0E3
B RILIHZCE SRR SR 11T THR5S Fundenberg and Maskin (1986)"
o s BIEAE B HEPE Beth = 7818 - £ Nash M > E(E 2 B2 H B M
NSRBI R RCE (Best Response) > fia RS AT AR g B GRS Bz il
SCRFRZAERAYTHE > JIIE% Nash SR E'E EMEE 7 EREIE B T RE HERAY

0 —(ERISMRZMEEH - SEEMIVEET BT IR LLCH) - FES 1%
GRISH eSS E HA 2 BB T Ry T S lry -

67 Matsushima, H. (2004). "Repeated Games with Private Monitoring : Two Players,"
Econometrica, 72, 823—852.

8 Yamamoto, Y. (2012). "Characterizing Belief-free Review-strategy Equilibrium Payoffs under
Conditional Independence," Journal of Economic Theory, 147, 1998-2027.

89 JE BE (& {4 F1$5 ¢ Self-generation, promise keeping, full dimensionality, and incentive
compatibility - 5F4Hz7EAZE H, Sugaya (2022) -

0 Fudenberg, D. and Maskin E. (1986). "The Folk Theorem in Repeated Games with Discounting
or Incomplete Information," Econometrica, 54, 533-554.
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458 o 4 Carlton, Gertner, and Rosenfield (1997)" H FH i HnE{E By 5l +---
WAZZ /N EIEREL Bertrand 355 ~ {EA&SE 20822 H o 7 HIEH%E - DIRBERA
FIAYFIE RO RS R B RS A EE YRR K 4R o Hrp - (RS R T (1]
(R HEEEEEN & EVT R E G i 55— 2 N ST VIS F0 B O] fE - R AE
FBRE e & 17 Ry I AT 2 EEE (B A L B0k -

Green and Porter (1984) FffgtHify " ZLEHEEETE(E , (Oligopoly Pricing)
iR R SRS E By Counot E7E T HIRELRERSS) (Supergame)’? Wi HI{E /D #E
VETSHE R A Ae i S HERS AE R R AVE ST R - 5 R A5 T
ATRERYSE » HA] DAMEI A AR EE eI E G T 4R HE RS 3
(B8 - (HRFREAAEENE > Bt A e S e s TayE S 2E - Ala]
RE M2 TV EIPE B - FEERRAVIEN T ASRGR = B S B Y8 8 » i
FEAVEE 1T R SN ERRAVEEIPSE: - i s A
KPR ST RETHE -

Marshall and Marx (2012, Chapter 1.4)"% HI#i% 7 itV E L » SUEE
BEEBANEGHRAE EHESHIR -Lumpy- F53K)  BEE TR KFAERIRHY
AHEEM: (SEEENE) » BB ERIVIT R EA RIS RS - AR 1 5 FE AR
BB T R B = 788 - RIEERrE R ITET A 8 (#A MR Fiaok
FzeHYAR - WA S PRI E BB R T 5 I DA E B S A LA
A ETT R

Abreu (1986)™ #& FH £ Bl & 17 PV G 5 T S SR L8 HRHE s s 1
&1 (Optimal Punishment) 3 HI1ER 17 5 Bt PE Bedh = ¥ 0m » (HA[LL5E

"l Carlton, D. W., Gertner R. H., and Rosenfield A. M. (1997). "Communications Among
Competitors : Game Theory and Antitrust," George Mason Law Review, 5, 423-440

2 {EIHEFRE BAITINAYMIREHE ST (An infinitely-repeated game without discounting)
3 Marshall, R. C. and Marx L. M. (2012). The Economics of Collusion - Cartels and Bidding
Rings. Cambridge, MA : MIT Press.

™ Abreu, D. (1986). "Extremal Equilibria of Oligopolistic Supergames," Journal of Economic
Theory, 39, 191-225.
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SRR T RESAERF B RHIFIE o Abreu, Pearce, and Stacchetti (1986)"
bFEER Abreu (1986) AHIERIRIRE - {HfF 58 BRI RMFIUR A 58 2 5% -
Brock F1 Scheinkman (1985)"® #ff5¢ Bertrand 5% EHVBAREE R 558 B &
AITT Ry o PR AEl S 17 R B RS B2 AT DU TR AR Ry (A8 05k -
PRITEE ZE AP U= A0 o] 52 24K [0k = Lambson (1994)RIRFFSTIE 55
B 1T R ] BB - RIS BHEEIGEE(E Bertrand #E
B4R ELAE Cournot 3% E B AR fa) G AT -

FE ERAB AT A EYER SO

RetEREEF T 3 15 REBAM ST HA R HEOR B a5k
s SL > Mbifam KT R 3-1 © FHFRATAL - AIRE RO G 1T R H Y %
FUFERTZE - BUEE - (Rb ~ R0~ DR~ dEfthay ~ BR - JURZT BEINE -
R EAT R IR 2 T 5 - ABITTESIER - 55 - SHEER
b ~ HEIFTAEEERGES -

R 3- 1 T HERAB ST A BV E B & 5 T iskaw L

FEE (el 517 R H T B (D)
e o S e S5 - Ciliberto, & Williams
EEWIZEE BT oLk

% th %5 Pl / 45 (multi-market
EBMIZZZE  |contact); 8 i = ] &% (Code-
sharing)

Cilberto, Watkins, &
Williams (2019)

S Abreu, D., Pearce D., and Stacchetti E. (1986). "Optimal Cartel Equilibria with Imperfect
Monitoring," Journal of Economic Theory, 39(1), 251-69.

76 Brock, W. A. and Scheinkman J. A. (1985). "Price Setting Supergames with Capacity
Constraints," Review of Economic Studies, 52, 371-382.

" Lambson, V. E. (1994). "Some Results on Optimal Penal Codes in Asymmetric Bertrand
Supergames," Journal of Economic Theory, 62, 444-468.
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SRR |2 ooty
EE SR RN LA Bourveau, She,&
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EEIREE |Z M E #% (quarterly |Aryal, Ciliberto, &
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% AR Feng, & Tseng (2021)
BOMAVEERL |, Igami & Sugaya
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e - Pawliczek, Skinner, &
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BHRES | ey o Al¢-Chilet & Atal

=] B | == 7 oy
- RS (2020)

BEIREOR SRR A S e (B 21T T 9T - (B AR 9T T 2 REER AT

ErEE AR ESHA B FBAR ST hEEREE 2N EGENER
AU S 1T Ry B R S 1T R iR BB G 17 FI R R B R
MHEEEISE— DAY - DU EERL R TSR Z 2t 5eam
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— ~ PR SR
(—) REIFIZETS

Ciliberto (2014)7® 3= B DL 35 B fifp 25 & By B > ¥R 90 % T 85 i 45
(Multimarket Contact)/ 275 {4 T BRIk TT Ry o 2 TS MR E 75 R s
I R T EE - #5492 Bernheim and Whinston (1990)7° {34
% T PR W7 RESE R R P A IR i T & 2K - B s B i
HBREHS - BT R RAVIFEEBK » B ETT R At
BB ©

FE 5747 (Empirical Analysis) Y357 > fEZ L Evans and Kessides
(1994)%° heifgET7% (LT EK) RS - TREmisB P AR THE%
735 P AL (B = A AE BRI - (0 B R BB &S P B R M A F
FEA RSO (Hub) B » DUFE Ry 26 i eiiny T2 %% (Ciliberto and
Williams, 2010%" ; Williams, 2012%) - 5% T HL# 8 (VA RMEE I 22 A SIEH#
355 EFTHEA B S 8 S B AT 22 A B BRI TSR SR A AH R - BT
GRS % TG I R RG0Sl = Y SEE R A B HAHRA T - AT AN S A
BRI T SR E R LR T ST R - M5 R HA S A
BEAE AT ETREM: > B0 RS A R AR e T RE A A B M (B R R a2 3 Bl
T 5 P I B = Y R B AR 2 B 5 ET R - INIIL - R TR A
ZEREPIBR ST Ry (F B TR EEREENEL (Two Screening Tests) » 55—

8 Ciliberto, F., & Williams, J. W. (2014). "Does Multimarket Contact Facilitate Tacit Collusion?
Inference on Conduct Parameters in the Airline Industry," The RAND journal of economics, 45(4),
764-791.

8 Bernheim, D. B. and Whinston M. D. (1990). "Multimarket Contact and Collusive Behavior,"
RAND Journal of Economics, 21(1), 1-26.

8 Evans, W. N. and Kessides I. N. (1994). "Living by the Golden Rule : Multimarket Contact in
the U.S. Airline Industry," Quarterly Journal of Economics, 109(2), 341-366.

81 (iliberto, F. and Williams J. W. (2010). "Limited Access to Airport Facilities and Market Power
in the Airline Industry," Journal of Law and Economics, 53(3), 467-495.

82 Williams, J. W. (2012). "Capacity Investments, Exclusionary Behavior, and Welfare : A
Dynamic Model of Competition in the Airline Industry", Working Paper.
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B E1T R AN L EE EA RS B R TR & et
£ 11 5 P e 1 22 22 AL 2 A Y T s AT Y (B 8 Z ] Y 22 % (Werden and
Froeb, 1994%9 - 55— » CUAIEF&(EEME: (Price Rigidity) Fy 2Bl T FHIF
@ SR A FlE R E ATV ES 2R (Athey ~ Bagwell and
Sanchirico, 2004%) - {5 3 2 W (EAIGA A4S AT 3R T T35 el B R U
BT R EE R -

TEAEREMERRL AT (Structural Analysis) (853 {EF 2L Nevo (1998)%
Fo B BsE T — AT AR B R BT 2 5 TV & 1T R T B
28 (Conduct Parameters) il A HEETIE A o » A1 FIA [F] #O5 22 his o
M2 T R S ARG H T /28 WEB(GETHHHITT RS BORHAE 281
ETTh - BETRSEBAR T AFEEBEMESHERETHF > A
b geret TRz A EE DME RS Tl e B2 B i anAY&Sem o BEAh - TSR
SRR G ZE N S EREGE LEARANEENGE - ATARZE
RRANIZE A= FES M ZE A =R %2 A & fF - HaEREL Ciliberto and
Tamer (2009)*® HIBFFEAER—EL - BIFTIZE A SIHE FRUEFIE B M - F#
SRS TR EREESIEL T IEAF AT 2 HEE @ &
FINZ T R S R E AT a8 AN R B TR HY
TEIE R PR - RERAYRE R IS s (RS B0k - suEITE 1% #
6% o MURIF AR > Bl R IR B OSBRSS NE: » AR E—Ti5 T
ARSI (BN - i A G EVEE S > A mE
PEAE A INFT IS Ry & TE O G (E 5HE EARIEEEOR > Rl R E S

8 Werden, G. and Froeb L. (1994). "The Effects of Mergers in Differentiated Products
Industries : Logit Demand and Merger Policy," Journal of Law, Economics, & Organization,
10(2), 407-426.

8 Athey, S., Bagwell K., and Sanchirico C. (2004). "Collusion and Price Rigidity," Review of
Economic Studies, 71(2), 317-349.

8 Nevo, A. (1998). "Identification of the Oligopoly Solution Concept in a Differentiated
Product Industry," Economics Letters, 59(3), 391-395.

8 Ciliberto, F. and Tamer E. T. (2009). "Market Structure and Multiple Equilibria in the Airline
Industry," Econometrica, 77(6), 1791-1828.
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TSGR ACGER » BEETE 2% 2 5% MER S IE 2 15 R S Al
fegm S ERSR AN - FEHEATICAEL > AMZEAF BT SEE
1 o BRIELZS1 > F5 RS By Bertrand-Nash 5569 » G EEGEIRRA L L
A S BATRMERITT RIS Y 40% - TS FTREFEAEIRER - MERZ 1T RIEad o
AP FEIIE 2 TG R RIA AR R

(=) EEMZE TS E=RH4EE (Code-Share)

Ciliberto et al. (2019)®" {5 FISERRIMIZE SEAVIBHEE I BT 26 Th 50y

4 (Multimarket Contact) FIZEZfHIARSE (Code-share) 75 BIHE 47T Bl
s FIT PECHTHH 9 8 (A — B o fEE ALY Werden and Froeb (1994)% LR
Athey et al. (2004)%° FUEE:G > MEFTRIEE TN 550 > 4% Werden and
Froeb (1994) f2HiAYHEER - AEINVES G (Mergers) SR RE M i
T EEAS RS » BN E 2 MR 2 S Emas e 7TIaTT R B
B2 Bl A 2 YD - NSRRI E iR e TIHaT R
EIERAEAIRTZAE S E] 2 PRV EE L (EAS 22 SR ERZ )N 5 55 T AR4E Athey et al.
(2004) ARG - HELTHRETT RV SIRMRIE A ERCR - BB IR ERIE
[E] P AR A S B TR T T S Bl A R AV ETUE A -

FEERE T > (FETRA 1993 2 2016 FHIAIZE EEHEEEZRHE
%% (DBIB) » WisEE AL R R - DBIB 2 NTTIEH 10%

87 (iliberto, F., Watkins, E., and Williams, J. W. (2019). "Collusive Pricing Patterns in the US

Airline Industry," International Journal of Industrial Organization, 62, 136-157.

8 Werden, G. J., Froeb, L. M. (1994). "The Effects of Mergers in Differentiated Products

Industries : Logit Demand and Merger Policy," Journal of Law, Economics, & Organization, 10

(2), 407-426.

8 Athey, S., Bagwell, K., Sanchirico, C. (2004). "Collusion and Price Rigidity," Review of

Economic Studles 71 (2), 317-349.

%0 RHE5HL= (Code-sharing) JZAfZE &P —EH RAVCEHER a@HEZE SR M AT
[FERCEF—HERI T - RGN - AL EmENE A ZME T Eir ) &I - fFFk

FRECZ AT AR AT ZE A E A B AT ZE A SIS - MR B B4R - Bk

AT USSR AR BRI AR (E A TRATAD AT T VRS A 5] D5 8 - R e B i S e 2

G EaEE -
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FIERIEE A P AR MRV E - ERE R B RE N AR - (F &
(EF WIS A2 A FEsa E R ] (BIEERE) FERIRSHYTSEECkEE %
A EEAE - BIANZEEIRIZE (American Airline) FIZEZERMZZ (Delta Airline)
FEEARTS 200 {755 - RIS 35 B 2 B AT 22 A 26 T 5 A4S &y 200 {3
i o

TESB— BT - 15 R R — 22 A B e B AS 22 S 26 T
S AE RIS I = s e A TR ER oA - A S BB i - - -
B (ETEHIRLE AT - EE i R B A IR B ER— B2 A EIRY 2 T
S A A AR S 2 B S A ST 3 S (P ] 828 SR B [ 42 [
R RN RPRCR A R T RIER A - EEE4E R EBMME A FNZ 1S
LS T 7 SR S B 2 B B R TS = s L I
ik EEE SR - EEEE NERANSA R E - ARG RRE
T BA 2 T A ZE A B 2 I AT RV - W R AI L=
e ATRE RS 1T ROV ERE R ML T — By - HRZEEENAES (DOJ)
AT HATE N ZE A Bl o R H A = A Y R R B 58 EFF -

G DR - ASBHITAVERRA DU NSRS - 0 I B A SR AT
RV EFESURETTI A o H - BUA TP SO0 B R 2 iy P ERG TR
AR A 1T R E B - 1IN AU FERVER 2 ARk
FESE P ATER AL T — B A 280 - (R4 mILIER I & 1T R - B2t
S B B HS I = a% - 0 BT DAGE BB AR 5 BAT R BB RS HIRA (% -
(=) EFlryslEEsE

Chilet (2017)* DUEFIEY =K H$HERE Cruz verde ~ Fasa and Salcobrand
FyBIRRFE e R R N E AR GTT R - RIS Gat S &5

1 Chilet J. A. (2017). "Gradually Rebuilding a Relationship : The Emergence of Collusion in
Retail Pharmacies in Chile," working paper.
(https://sites.google.com/site/jorgealechilet/research.) (last viewed on date: 2022/11/27).
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929 » HF LA Cruz verde HYBIE Ryfe K - 2810 AE 2007 4= 8 H Cruz BL ' iz
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Multimarket Contact Intensity," Journal of International Money and Finance, 113, 102338.

50



T o ORI £ EROE Edwards (1955)122 2R 2 I 55
PR ER T RNEMZE AR BB G TR SRR
RS CMERAME 5 LR AT B 55 2 B0 S T RIS - AN ERFE
55 &S AR AT RE BB = 8 R HIEN T © ZA0fT Solomon (1970)123 = HiAt
WrE s IR % i R L IR S A B ARG 1T R AT RE - R AT RE R AR
HFZEE - bR T SRAT S (E TG TP Ay BB RV LA - SRTTERAARY 5
—(EFEE BN ERNER T SR ERE S g B R EsE Ay EE
RIEERR T A RO FTRITHY P e B E S B ) R T 7 %
SRR SR T8 > Rl BT AR T 73 SO B RRPATE & 5¢R 1T
5 2 EAERREAIEEDIL T - B AR W T A -
R EEEEI T o (FEE et T —(E#Hy 2 M s Es i - ik
8 T LA W (R - SR TAE S SBT3 F 3 TR L & A

SR THE > SO T A e B T HYSR IS (L & -

HR EEFE M 8 7RI E RS T T o8 T E gy iB G -
AT DUR A i e SR AR ARk o R Y BB BT 1 T 85 Stackelberg (YHZE-ERME)
— HHEWEEGRITH EERTHY RIS B LM S - 55— > £E
SR TTRIERR S T RBERAT BN T - HoAth SR T &A@ HR(E - 8%
SR TEr B R B GER T RITH I s S AR SR > g2 B
ERATEU NS > AR GERI TR S TR e - I - EEIRTT
(g e S+ LR HAE T35 TP RIMIAL - MR &RT T &2 1B S E 1 R
TTITE) -
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Mergers - The United States Beer Industry," American Economic Review, 111(10), 3123-3159.
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BN E AR L EIBERE PR A SlRHEATRRE 0 2.5 {8 - B (R R RE S A7
RER A ORI A B Z ISR IR > BSOS B Bl AE e
TRIH

(BRI R B3 E T & S G BRI i A A 2
TIATEE R BN AE I & AL 2 il AR B R o =R M B BT T B2 A
Bt - EHHEE Ry TR AR e o (BB ER T E TS S
AIRER] » AU I E 1T et T RETEL - 56— (P& —IRER
S Y R RS o B (E AR 1 R 2 R B Y - ORI Motta (2004)1%* -
Levenstein and Suslow (2006)"* HYEIE—% - SRR EEARENEE  H5)
A RBEEEEIR e S ESe FoKAELL b - SEANEE - ey DR 2 B iR

13 NG e Y B AR R T EAEAE R (15 (out-of-network providers) » Ty HT4S RETRHE Sl &
P T Rk A BB A e Y B AR IRV A E) -

138 Motta, M. (2004). Competition Policy : Theory and Practice, Cambridge, UK : Cambridge
University Press.

135 Levenstein, M.C. and Suslow, V.Y. (2006). "What Determines Cartel Success?" Journal of
Economic Literature, 44, pp. 43-95.
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b A EIRE I EEEY  INELTAER B o A - 55— WFeaE R B & 1T
RSUIRARERETT RVER > FMEARFEEREREEEEER LA
FAEERBETTR - MR EEETE - B R REBAENIEATR -

% » BI{ERASERIVARTTE Harrington (2016)° YR - R
A U EOE R E R A 2= B b Y E R T & 1T Ry (B4 oy
UK IRFIR (AR KERAARO sE a5 FE - (FEAER
N R (RS JER4R (B0 T Harrington fEEGm b FEMNEEASHEE  IASCECsk 17
B R N FIBCHIRIBERETHY 1 A SN 8T (Outside Options) J&
B > W ARSI E RS0 TSRy o TR AR Y E)
RRAEARATE B A TE TIN5 ] -

13 Harrington, J.E. (2016). "Heterogeneous Firms Can Always Collude on a Minimum Price,"
Economics Letters, 138, pp. 46—49.
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B=H ERAB ST RARRAABRES]

DU feesR ERBR U 1T R A BHHY = (B ZE B > H b ARG 1T R il
R ELFR AR ERHE FE ~ SHEEAREEE B 3P T1T -

— ~ Zfl— : U.S. V. Airline Tariff Publishing Company, Et A%
(—) &l - AFAERHEE
1992 £ 12 H » HEEVERHEIN /UK A =R T At hAN e -
TEHE(FHEF T Airline Tariff Publishing = 1992 4£ 12 H 21 H » BFFER T —1%
FEATE - FEIE/\ K EEVE T2 A FIA] Airline Tariff Publishing Company
(ATP) #F7 T Section One of the Sherman Act, 15 U.S.C. § 1.1 - #ESfFESE—
RIS FEE m o (8 ~ BUMIT I E a5 E S E R A E (A -
ETEIETEE - i Em T A ATP iV E RIS ICZRE e » BT
Ry WA A8 SR 5 AR S st - T SR (E b - W DA —(E S E 5y
SHE AR T 5 SEE 05k -

SRR IR - S AR AN - 4558 © B0 ATP FiE A

&t o BB e i 10 R R R IR E B LAVRE ST - BUTER
Fy > HVELSSR » HEA RIEES TSI ER -

AN R ER I WS AT E T HAH 2 ek - 25 (R AR A B Ry
SESENVEER - Eeimefy R mEiInE RS S -

BETABE IR R B AL IERTZE A R SR ERVRE 4G ATP (1R 2850

137 https://www.justice.gov/atr/final-judgment-us-v-airline-tariff-publishing-company-et-al CE
B 8 It B (B 1 I H 3+ 2022/11/27).
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e E AN L - EiisENZE A SR S - AR =S A
BT A F Z IRV E » EREEfTZE N A A R SRR e sie &
SHE - DU ZERRIF R SEERE AL DR SR B RO MY HAT SR AR

— ~ Zf|= : American Tobacco Co. v. United States 328 U.S. 781, 809-10
(1946)'38

(—) H%dl - B LR

LA E] (American)- Liggett and Myers (54 A (Liggett) IR,
Reynolds J81%i/4 5] (Reynolds) (1% 5 F A8 A AFBAE/A 51) SERIEH &
B L FE R AT /D 68% » ELATREMERI 75% « JELk XN
TR 7750 B0 « LU ERG 1 bR |, e - S mi
PR B RIS S T R - & ELoP— 52 E M A A S L
Bt - B R el B RS DU -1 1931 47 W REBER A ] 1905
SR LU 24T » (2 FERA AL R - Reynolds AERE T ELIZ
AR « [Fl—F > American and Liggett 155 ST B BN
HET 2L Reynolds fRIF » HPNFSEHIRLAIEHE » (5% E 28 fr 9%
A B HE S A Eh - W WP BT AR I (B @) 1)
BT - BN A e 5 S (B A TSR -
EEREERIRA « SRBEATHE T EER CHESE) B 2 FIE
TRATETEASE -

BUNFRHITREIEHE T  # American - Liggett and Myers /A5
R.J. Reynolds f5i/A 51 Rl 5B T RBH AN AR - 16T MY
RS EE 5 2 - BB B AR St — (A G B & T By DU

138 https://www.quimbee.com/cases/american-tobacco-co-v-united-states
https://caselaw.findlaw.com/court/us-supreme-court/328/781.html (last visited on date:
2022/11/27)

61


https://www.quimbee.com/cases/american-tobacco-co-v-united-states
https://caselaw.findlaw.com/court/us-supreme-court/328/781.html

TEMPERIBI A SR EAS A0S - BES R S ARIRE > AEELTS T
VLT —{ERE PR A 2R > DARG (B A S T A e - HIA
RN > s E R R AR A o SR (B RS R L B o SRR 5 o
HYA B -

TR G 2052 5 2 RAVAUE - FEH ARV T #iE #3833k
FEIT AR - N0 R TR GERTERERHIRE ORI E - AIREE R AP AT HY (i
FEAZ) AL - Krg M990 A= - R > RAREREZEEE 2 1%
MR - FFHARGERHIDA bR A 5 EARRGEABE R HIR R -

=~ ZE#J= : Brooke Group Ltd. v. Brown and Williamson Tobacco Corp.,
509 U.S. 209 (1993)

(—) & - B8MHTT R
LG R SR FAESE T PAEARAF FE - BEAEITWE
/\H] Liggett f1 Brown and Williamson 1980 4F » Liggett B2&—cHrHy 5 iH
TN (LR FEIEAK 30% » Brown and Williamson DU S e By R g
AT > 27 1984 F - FJEHF AL 4% » B & 15
{08 NI > Ry [E]T 5% Brown and Willamson ffiifE82E Liggett HU{ERSEK -
{B{EF& L AZ4% DL Brown and Williamson 575 HH €8 493 EELF LB T 2545 -

Liggett {2¢5/F Brown and Williamson 454t 2% i 8 & B[4 /& — 2 RIHUE
#[7 § 2(a) of the Clayton Act » Liggett BEfE[RIFIZH B EE(E (Predatory
Pricing) ZT&AY—#047 » Brown and Williamson DU{E A Al A B & A% 28 30 (i
Liggett $& =5 @A EHYER - {5 Brown and Williamson 1T fn R EE _EHY
ey IV

JEREEd Ry Brown and Williamson VT R @ A ¥isi R iapdEE - Rhi%
FIEEFRSEANY REGH NG - H A EBER 1 SORGFIRHIER 2
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AR o _EIREABT R R RR - 5 R R 2 ) B P
11T B A FEHE{K(E (Predatory Pricing Setting) IRIZHEAIEE - 2L A
Ligget BRI A EERVEEEN A £ 588 Brown and Williamson &Y 175

Wi IR
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FUE HEAE BRI

B RUAE (BRI &1 T R MHRBRRY SRR AT LUIH 7> B3 © 55— 302
RS T AU E R A E E A R A S 1T Ry S R E R
fat 7 A E R E B R EN S ER GABETT RS ILHTE
o) TR - IS WA A T Refii 7T © FRAMT R DARHELEY 7R 1 R e Y
WE s EAERVIEIRECE T EEVAEE T ERS G AIEAE - &S
ST AR DAt s B VR E RS - T R AN ARG A E DL - ER
B EETE(L o WaP i E R SCRI A RE g - B T2
AHFEFT AR AV iRERAR > DU TN e IR O T RS RT3 7% - 1&ER
HHSE — TR PRV EBET % -

P81 HEEEAEEREBERLSUR

HEZRATHFEY R B 2 - (B AT R VB R RER H S R BUEE
EEEMENES M RIR D » A FREHEAE =R > 755 Assad et al.
(2020) > Musloff (2022) Ei Wieting and Sapi (2022) -

Assad et al. (2020) FRAESREUE R ERNZEHTHEE
FfEEN R E R REENDHEE G ER AR NI 0l R B
P (S BN E(EI T /A28 (e (1) —RAERSELrRE
(2) EREEEAVPIIIRRE ~ DUk (3) [HIFES T-HYEAELATRRAVETR) -
HFEC# Quasi Likelihood Ratio (QLR) J57A4 » fE&EREIEE HHEIARAAIFRAF T
HEFTEEMMEMIE (Structural Break) ZREBINIHMISE S ERABEETE (FHRBHEK

9 ERERGEHIIER » (R FHZE SR R AIER - 1401 2% R Bol.com 5 Amazon.com
HTREL > ARSI 5001 - A A R (S B T » 1
B BRI BIAS - FER T TR AL B4 - T DAREBFIOAL -
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f2) EMH o AR —(ENUHEMAE R E VIR > £ =R T R asi 2 /0
AW IESE A T A - AR ZIIDHE R R s EAE B E - 488
Mk - (F&E3RETA 30% DmubHERER A SEIESERER RN A
PRECERRE EHIHREE -

FR IHE R SRR E R A BB AR E - INEEIFE DL A A8 a2
PR N T SR AR R R DRI bR AT e Sl A PR A i 1 5 e B
aflon B oy THSES - K THEE R > 83 Er S LB 5 TR
RUEHIEIVER - (F& 3830 - PSS - BBET SR ERE LA B
FEIREEET T AR A DU SRR A HADERREE S 9% - 405 Rk
SRR Y > HAURIR A IR PR AUEEUAEE - B —(E s
PRAEEUAEE - RITTSHY AR A SO0 - AR (R A R A
EAE - AIAPER G0 28% - 1 B SR T BE L Z 6 1 55 B 5 U R
(Coordination Effect) AY{LE{455—%2 (ff40 Clark and Houde 2013, 2014;
Byrne and de Roos 2019) -

Musloff (2022) £k 1Al Amazon.com 2 =778 RIekARBHIE T E
{B/E] (Repricer) = AHEUEEBLE (EAL AN R Bl » SRBAEBUEBIN ERS 5T
HIRZ4EE © Amazon 11558 i dnb B AN 7 U R B B M s S A [E] — P i
L P P (T R 51 AR BEAR AT RE B AE (Buybox) - i oAt g iy
R HIE RS 25 RN H AR E A E S HE T - MR EEIHE
A FHIME - Buybox HYSHEEH S [EF PG LLAT 2 83% » HAR4ER i
EAVER ZERMIINEEERNREERNE - NEZER (BHEKEHR
FHIHY Amazon ZERE) EiSHEMEER LIRS Buybox o FEELFRIF T @ %
EHERE > [ MR S (RS FERZ & 40 Bertrand-Nash Z5 TGS ZZ &
B AV E PR AR o ZAMEZ B Amazon pHan™ Markup Y iz 82
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18.62% » H KN y s ufY Markup 72572140  (E & R0RE 77 2 Fir AR &
%% Bertrand-Nash A3 - EAREE R - T 22N A RS E I LIFETS
SMERAEIFTR LR E R A B s FE R U AR EAVER EME (Reprice)
A ERAE RN TEE | (Resetting) SEHS » 455 Amazon HAMEE
RIS E IR MR E) T BB (Ei - RHESTR S - W E R — iR B %
{8 - Atk - ST S BAE A RO e (s FHE = (S - B Ay EAS S
& 241 Maskin and Tirole (1988) F#2t » fEBREE EHE AL P 1E R
Markov-Perfect MJT{F{FY Edgeworth {Ei - (HIELL - RATMEERER -

W B E R EIF ST R FER VAR - BIFRNESIBETT ROVE R - (F
FalFy  REBUTHYE BRI IREN S - IEIRAVIR R G IR - H s
(EASAE AR AT RE & RIS S A0 -

Wieting and Sapi (2022) £ F fe] i A1 b A1 B e KHY 4R EEE T 5
Bol.com 1 2,800 ZAEEAIEEMLERI(E H R ESMENR - SRR RHIEEEL
HERMAG LEE VG LERBGTT AIVES] » BUERDAE MR nE i HE
(AR - Bol.com fEA&Z ~ TIAE ~ AEANNISE =T ¥ E (HIRAGHY A5 %
JiH &ML Amazon.com FEFE AL o B2 Amazon.com #H[E] > Bol.com fEHS}
darE LA T AT T REEAE ) (Buybox) HYEZEMEE > LUK
M AR A BEER T LM B 2 ) AV EH - tb5h > [FY Amazon.com - £
Bol.com HHHUfS " WEEHE | HYE 50 ] UG EIR B #Y RS an g S LR -
DRIIEE R e B R 7 IR BR P R A T B FR R A A FH A IR R AE - (R
SEPRAE Boleom HYRLEIREIN - (FAEERT S SR BIRRE UL E EH e e (it
B HEAYE o B G IR A PR S (E AR A e Y R -

0 Amazon FihY markup > 2 H Musloff (2022) AR = HAYMEE 3 - X i
SRR T EmAVIH B ERS p - RSCBUH B BIESBVE R { LU E RS AR
A ¢ o Al markup FEFESR [p/(c+Dl=p - HELZ T > IIEAGTEFAHVEIRBERE] > fa]
RESLEEEIRE MRS - LRIV TE R R A G RSB IR A AR - 5RR
AL BRI TIBRE T - SSAMGRERHRE N AARINVER, > JIRe il B IR R AR e
FIRERAEHE -

66



M EE LA T IR E S0 S R HERDA E R - NIb2%
THEL Chenetal. (2016)** BIJ7=0 » P (1) TE—ERVHAR PILCE E (BRI
BLLR (2) ERAVEREILEAER (IR EER - 5 ERS
Bol.com HY{EHE ~ (L5 FE FAVER) MRBIRMEREER D EE R E S
PRAVERIREE (HESEEERMSE A RS AR ER
GRS ETHIGER) - e P PR R A E E R F AR ERAE
FA AR K st (1) L TR (Z3C82 Jitter Up and
Down) - (2) Z&FHMEGRRE (3% 0.2 Ry K AT, Rockets and Feathers) > (3)
EITMZENE (3% 082 Ry BKATGEH, Balloons and Rocks) » (4) WA BEED
(7% 38 2 Ry (A% 203, Alternating Price) B2 (5) PEARBRER (%% 0HE 2

Random Jumps) °

EEREEMATREE () RAEE AR E R PR TS
SR EAEAYER > IR S AR (ERE - Q) e TR —20 HE
EEEB I TR R EE M A W EE R FEEAE A
FRENG H i DA P ERENE R > JIRAHELERERNE - 3) HEE
B XA T RER{T#E A BuyBox (S » St (3R # T RS EAEE A
R RAER - (4) TER P EHSER T EEEAEREIEEF - [F(K
FEEERYERS - FrLUBEBUABE A AT RE G AR - (5) EEBEUATDIRET
BRI G E R (R 20T 4R RE S 4 40,000 ff) 2 i {EE
IR AR R EE T 0 RIS T 7 EE Rt %
TR A > 1T E B EAVAREERES (Agent) RIFTREREIF S /E 2 TH A
EAS o EHMEE SIS A R h S BUE B E BN & RS (ER - (E
EHeR R E R BUR H E B AR e % R (E B B I & T R BB AR FE VS
FECR B ffr -

141 Chen, L., Mislove, A., and Wilson, C. (2016). "An Empirical Analysis of Algorithmic Pricing
on Amazon Marketplace," Proceedings of the 25th International Conference on World Wide Web,
1339-1349.

67



(s =R EEAMHBRERIETFE - TS - (1) R EEmTSE
BEAZ > B SRER MR ERTEEAEE  fEARE
s E B R P & 1T B2 &R - EAEEB L > RER TSP REE
LENAN AR MR T SR (2) EEAEER it ER
A FTRERF(E - {HE Maskin and Tirole (1988) FESTE B & 1T BAI(E
e AR > HINEERCR - (025 [ER 0 i E R A
AR DAL - e e B A E (B B Y BUR 2225 15 TR A SR B I
GAT R E bR E H IR -

o 8

\

BE WEEVAEEAMER A

DUTBLHEBEDE EE A RN 7 A F 4% H Calvano et al. (2020) ,
Sanchez-Cartas and Katsamakas (2022a) Ei Hettich (2021) - J5 A8 55k £
b7 7% (Particle Swarm Optimization, PSO) EiE H Ay Q EH L (Q-
Learning)- [LAN Bt Q B2E A AT NCAZRE Q 524 (Deep Q-Learning)-

— T EREE

K FEER A (Particle Swarm Optimization, PSO) ‘&H Kennedy and
Eberhart (1995) $2HHVE FRCARERE « s EEA AR R — Bl T1E %
TR ZE MR E) - R R 22 ) A —EEEERES - H1E
ZE RIRE BhAY 7 [F) LR & 7 FRZ AT H B2 S T RE S B A2 S ARG
B MRS [ B O S R S RS i RV BB - (0 RS Kot
T4 PR ERE AT DI BT TTEERERFRLE PSO HYEFES - 1M
FERENTRA T BIL MR AR E e - &SRS A —HE
HEILER - B T ILZIFRERITIT AR - g 25  BAnEiZ S
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K EI R B AR B D ETRT - TSI S PR EIRE - 2
IR T th & 2SI B RS - 4B A R,
TR R BRI » EEIHIE e - DR -
AU LR S RRE(S B SOH S I P R A i ML B
SR - TR AT A B 4 A S LA e TR e
S » 2RI AEEEREE (Inertia Weight, UT DL W {R38) LUzl
SpBEEs (Exploitation, 3t AFIEIIEZ) FIHER (Exploration, 3k
RREEEEE) OB -

DUBEREN RS B R B » 2 K (BN R AR T i = 1, .
K B i [BRT - 25 Vi, (AR 1 ] ¢ ST 0 AR R
(S o33 LI, Evolutionary Velocity) » Py RKIT- i B9ERE - PL_, Fy
BT @ —BE] ] WIRT | TR R R (RS E)
RS, RERESIL—PBMAE] ] WHESORERIEMES (L5 p FrEmes
BEEGEE . [ g FoR (B S RS B Vi, B1 P, (955 HIE

A

Vie =WVieoq + Lug(Ph_) — Piey) + Luy(BL, — Pipy) (1)
Py =P 1+ Vi, (2)

He o 20 () F9EE=HB ARG pIREREREE N - hERSE
GRS 2 BEE2Y [, B [, gEfEk T | MECHE R
(EEE PY_ BIRERENRESCRRERL PY, ST M wy B u, HUBATHY [0,1]
HIBETEIE - thoh - EEMREE W HORRIFE SR R i - Arse K &
=k MRS T EBA S E R A e MO & W B NI R R ik
g IEEFRL G e E AR - RS ER R B AE -

E S BRI Z B S » (HEB 1R R S B PR R - AR T ZUR I 11
PRI

W, =c(1—Wy)t
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Hef Wo By Nt 1 AVIES ¢ BB - Sothnl SR ASR M IRIFOG = - it
Hh o EEE—FRIGH TEE Y B SRR S EH 2 E E R HTEE.
AR DGRERE 28 | IRRERE [ MR - it i R R el e
FIDARFREEBUEIRBE— R Vinin, Vnax] > 35 Vie /DR (EORFY) IE—
] > FIEL Vinin (Vimax) S

HEEUANRIERAZAT - 2PER (A) BERHHE K (E{ER - fRsG S
mhLT s 2PER (B) (REEEC (1) B350 (2) o3l S e a1 AR S
RIS Plpt 81 pY - MEATIAM > ST G R R SO T S R - e

—PEELHETT » PER (C) EBRREBEEARE - SRR e f FEE R e

SR NI RERERE - AHCEERY PP (EF Rl LIRVE - 2 HI4E4T
HEITHER (B) - ATTARTHNZEA S BISHESNIRE - iRl BERE
HyN -

—-Q BE%

O SEEENR(LAEE (Reinforcement Learning) #Y—7d - 2 LIIRE
[ClE&T R RS RIE R (S MI4ERE - SRE R (FUH) SRugny
RSB E A - BHREGRE S ={s1, s2,...,5m} AR EBEETRAVITES
A={ayay...,an} WA WS « EARTHENTE of fEERER
B8k st THYRRIN A nt = R(s', a") » HEEAEBEMRE st =5 €
S o Q BEENEHIERRRE s; . i=1, ... m, THRAUTE) a;, j=1 ..n,
AMEME Q(sia)) BHRHIAR » DIRSIR BT RSN - B (EZ2EERANH
Fi € 72 (Bellman Equation) F7&atizkey > REIREHIE] (Dynamic
Programming) ZEFFE LAY ERAF o H T ZHVERE B AR TR (E
B :
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Q(Si'aj)new = Q(Si'aj)old + u(R(sy a;)
+ vy (maxaeA Q(sl-j, a) — Q(si, aj)old)

=(1 _V)Q(Si'aj)old + u(R(spa) + v (maxaEA Q(si, a)) 3)

Hr > pe[0,1] BELER (Learning Rate) » AT HZ R EL 14 45
WORBE T 2 (EE (s €S, (1 (suq)) TRAETAEMREE) EE -y
[0,1] $7EIR T (Discount Factor) » /MR ZHAR B (448 AR AHIHH -
T B R -

SHEDEHRIERIZA T « B (A) WAL A7 1y SLEEiER
B R WHHEEE Q (B mxn) ¥4A{EE 0 #9 mxn 4 - HEE (B)
BEHCHIEUREE s, 0 FER (O) BEEGZIREE THU/TE a5 B (D) B
R(siaj) 81 s; €S - A4 A FEBEER Q B Q(sy, a) EEANTT
g FIFE (3) T8 Q 4EkE < 2BEE (B) s sy EHRCEBET GRS
EOHBEN sy IRERETEER (O ~(D) JKHEH Q Ak » HEC LM
VERK o SR (F) SERIGERER » RIEIEEE (B) FEMHEAURES - Hd
WHBE (B) | (E) R#afE 5 —(EE 4 (Episode) » %7 AR #ETH EEE
HE Q HHMHIAY -

B SRR AR — 5 i SOl - S0 LA A - e
TR S S TR R BB T BN & (R TIPSR AT B » I
ATRFIFERINE A (Greed Model of Exploration) » HI3HE#88 (D) 2
3 (3) PABREE sy THIRERIE maxee, Qlsy,a) FHL 1-e HIt%
SRERFD - 4R FRIBEDE TR MO 7% » B € MBERRR AR
B sy TREMERIUTE ay, PSR Q(sy.ay,) *A6m (syay,) EEES
BE (D) MEEEITIAMNS R - L AT R R R T

Coe

e=e Pt
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Het B F— R8> Z{EMARF IR TEIH S I G Rl a2
BV - BEPR Q BREVAFTREHI 2B E S > (HE AL - g
Wt « BUEHES TR AT RERTTE) (EAET SRR T REBHETE)
ELIRRE - STEIVEEEITRE - AAREE R E R HYAEE M (Dimensionality
Problem)* ; 1fj H AR AEPAEI T - E1TEIEGIRRE R MBI - "JaE s
L -

= FE Q BFA

Y Q EREVARVALAGIEL - LU ERREAITT AV EEEE 20 > Q 4B
bt e 2 HEA - A ERREY Q FEMUZEELIEEERY - DeepMind 24 F] 2
2015 FHRREGFREZEMEB(EEERFRE Q B2H L (Deep Q-
Learning) - F| 2R EEAHEEAE RS (Deep Neural Network) A Bl H A A
Hy Q ZERH - AIELMEIE - ARREAI{TEN AT UL -

RN AT AERES TSR AT (Neuron) HESRAHRL - FEBA A R LLR B
H e RSB RS TS (Hidden Layer) ZEGEEEE - T EISHE
R (BT o T AR R oW T x+b) o x B AR -
M W Rt (Weight) ~ b BRHEE (Bias) » Hi8 & MR 4BRS B
(S8 o FHUEREL (Activation Function) » 7 —(EIR4 MEARBL 2
o - BT A S (E4B4EAEL (Loss Function) 25 (L
S T R L B PRS2 - BB e SR R U [ B s B0
(Backpropagation) LAEEHF8Y » B R ML AR H ) -

TS A RS AT s BB R8s SR U7 7 R A DU T Wt

142 Schmidhuber, J. (2000). "Evolutionary Computation versus Reinforcement Learning,”
Proceedings of the 26th Annual Conference of the IEEE Industrial Electronics Society. IECON
2000. 2000 IEEE International Conference on Industrial Electronics, Control and
Instrumentation. 21st Century Technologies, Nagoya, Japan, 4, 2992-2997.
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(—) Policy Based :

TEAERY T RS ) TR R EET AR AL RS - DR Rl AL - Bt R 2%
(BT TBIETERER > T BEHUR AR TR Ry Sl > 5t MU (R Ry 8- LA
I R PR ST H BRA R SRE R i DA - I H S e SR Y T A
AANEE R -

(=) Value Based :

BEHEEE Q ENJE  MITAN T AFRIRREABIE » St Kbk
REAIEDTERTIERAY Q fE > AL AR HARRIIE A I 2R (e S s EL R
L Q 4Bk -

PR 1 DA IR 1 SR 5 EER R R ARG T LIS - R Q B2
SR B R T RYIETI R E BB

1. MIFEaEERR (Experience Replay) JRa/llSkafE+ -

ek (s al 2l sty fEstiEmet RIS AR > HR
( FATERF R BRIk > 255 (S Sl s e B AT R
(RS T BRI RERE (4 o Lt R FSEESI L ok - R EokHt
LTS -
2. EEE 48 (Target Network) I {RA4(E -

tElEiEoRldr) Q {E{#F Temporal Difference (TD) &4k » H &

Q(st, at) = nt + y(max Q(stﬂ, a)), a€A

R TEREAEN Q (EEhRH E S R AR A R &S
B BRI B A B e, Q [EEPEITREE L RIT
R )| 0 5 VB (R B 554845 (Evaluation Network) » LUR %5884
HERE I N B 4845 (Target Network) » 3Ifi3% B fE4B4% 4B — ELHARS
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P E e R A8 15 S B 2R (e A S e BB (R A TR

F=0 FIRERRETEERIHEBUR

UM s A E BV E RIS U5 WE TR IEkHOR - EE
7 WERROEBMEE (FR)) #EITOM - B PRI DIESRATFATRRVE R
B RS Eort » HEDA ESPRA Q-Learning - (it FIVEE 2P
B4y Cournot =X Bertrand HY3¢F4HiREE o s Al 1 B Bl £/ FUAAVIE
H -~ EEANGE ~ R RN R SR R RUA R R R SRR
I

* 4- 1 ERAEENE BRSOy RE

IR () S s WRGE |
T P B P B T LR
T A,
Brown and McKay |m e | R FEREYHE A
e EE TR RIERE Bertrand LN rar ar o p
(2021) B | B TR
[mym} %‘
HEDAFA TS
Calvano et al. ity O-Learnin Simultaneou B4R T &
(2021) et 9 |sCournot |BHaEEEEATT
Werner (2022) SR Q-Learning Bertrand B kY E =

i W pne o o
GRS
s O-Learnin Sequential |EEDAZGREE
¥ 9 |Bertrand  |@BEETTH

R IEEEHER AR
Q-Learning Bertrand  [EEVEAH TG
FHIE

Klein (2022)

Asker, Fershtman, |{H#EEE
and Pakes (2022) |}
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Meylahn and den  |fEfE& O-Learning Bertrand/#& E’?E’giig?\
Boer (2022). B ) S SAPA | Fan IR
(2022 " = S R R

Q-Learning ~ FEEER
Particle Swarm RUEE G
Sanchez and R Optimization BRI
Katsamakas Jrjr = lalgorithms Bertrand  |DANEFEE{FEH
(2022b) ’ (PSO) DLK: MHE A EEE
Price-matching SRS FR AR
algorithms 4 FLEE A o

PURSTAlsER 4-1 Fr8lmam KM IO = A

— ~ Brown and McKay (2021)

Brown and McKay (2021)"* F oS E (EERAE4R E B ERGIETS
wisp DHVREE - B MPSEVEET TR (FERE T =MEEN - (DMEEE
SRR EL RS - HERZEMAE T ERIVER EARAHZR - ST
AT PRI P EIRF TR a2 - QA R EERT EFTEREE)
Ay R I DUPRERSTNS (TR (R) Ay TERE bt e -
S B EhE (BE RUARVER AT - Q)R EPUE ERITHIZ g Al LA
Rl EAHE Ay B - DLW 2SR T e IS EUARRRS - MIF& R
et (H/EFUAE ERKEE « [ERdER (FFEZEEHEEHEEERETE
REERS) HIs2E -

TEBUCEE TR g EEERRIER TS (FEELN) 1IE
INRHERS BRI T T o BT ER LA BERIE R T BN AL ERA RS
FYEERE -

143 Brown, Z.Y., and MacKay, A. (2021). "Competition in Pricing Algorithms," National Bureau
of Economic Research, No. w28860.
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B B4l 3 FEfESE - fFE PR Bertrand 5iFRAY - ARSI HERTE [
oA BERH PR T ER o DLBER FREREAE M (TFE R
SR IR ERE) - I8 LeR i o] DA FIRSRRACE W (EA - Bk
REER j TLME =0 I Z&AVEHERINE (%) T8 ER - KEErs
JHEBSERSEUL Ry yi=1/Tj=0y*0) Frft 60, {USR%Z B T (E MY
BRERR - T oy ARFRE BRI B BT EFSHPRR -y (EHE RS &R > 7] D
SR H(ERS - FREEREHYEER Al gE BUA R B F 1 T E R
AYRE > B pi=0; (D-je, x) - Eof Py RRETERE AR E TAUER
x AURBIRE ARV B (DI BT K E ) - B8 T bt > fF
BIEERIMTFR s o) (D-je) °

Et=00F  BEREEREIIRIEH (o, 0o (1) 2HEE > HF po BAEEH
TE BRI HEE HERE - EERaERRRE 6 HEE - HINGEE r €/0,
1/6;, 20, ..} » ZERE jIRGE (i, 01 () o FRRGIEHGERFRE N A4E—(EIE
BHVHBEEEE m () TEFRIER (1584 - BRI Lo BREOHBEE Y
AEREE] B ERRER » NIRRT K2R - 45 E TR KAIE
1 (pn p2) WIIESLTY » ZERG jHVEIRFFE R -

W (p1, p2) *m (1) -

TEF MR Bl ey = FEE e DA SCE BV ARV RHE > n] LA =R E
{ER T AR /KA (AR 22 B LAY 2 H A hl B A EHfEE2E (Asymmetric
Frequency) > K ¥t i /K %  (Asymmetric Commitment) Ei ¥f ff K &
(Symmetric Commitment) -

AR« BEIGHE KSR (EEAREHFE FERNEREC—
B ER) B EREAENEN - EEEER T SR

M SRR AR MRPEHVE R - B R ABHIE B AT B B E A i E (RO EREE
JEE RIS AL R S R E (EIT Ry - FTDH DTS S -
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SEHEE AT ERTEE (1=0, 1 2=62)

AT B — IR RGBS Hfh e —REEERAE
BUAEMENRr > WARFEREREZH FNERKRE S ENE CVESE
(y1=0:=1 F1 y2>6>) °

FfERGE | U H B A ERGEIIE D MR Z B HEAYEE
el (F(RRIEFHREINZE (v~ 0)) - R R 152 6 o] DR R ]
PURGEES - @I 1% v I 5 CHYER -

SCBHE BT » 1 ST R T > S0 S (R (R
bR BT R R EGR » ELESETAS % Bertrand 51 Stackelberg
STUFIELASTEN 5 40T 2 A 2 LT USRS LT (1A
BRI - IRIS % SRR AT - 2o - S
F SRR  EIREARE T » 55— B ST LR
PESCTE [ERCIHTHR » B8 Bertrand $9FRILL » M2 HE80 th @ S G (A
L5 Z o DRSS — SRR BRI A (L AFIR 5 {ERST
Hati T MR Z SRR - IMRTEE IR T
% 25 5 AL AL Bertrand 14538 SR (RS -

G 1 SR A T B DA G [ R Bertrand
WP - HREEIER AT R TR & 1T HIVESR - RELL
IS L BORAIE R IR T SR P T SR L
FEAIRE ] - IHES1 » VSRR SR (R L7 27 2 F et e
BT LR -

.~ Calvano et al. (2021)

Calvano et al. (2021)" FIEHFFE53HT Q-Learning j5 BLAF 4L IE SHF

145 Calvano, E., Calzolari, G., Denicolo, V., and Pastorello, S. (2021). "Algorithmic Collusion
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[EEY5EEE2E T » A FJLAE Greenand Porter (1984)'° Fir TR 58 &8
M| (Imperfect Monitoring) ™7 [/JEEES s E2-€715-&7 1 - Green and Porter (1984)
TEHG SR TERE /A T2 RN T EE A EEE RSN EE)
o AR #ETT Cournot 35 - -5 RE T K AT AE S RETRSEE) - 1M Mans H AEBI S
S5 FHVER - TR KA ARERN: - BB " FHES -
R R R e Z B o BEETT RAVARRE MEE MR Y T (EAREK (Price
Wars) | HYARSZFEARLERT - IR Bes & B R s & 17 R B A AR 2
BRERRE N I AR P M TR 8 SRR ST RIVADEEE R (/)
TMEFSERIFDERS - Al 02) AsARIREESE ST Rtk - K T4
ST RVRRE M — AR & 1T By N AVAIE SR i HEET MR B Cournot 35
HEFER - T E (EASEREE AN (TR R R A B EH R TR ERS R 5
TEMFIEECE B IFR K22 & ERE) - ANRFEEE - EREEN g KA
g e T g RIS TT A THIER -

By T b - AWFSE S ArA s B 8 1) Q-Learning JHELE - i51E
AR E A BN LR R » RS A 58 EE A A RS BUR - (EEE RS
TR S EUEES AT LA — (B Y BB (Experiment) » £ H FATLL
R e R A TR S R - TR B U o FH B ARy 7 =k R SR Y AR B
PIHaMERS (Action) BAFMEHIERRE (State) - FrDUKMRAHERE 2 FEtHY -
Ko TV BANREE M » MR B B B o 5 1,000 A2 A HCI9(E - HAE
1,000 X HUEBLER SR E S FRENES - BREEENTT RETTRE
P R il YEERREE TRy T ARPRSRES (Limit Strategy) | ©

TEBSEI > EACERNEERE o (FEEARE R TEE - HE
EEFHREREEEIEFE TER - WEEEENEREMRFE

with Imperfect Monitoring," International Journal of Industrial Organization, 79, 102712.
146 Green, E.J., Porter, R.H., (1984). “Noncooperative Collusion under Imperfect Price
Information,” Econometrica, 52 (1), 87-100.
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(- EEERNIFGIEH (Non-cooperative) 7KAERF - 1B KR ER AN
O FHERLIA AT Re 2 AR K AR A AR HUR R - 2RI E IR R SRR 1
Bt FEwd RE R A M EIR AN« —  EEAEE BN AR TS PR % -
BRI FEE IR R (E B AR » (ERE A AR E R A LA iR
Rl S TEBUA S BNIEBRE PR T IR IR EEAYIEN
FEFER A2 ST (e (E A B IS HER SN (£ RIPICE A& 15 A
B e fFEfat AR RN A REFAC A2 g0 RS R
sRIVIT Ry A RURF AR ERR G 1T RHYHTRE -

RULR T MR AR SRS TR - (FERTERS B SRR
U FLERER R AR B P T RABTR IR - G (5
AT IR (T R BOLE G TR B SR SA0E 5
W A SRR E AT - BN - R TR LA T
RS R - B T A AR T Rl (T B R
P BRI R R G TE R A T (R ST R R
& RIER G T AR A AR R -

BT SR S RN & (T RIS - (FE AR R
S I 55 S B S T (L 2 PR T A b L
B AR 4-2 (UGS - PO AT e B AR B R E A
B 5T B EERT BRI Cournot MERFRILRATRITEE » 455
BRI & T 78 Cournot MMM MO R 2 - I8 & FTV ARAILL
s+ FREE— TR (LRI  Erire LA e B I B
ToRIELSE FHORIES ™ SBER VN & 7T B AR n€ % Counot M9
THIFLE -
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R 42 A EERANTE

WHEEIEE K RN
SeEAYEL 84.16% 79.72%
SEEYEL 89.60% 76.25%

5 AFEHUH Calvan et al. (2021) HY Table 2 o

RIPER > AEE S RN BT KRREE B T - AR 84.16% > HHER
oS RN HEEHARKIEI (79.72%) - FIERGE T 4.4 EE R - 2
B bl » TTLUEED, DID (difference-in-differences) J7 R HIbEIH4 TR
KRETE: » DI E AR 58 SRR - A 5o 2 RO T 7R KB (76.25%)
IR KTEE (89.60%) Z FIHZAYZFEE » AT =5 M T 7 K EEH
(79.72%) FIFEKHWEE (84.16%) Z FIEZRAYZERE » JREN (76.25% - 89.60%)
~(79.72% - 84.16%) » AI{SA Se = Eo M AT SRR ENE 2 F] T 8.91 {1
EoRh - IR ARAYRZE -

IFHAHPE R T RREEMEAT » MITER TR B SET 10%H 7
5 30% » GERLHI R SE SR PR B R REAE Y 17 BT 5986 - XUR—

it bl FEASEEEONEEREE o EEUARE B TR G 1T Ry > HAERr
EETT RS RAVIRESIE R - HEUAES P T R R T Az EE
(1Y R R B B A (E AR ZATT (E AR R T Y > Frd— ERliefdf g -
R RSyt - IERRAVBTITAE R > A e BRI SRR ER
EMRETT Ry PR
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= ~ Werner (2022)

Werner (2022)*® FEERIE B {REEE EEHEFE (Self-Learning Pricing
Algorithms) {£mi 5 EEFTE RIS 1T R lHR - I H EEECE A & 1T
RERANTIRETT RAIED © (FEEA FRYE R T O 7S s R E A
HEEUEE RS EE - SR EEEAM EEPARIER T > Fib
G HERB ST R RN RN G s - HAES ST T - Ekg
P (5 R VR RUARY A S BEE I e B 5 B R = A FRImSS > A
KB E EEAEREBNE T = &5 HE A g R R ST
TR T R SERIL -

By T BRI B R E ATV E BB B E1T RIS
G EPEEETEEE  (FERAE TWED R - £ HaURBIAR SR
ER R T T T E RS B A SRS AR U I A - DUET & 1T s
EESE - 88— T S BB —thi S O PRI B AR TR E
HP B BUA N A 5 VAR A e TS R A E 8 E - DB A A
HELATEE R TR TRy (e s B AR SR TG TR -

AWFFCEETL T R RTRERE B B i R A E (A R LL R
5 > R AT AV TTRE Mg D - B = FEERA NERTEBE AN T
bEE TS A EEEAIIN - BEETT RAV AR E TR - (FEIIRE S S
T Calvano et al. (20202)™° F1 Klein (2021)™° f753% > {#FH Q-Learning &
BUARERE B R L EEEBANB AT RIE - MHEMBINEE K
Bertrand 5% > H i85 L AWE| =5 4 & FE M iR - Ehstat

148 Werner, T. (2022). "Algorithmic and Human Collusion," Working Paper.
149 Calvano, Emilio, Giacomo Calzolari, Vincenzo Denicold, and Sergio Pastorello, (2019).

"Algorithmic Pricing What Implications for Competition Policy?" Review of Industrial
Organization, 55 (1), 155-171.

150 Klein, Timo (2021). "Autonomous Algorithmic Collusion : Q-learning under Sequential
Pricing," The RAND Journal of Economics, 52 (3), 538-558.
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TS ARFEEE H RN FEFE T TYICHEE)N : 3HOA -
2HOA ~ 2HIA ~ 1HIA - 1H2A - OH2A -~ OH3A - S2{5[7kzi% » 2HIA (RFEHZ
i35 A WaE S s A — (B BA MRS - AN S g EEE T =0
WFEf5) (Supergame) - SRR F ARG - 1EE—EEHER T
AN Tl By 95% » 7] DU R ffrEi e » PR B o 1L AT BT 22 3KER -
J A HEZR (Continuation Probability) 1F B b % [E A #7F1 2% (Roth and
Murnighan, 1978)1%? -

SR » (RS T A T EIE AN (2HOA FI 3HOA) LURG4
T B/ AT (OH2A 1 0H3A) - i LLasia s s » 7 LL T s
EE R M E R AR AN RSB S EB A EE (H
THIA - TH2A 71 2H1A) HIJa] DRI ACHFSE A RIS 6055 R I 8 » Ml
RTS8 A T R P N 8 R W B 75 (2
T TR -

(B EIR T DT AR : (1) SR e M5 M BT\ E
(OH2A) } =5 A% (OH3A) WO pal i B LR - ELAERA
SRS T S USSR S RS Q) MR A
S (OH2A) K =5 LI AJE (OHBA) AN - 3 B2 B B o] LA
bt 41T Ry U SUEDIE 251 (Collusion Incentive Compatible) (ISR - 1
BB A PRI RS TE) RO RS T - R AT
Byl B (ERREASENS § (3) SEDEM IR AL IEREN] (Maximization
Selection Criterion) @5 7 T AE7H8% (Win-Stay Lose-Shift) | FHUSEHE »
Sk L S O D T (S S S A M (T8 R R

R B - SRV S DA E BRI R AR S F i A A (EAS G 8 > (IR EHEAE

HY 528 S e JE (VA [B]— 85 3 VRS o VR T TR RA 55 (Relevant Market) Y € 25

A ZE HAIATEIRAVE R & DL pE e S Tat e 8 I A

152 Roth, Alvin E. and J. Keith Murnighan, (1978). "Equilibrium Behavior and Repeated Play of
the Prisoner’s Dilemma," Journal of Mathematical Psychology, 17 (2), 189-198.
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58 FHAY E (8 SR T A B AU SR (5 R ELAA TE0 - (4) B AR A -
NEZEBETT RIEES T - R TSRS - BRI EE M - 4£
HEELET G PR EREETE AT S E R 6) ERAAMEKMEHIHST
HEFEALE N NEEE S EER ST RIVER - E=FKREaahET - EHEA
FERRETT R 5 ERY ISR B = &y A (AR R A& - Al
SfErgeAZER  (6) NHEHEEREIAS(E - EHAMERRRE EAES
ST EEATERREE BleE TR a TR > £ =50 E AR SHY
5T e tT RIEEE T S A ERARE Z B R RR IR MR (&
WRARZ BN E G HERERDE - TR G B BT (7) FERIZM
pE (1H1A) B=r (1H2A) (it - RZBWMASEBRIEE LS
TESGEABAAEEE - (E=RWr QH1A) it - RSB BB
R R LM AT R I 5 RS R PURRE  IEAN iR g K
B AJEPT SR RIHYSRES RO A BT AR -

SR LA b AWt RUAE (E rl s G HIsTs F1% - HEHBAE S
TE NP T (A - AE B B p S e ST RS © T2 S s R 5
o EEATTGREEE AT S R R S 1T & > S e —(E A
F—(EEFUATE (1H1A) B5g i NIRRT - & 383 PRy
SSERRMHAT - =K RS RHAAE A EHEEE > 15 HE
& N o B EEARTE B R SRS DL NSRBI BT % M
B HREE AR R AT EATERAEE - [ERRAE MR T - 2R
% ERTA A F BEAEEAEE QM5 EE g &R NS ER
PAME ARG THETRETR - EESCRE MK -
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/g ~ Klein (2021)

Klein (2021)*® F B¢ T Maskin and Tirole (1988) Y% 5 ~ {K[F
(Sequential) fESREEEE GHVEEE i Q-learning JE RUAMETTIE [HHIAE R
Bl Cartel HYEISIGHIHIAVESE -

Q-Learning 2 —HEEA HE FHAVR(LEEE T - BUAG K HEETH)
(Action) FTSEIMVIE FAEITEEE » R H — (B (R TTE) - Blgm |
£ Single-agent FYIREE T » Q-Learning SULeLE|—{Em(EATTE) > (HE Z(H
ME{EFN Q-Learning [EIRFEFTEL LIS » AR (REEH RETTENE - AT
FE L HHSL R A AR 7= - TR TR AN EEEE AR Y
1SREEET I E A4S R -

{2 TR Maskin and Tirole (1988) (3 BTN B F 50 Ryfik
e A T R 12 PR S BT P4 - TEASHT S e | AE AR
SRR (po€ P) ; TE(BBURTIEI I ERERS 2 JHRCE (TR (pa€P) > i
PR ARER RREBE €(1,2,3,....) - (RSP > B
BN O~1 FZRBL ELIGELET 53 A k (B A/ IME SRR (B PEO, 1K, 27K ...,
1) k R EHEBEEIIIRIG - HE5h - BRIHES - (EE R B
SRR B EREE e SRS R E A - LSBT (e,
1) -

BEA - 1F & s i e A R R HUA FYER W s ELREH B 8 A
BCE [ B EE RS Ams F  TAYEAE pie M HLAN ERE A i R
SRS EINZR - I TR 1 A SRS —(EENREAY R EL Ri(- ) Hot pie = Ripie1)e
FEIE(EECE T > AORPRFEEREL (Conditional Value Function) 72 R
FOFTAA ERSARRAL > IS R1 8 R2 //E Markov Perfect Equilibrium (MPE)-

153 Klein, Timo, (2021). "Autonomous Algorithmic Collusion : Q-learning under Sequential
Pricing," The RAND Journal of Economics 52(3), 538-558.
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Q-learning G HA5R(EEEE —4% - WA (EAH 2 (E FHEBEH (Module) 4H
o Horp o SR (Learning Module) fa I Z2BIRVEGEN - AEARBIZEH A
PUEE Q-bHE (Qilpi, sv)) » Eorf s 7T t HIFYIRAE (State) » a € (0, 1) R—
{E54ES 8 (Step-Size Parameter) » HEEAE R EalG Z M R B &
o B (AR TEEIEE4 (Action-selection Module) « {TEHYBEFEZ DL
PERAY T (B e€l0, 1]HIHERS) B —(E{E% (JRE] Explore, ¥£R)
FHEERER T (B e UHR) R EAIREAER (RED Exploit, F]
) » % FHfS EEAY Uniform Distribution #E{THEHATEFSBEE) - T 250EH
TR B

* 4- 3 BT BR
FERAEET » Q-learning HYEER TR
1 EREFRKNEEZE #1461k Q-function

, TERTRIRE R LRI R R 4% - REORS L. — (R AR
REBAG -

i tEHEIAE 0 Ry 3 > Mo ARG RS 1R j #0A6ME Ry 1 A1 2> B T EEALA
P E EERET ﬁﬂﬁrﬁﬁﬁﬁ‘ﬁ/ﬁt %ETE’%

4 FE—1E loop > EEEETAVE—HIETIE] -

5 MRIBEHES > HHMEE i Qi (pir2, pit2) °

6 FRAEJIIE 6 » BXE pi» AFE piepie ©

et BAEEET Ry N —HA - ORI RS 1 $RRR S § - TR T BRI R
L E (B

8 HEMEE4T HEItHFNTIH-

5 . AFHE Klein (2021) Table 1 -

7

TEE TR T =R G HE EEE R A S A EE S 519 7 5
—EEIERIRETT (Profitability) : FEFREIRE & (bA T H) HVEREHIR
1% 1,000 R AR e &S B FIR » 1 58 A P AR £ 2E N Ry e (8
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BT » R FIE & AR - 1% P e (A4 T b - — (B2 BEETTS
BE--Bt 1T R FEIRSAAEAE - 55— AE e e -5 5 MR AR BAIAE
B fEEE R i L Nash 57 (Optimality and Nash Equilibrium) @ &1
Py & E FUEEANERE BT - R TE R A fhat iy Qi > MG EH A
FHHTRIE T > BfEHY Q-Function (B Q*i o) HYELAE » Horp > Q* IR
HEEUEFTSEINY » B2 w] DURE AT [E] € 55 ¥ T Q-function FYRIET - A1
Bellman 75712 203 E HYBNRE M R BUS Ry H ek B0l ARy S ah H 24X
AFTEEREEMNE OREEZSVE () ([E51ER0) - MERS Q% - &
W ey Ti B3R 4T 1 15 (Tolerance Level=0.00001) - Al H s Nash
i o = IpAEATAEIE S > Nash EEHYELE] -

FERERFE G > Frailie & 1T RS9 MIETS  EIERIRE TR F TR
IR+ 111 R X R A A Nash S#ANMFIEY TiEP S 1 HVIE T - e e
SRS 1T R - (efFE 2R AR 7] LIS R IEARE T 2 iR 15
FRETEEEE IR - (] ISR ERNE N @R g A lmIBEy  HEZI T 1y
oy o BEE T HREHN - T &% 97% » INRiES VRIS - FrlE 2 AR
BEA L ER LAVEN  BAg AR 2ERL Nash FI#EEYEER] - K& 67%
AR A T=1 R 22 AL Nash 191 &5 & B4 = B¢ » Q-Learning
FERE BT By 2R ATREEE AL UGS AVTT By - FER EIRL SCHIE 3 - o] LABEE 2]
EHG R (Deviate) Be1T RRFHYRFEE - o] LUG BIHERAER —
SR sthaaleE - sEERBE A B (HEHRREERE - ETHRH
praRSTE - AT AR A SR AR S - RIS 82 G R 2 by &5HY /KAE -
ERREE ST Q-Learning —BHn & R ERRMRHUG A - — B &
FEIBIE > ERL G ER (Reset) (EFE - BERMKEI HGEHKE > E Q-
Learning T % I 28 EBIERR » EIIFREARIRE LS EE T i
(ESENEN
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F ~ Asker et al. (2022)

Asker et al. (2022)!%¢ FHPES A TASEEIERIES Y T » AR
BRIE (H T LARE B S HTARE) A3 B T (0 B A T I
B RSB B IEE S T - JERE R R Al
FrOfElsh T -

AL FLA %y Bertrand € (G (F& B R AR S 5
TR P Y 2 PR P A A [ [ B P P o RRESE (A AE 0.1 1] 10 Zf (P € [0.1,10])>
A ARF L E Sy b Ry 100 [EFERERY T TERSAES - FEehiSTokEE - WA
R n[EE > AT UM S S R R (E (2 P 1E (EE AR - N E
ISR SRR EHE - fFRAE 0 - &% 0 &
EEEE - ETERAREEBEEEEL - R -

TEARFEHY Q-Learning H1 » {EE A Eeas W s o] LA A (IR
RIANERH Bellman J7 2 (a0 E BHAEFIE kB - R PR T BEER £ty
AJRE ° £ H Q-Learning 52 i€ N ={@4HR¢ - 5— - s i £ k BAREAYEE
FRBE AT ERTHIIFEH S » £ SEREE k SR ERH L
AATHEAFDEAE &5 H 2 B REFTRE § 55= - s B B H e A ST
Al (Updating Rule) » DUEHARTEIZR BV EAE RS k HHOUTHEAFELES -
WA RS k+1 BARVAHG o HREEPTAD » SRR R R R BUAE T R 2N
wHIRARNZR - ATV AI - RIBAENE E &R 7l Aoy R =188
& JRE B I B DR e R oK R B RER (R B TR K E E)
HIEIZE SR - FEFEIPBLERE Y2 RAE R FT B A EE A E - JiEEAS
I EAS ATV - &2 RIECRR R A mI TR ERRAFE -

TR SR & W S P 55 R TR IR SRy W B e Rt > o383
T TR RS B B S Y Nash $59 - B0 FER > ISR EZRER

154 Asker, J., Fershtman, C., and Pakes, A. (2022). "Artificial Intelligence, Algorithm Design,
and Pricing," AEA Papers and Proceedings, 112, pp. 452-56.
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Wi AR O B S AR - AR - (520 SR B R I R AR - (A
HUTHZE Nash 191 > HOMAMY RO ERGEASHY B MR 2 -
HAR > FEFRK B AFRERAAE [ E2 E R B A [E] 20 S RV A= R
FERS > A TS | AR (Bt Or s i (EAS A L RE TR T BT - iR

AU LEPR A - L2 RS R R IR E TR B ARER » A LIBE R AIIEE D
SO A RS E RS e RIE I PRI R R - Rk I R
YRR E -

& EHA > ERVAE R IR G TS R E E S5 TR YR R A
2 o AL A TR BRI RED T R AR 1% &€ AR ET EAVEE R -
ARG VR > BGT RE R R AT 53 - fEEAEERER
BCEERA I > (AR - AL - EEAN SR E RIS TR
KRB BRI AS & > ISR E[ERES I s I B2 -

g
¥

~ Meylahn (2022)

Meylahn (2022)1° 3 ZEEZY 2 EEEE (Self-learning Algorithm)
TEA B RRIT AT AN BN T » ZFBEE1T VG R - (FEEsird
FEH T O{E ST R AR

PSR RE TR ERS  FHORGERA BB ER E R EEEL b
ARG SR IUAE S B & 1T Ry BGs FHIRCE N E A - AR HEPUIARR
o fFERSEH B REENERDE I HFEHAES ST o S S
BEERDE > BRI AT Ey & R R M e () N Al e gt

— R HREEE S T EAAE (B RSy - Rl ie s g
AYEER -

155 Meylahn, J. M. and den Boer, A. V. (2022). "Learning to Collude in a Pricing
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R B TE(E Ry 63.46 TT o FEEe T BEGRB- P BALEE Ky 124.77 7T
PRSP EALE [ R 6745 T FEER= T BEGRCFERALEE R
139.01 JT - BERESRI P B E (B Ry 73.48 T 4

(1) € 2021/08/16 % 2021/12/13 Juf&E— o FLHGF AR BRI BALE [ R
119.41 5T » RELARMCTHI BEALE R 63.46 T o AELLHAR - 4T R E 4R
(B - BERARROET I RV 14 20 SHOE REGRER BRI 1.45 X
P> SRS ST R (8 - 5% P B AR B SR (B R 2 BE A P89 ~ B2 0 B Ry
3.32 KA1 4.83 K SRR 34 205 FRECRR (IS Z2REAT 1Y ~ g
SR 2.73 KRN 2.41 K - SRERE R 42 X -

(2) £ 2021/12/14 Z 2022/06/30 EPEE: — o 7F 2021/12/14 B > BB LR EGEF
Er&EHEE - M BEEREE — X B SR ERREZE 70 T - Bt > BER
PR B R SR P H Y B AL (AR B BT - BB SR AL MR 119.41 T |
ThR 124.77 7T > BERERECVHIBRALE EH 63.46 JT ETT Ry 67.45 JT - AEIEH
[H > STt R ERBERER - BRERRBE TR ER B R 39 X PR E
SRR ERAY 0.76 KPY > BRELARMSCEGHE © sl B R BRI 2

R L R R AR (EAS I RH BRI AR 0.722, PR AR B AR ERRAVAH RS EUR 0.5846,
P SR IR SR AR AR (R EUR 0.5144 -
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HYFET ~ BEAEZZ 3T By 3.40 KA 3.66 K - FRERE S 60 X 5 SELLRIEE
IRFEl 22 REH S ~ BEAEZZ T I B 2.44 R0 2.02 K > FE{EELR 83 2K -

(3) 2022/07/01 % 2023/08/12 EFEEE= - #£ 2022/07/01 K » BLE 4R EUEHE RS
s 1T RBERECEE— R B S BALER S 2 74 7T - HIL > BEGRH
PR B AR S BT RESURCPFIBEALEER 124.77 ST BT R
139.01 j© > PRESRI A BRALE B 67.45 JT BT F R 73.48 7T » AEREHIME -
Fat BERMEHER - BRERBCET T BRI 55 R SPIERE LR
SERHY 0.92 RN > BERMRBGCEEE - %P8 B R B AR (R ] 22 BE A P
¥~ BEAREZE TR R 5.28 KM 11.77 K > SREREURy 78 K 5 BRBL&R R (FHF ]
ZEREHPE ~ AR ST R R 3.02 KA1 3.49 K - FE(EKEUR 135 K -

&r_ERTHl > eat B E AR E R - RS OETTER (E R ER 108 X
Hrp BEEREGRRE 0.24 RIZZIFRPESHEAYREDR 38 K (52 HEREREHY
35.19%) + FRBLERIEAE 0.24 ~ 1.2 R ZIER B ERYER 6 X (5.56%)
FRESSRIAE 1.2 ~ 2.4 RNILZIERPEFEETRER 5 K (4.6%) © BEEREAE
2.4 ~ 3 RNILZIBRBER EEE R 2 X (1.85%) o 1M FRLER L B SRR
BRI 3 RAFE Ry 58 X (G2 ERERIE I 53.7% - AL - FAM
RIS Ry o RV SRR M TR (A AT RE PR

LI (e TR B AR g LR e SR 99 2 e P (S A A R T = (AR A
TELAPERRIERE R TERT T o 15 MR ATl B B R g L P R A T (B A
PTG 2205 R S s O (B B B . o B = (EPEEL - il b — T BRE
SR B E H Ry 120.35 7T - BARE SR BRALEE R 65.58 7T |~ FEEL
= T REGRCIEAEE R 12637 T 0 BESRCFEEIEEE 69.24
TC o PERR =T BEGRCP YR ACEE R 139.82 JT 0 BESRCPYRALE A
By 74.41 7T -

(1) f£ 2021/08/13 2 2021/12/27 Fsf&Ee— o MERFRERMPIRALEE K

120.35 7T - FRRE AR P BALE(E Ky 65.58 T - AELLITR > Sat R 4RGN
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{E1% > BRSO THIENRE 31 R P ERESMER RN 441 K
A > B SRS G - S PSR B AR (IS I 2 RE A - B ST R Ry
3.23 RF14.50 K » FHEECR 38 25 BRI (ER I Z2EENT P - Rt
Sy Ry 1.32 KA1 1.87 K > SR{ERES 97 K -

(2) 1/ 2021/12/28 & 2022/08/01 Af5E: — - £F 2021/12/28 W » FAE 4R NE
MR TR GRS — 2 B S B R AR 5 70 7T - B > B
R L AT L (A B E T SRR B i E (e 120,35 56 b
ThEy 12637 7t SHE SR RE TS B2 65.58 7T LT B 69.24 7T - EILH
B Wt E RS - B RO T I 53 K ISR
SARE BT 0.70 TP » BRE SRR RTR o 20 E BT 0 P (e AT 2
HITTH ~ RS4RI 2.95 FR1 3.25 K+ SHEXME 78 K Bk S TE
IR YRR 1.7 TR 2,53 F » SEZECR 144 7 -

(3) 1/ 2022/08/02 % 2023/08/02 EufEER= - ££ 2022/08/02 i » HAE 45 W EF
[ TR GRS — S B S B R R S 75 T - B > B
B R T B (RS B LT BT A E (e 126,37 5T
ThEy 139.82 57 » MR AT B 5 (B 69.24 7T LFHE 74.41 7T - FEHEH
R Gt BTSRRI 59 K - IER
SARGIEAAT 113 KA » B SBESE e o 2 E BT 4 P (e AT 2
HITA « R SRR 515 TR 9.36 K » SHEZELE 73 7 ; By
RS RS RIR 2.43 FoR1 2,12 F o SEKECE 155 7 -

&r DA - Siat B E AR E R - PR SRR TR (R B 142 X
Hrp BEESRE 0.24 RIZZIEREER EHRE R 28 K (SR M KEHY
19.71% 5 FREESRRAE 0.24 ~ 1.2 RNILZIFRFEFIERTRE S 6 K (4.23%) 5
PREESRIAE 1.2 ~ 2.4 RNILZIERPEFIERERy 8 X (5.63%) + PARE ARG
£ 2.4 ~ 3 RNILZERFER EHY IRy 12K (0.7%) - 1 SRR SR A S B4R
A(ERE 3 RIZFER 99 K (LRI REHT 69.71% - IR
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{58 R SRR T (E Y AT RE MR -

BECI S - e e B AR SRR W R B SR N BB R SR Y 4 &
oo AT DASEER SR e R (E 1% - RE S R R S e e A < A R e A (R A (-
FHRERRPERIENE:  {H 2B SRR R R (1% - IRIERRRS RIS e ] &
i 3 K ERURNHEN R A AT RS R A (A S R PR © 55
— T > ORGSR LR A SRR R SRR R AR Rt g R
{8 > 1 H AR SR RREY 1.32~2.43 Ktal —R(E » P8 R S cs 54 (E18
B - RAVEENEE 2 EHS 1 KEEETFRIE - £ B
MER T 2R EEPERIR S - Wi > R —RAEMSE B CEEARER
ERPEH SR > (HIELUA TR R - B0 B A EEAE AR AT

FBLET ARG

A1 BB A T i e 1 (B R 2 SR B m] o s = (PR B » P B — T A e
[EIF SRS ) B T AERAEEI 2R ) - PEEE . T S(EPHIGIEER (L ) TP RS
= THESEE > WRSGEEIEE—  HE RN E S L - EiE
BRHVEREEAAR - fEFTPk RN A RS AL (EASFHEE EXAEH - NBTRERYH
ELgRs o o (E A EAE — BN (i 2R m P Eh AR & > (HE
HCA P I (RS T8 - R 1 R RS AE RS AL R R 72 < R D5 (B LEAE » FeAMIie
AEFTE S TE R A B E P B ~ HEIRBETEE - SRAVEEA AT REM: Bl
R EEUAER B e RGN R 53 -

6545 Assad et al. (2020) H7 PR o 5L P (0K PHARTRRI S 0017 o2
B - IR R TG T A (TR ERB B 2 - M

2 MRS (2023) > RIS 2R ESVEE > FREE R Wﬁ?ﬁﬁﬁﬂypm
17 ?Eb ﬁﬁ ﬁ%&nﬁfﬁﬁxk%ﬁifﬁff%i > RIEOTRE MG B s AV s S ER > iR R
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HRg s A AN B - IREER R G AR A — R T ES RS - B
SRR R EAR R - (B ARSI (E R A R R R AR L AT
TE ARG HNILEE - — = - WAy E [E R — & N ETES) - &

IR BN DA GBS EHEERATE) -

58] P25 e 25 5 (o8 PR SRR S (Y AT BE -

&E_ERrAt - PRATEE Ry TR

K 53 BRI FIEEL - [EARIRE ERAERRET AR

P RS B 18 R ERIR RAEE HERAE
e 5 H MEREE JAEARE IR
&P G T )= =1 =
CRRE VUPE B (RE R B AR HEEMEE EREBkE
AR3X)
B 1 (5 =PEEz - 46RFF RER  BESR  dJElks EREPE
{E4H) MHEIEZE - A
k7 S
MEEZ -
B L (R =PEEz - 46RF &€ B B JEURR wJREtES ERpkE
{E4H) HEEZE - HEE REE
HalHR ~ ST
MHEEZ -
B2 (5 =PEEz - 46FF BER BESR dJEls EREpE
{82H) MHEEZ ~
HalPR ~ 4EFF
MHEEZE
BigpE a2 (. PR - BT K B HM  sfREtEE ERPkE
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HRAMS SEEGER BRSO BBR CTEEE M)
(B BB A
)
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and Sapi, 2022) {EF&HEEA IR EEAEMHE RAVER - AR - LI
B H AIHERN > S R A B AR EEGET A 2 E RS 74 -
[t - 55 DAIB eSS T HO(EAS S B AT AR AR RO TS - BaT AT DR
B FE DA E RN - FEAh - AT SR R A ER AR R 1
FEf SRR A R R dn Y E (B S FIRF I r] RE A M TR R AR &2 -

MAEE PR AT ~ S EEVARY R G2 -
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BAE FHERASESETSEHE

Ar— Rt R ML EBR BN V& LR E E R E R AR AT RENE - 12
AREE > IR B RSP S s i B B R A R B IR &
o DR FHRAE ESRAVAE Q-Learning fHERIEEH - IRILETHE
B ST R AR » AL EEERE R EERIRMN - i R e E R T
GETELR AR - HA FIRVECE o rT pE e A A R et 5 > DU N FefIie o
AT FE PR EEARRE T AaRHITH B RESTR -

F—6 TBASEERECE

Foo ke ERVEDRIL Ry T AR IR IR TS - AWTFTEIE BT H R
B 55 B R (e LA W RS TFRRE, =1 -, T Wi
(TR AT TRy - HFR KRB HIRCEN T

Qit =a, —bp,, +yp,, + &4,

Qzt = az — bp,, + ¥YPy, + &, HTZHEL (ay, az, b y) FHIEHPFEFEKZA
TEESEE) (8, &) LI > (a, ap) FRIF R AR KGUEEEIH -
b B S EES BB FRRIEE  y HEF M EEEE B HF
SKEVFZE > EIE > TG b B y SR S S EIRY © fE8GE R
A e IRIET > AIRHRIETTI &1 T REYI#(EFE (Bertrand Nash) 4171

pit =[(40° =) [(2bay + azp)+b(2b+y)cit2ber+yex,

par =[(40* = )] [(2bay + ary)+b(2b+y)e,+ 2bextyerd].

P EEEAE > SRUEFR KB R H R ER R BUP 3 » Q-learning fHEEA SN A
ZPRFY BT - IR SR FIRUFEEL (exponential) BYSHEANEIF A -
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(LI - TR ST R (Monopoly) HONERAHIM EREAIT -
Pt =[2(5* =] [(bay + az9)+ (B~ P)er+bew+ e,
Pl =120 = )] [(baz + ayy)+ (0P = P)e+ beat pen].

BRHE t=1, - S< T RESARIG ST RIS A%
exe = [(4b? — D] [2berc + veu]

€y = [(4b2 - YZ)]_I[ZbEZt + yer].

= py — [2(b* — P)]7' [(2bay + azy) + b(2b + y)cd,

ex = py — [2(b° — 79I [(2ba, + ary) + b(2b + y)cd.

At - 8B =1, - SIEEER (01,p2sc) A FIFHIELR MR/ N7 7ER]
AR —4AfEST2E (@, Gy, b, P) BRI TR RN
MSE =Xe; + ey

—HFH (84, 85, b, 7) FfhEHE - BIETDURIFHEREATERHEHE (21,620 I
TR o ILIN  WEFHERE R pi(c) B paer) T AMESFSEIR A RIS E]
U ERE AR -

Pl (c) = [(46* —72)] 7 [(2b &y +7 a5) + b(2b + P)cd

Pl (c) =[(4B* —72)] ' [(2b a, + 7 @y) + b(2b + P)c]
SEO > (AR AT BB T

P ) = [2(6°—72)] 7 [ ay +7 ) + (B2 — 72)cl,

P (c) = [2(B2 = 92)] (B ap + 7 &y) + (B2 — 9?)cd].
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Btk (ERIHT KB AFI @, 8, 5.9) S HIES :

Q1 = @y — bjpse + Phae,

Qat = @z — bpppe + Pi1e,
Hh o A(EEEEEIES > T B B Po AIETEHEIREORL ) B
Monoploy B¢ Nash FY(Eit% » SCHIEEDAE EARTAER - PILFRE: > g
IR Ry it = Qe (Bje — c0).j = 1.2 * HEEEHIE - RIS R R
ERIEE BN A4S - SRR - B @ MR EREE a4 Bk

N et B s e oK - s — %Eﬁ?’-ﬁﬂ’]@% % > Ry T rEis
B TR MR

Tj tlT[_N

Hefro dij, ~ o SYHIZETE  2)4% (Monopoly) B (Nash)
CUEIINGE TE{‘J%U}F‘% e AEFRMIVEGET > myr Ry IR 0 2] 1 HVER(E - 55
W 22 R P LR (RS 45257 » ] Monopoly #5—4 » RIRZLEHI R 1 8y
{EF&&EFUN Nash B —#x > RIEZEEBTRy 0 < FERRAFIRVECE S - njr B /15 O 2]
1 HYEE -

BED B HRYER

AW FEEITIE SRR PR ERDERY B P& EIREAYERE R > Hi
BRIt 2 Bfct—RI5EH - BREEE Ry 2022/01/01~2023/06/01
HiEmE LT 7 (SR - (ER840E 6-1 Aok - HilE 6-1 H{ER/KLE -
AR E R T Ry (HRYR KRR 4R ~ FRICREGR LR - TP AR ERER (LT

* Calvano et al. (2021) ADHIEE - WAEIEER P RAEET) - RAZNAES
BT RAH AR E RS PRI - SUGTRESELE - P -
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e Folins 1) ~ BOEGERS (DU R Rirs 2)  DURAREATRIRE
SRIBRE o FHIFA o 5 (LAY o {1 o s R = FEE = (B A P o e » SR ey 23
FEDAW {18 (B AL B o > T S BRAVIEEE AT © FPIRF 2023 SR aF
T F Ry s FARE - 15 R Ko i B FAR R (EA AC R T RS ~ BT} - F DI (E
HyiEte - AT AR T ARERURE EN SPEERRIEER - [EAh - AT 5T
2023 FrEEATR Mg Y - INEESHERIERR S —BIEDETS » 2%
EEERVFREWNZBERNAEESHELNBEKRE -
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it B S 1 T R AV ERSRF R R TSR - HRTATIFE E R
FA S (EAEAS B AR B A A RIATE > ST altdl s

— ER(EERERAE
FE = FEE 383 2 T 45 TR R TR - A5 [R5 P e A (B A Ry leAS LA
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PR RS AC T — AR R = E AR RSHC (F— 1 R RS IR - R P65 EAr
FAHEIRRAE Y ERIF R BRI SRR KB 7 ZHYIH H Ryl ok 5 -
NIt FREREREAHER o DICH—A05T 2 BfcH: —R15k FHAV RN A fh
Rl 345 512 SR - (BB RIS Z B (B RSE Rl A RV
15 - HEEENE > RE R ERFEBN R ERFEREBA FIEEK
AU ETEREE - BRI B I ERS ARG T R R R A - 17

o QHERAA

AT B T R BB - AR RIS (R
it (FUF D 4820k IREDRH P BB PHY 2,478 U E
Hi2 287 ) IFBYES(E RIS - BEAF RO RIGEATALSE | HMiE 2T
SHER {25k CRUF D 482001 » IRFDRHBEISE 1 49 27,650 % » BUFFEH
e 532 46)  EHRLIFID S SRATAISE | ITEIE GRRAIOR B FAH
b BT SRR P (s » IR 85 ) RRHCHE 7 AR AL -
FIE 1200 72 (ERIACR | ¥R SRS VAIRA) » Fefielil B4
B 800 TEfF BRI M AR (RIS ST I R 2 F
SR © SRR S EAERAE - Bl TR T BB
YRR PSR » AR AR B A ARSI -

IR SR REATR LU VSRS AR R AR B A Bk —
B> DA R E I BIRIERA - AL A AT 5
PR A A A3 SRS -

7 BT R AR (EAS R R A R B AR (B & B R R TR B » DUSRREGR
TRPE T SRR LU & 1T Ry (ES L S pRE ploA—REE S © 0 HIR Ky e AV B RS EHt
B RBERE AR NIGRREE (LY - B Q BRI ER - 1
HELVET Q B NI MR E IR Q 825E - 5991 > B E AR G (K
FRANZR I oz e (A BB BRI > DA LR A g s (A LA £ H R Bt B B P EIE R
SURA - FRERAE LR ] -
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SBUUET BTIIA

Calvano et al. (2020) (ERAY Q E2E VA > BAIHn HAEIEE k (E
FEIBEAY RS RotRRE - LR s = (57 "2 - ™) o TTVEHE AT BRI T 8D
(actions) ZAELLPAERIT [P — <" —pY).p" +&0" —pM)] FIFHL m (&%
Ry m] SREVEV RS - AR SCEEHUW R iisin = 2, A — R ERS (k= 1) Rl
AGIRRE » ATEREUHI(ERS m = 15 40 > tBEHL & =0 81 0.1 FIRH SRR = A
BITHEME (EIL ¢ ForPTB R ER RaTEB EIEOE R EIR © 2
GE(ERE p" BUESREORERIA IR ¢ SR E pV IARNE) - WS ER AT AR
BN Q BEZEMMEEARE - BRI RERB ST -

PRI R AR AL AR B R A - thEFFEREIZE (n=2k=1m=
15,8=0 810.1) #E{THEREE > WEMNEEERBEWAHE BT o AHER
Calvano et al. (2020) {EECEREAREE - FEEER L - HAFIRR A
R (E R S R A > IR RE A RIS EHE & i I TR E » DA kR IR
fifE T B E RS DU 1T Ry (B SRS A — 2 E) (A1E 6-2)
W HN R e E B ERH &R  RERERE T E TR E - NIIIREE
G - BRFEE Q EMEERVEA - MEELIEHR Q 828% - H Q-
learning HYRIEES RN EEE - FHAIRREATRIE - II_ BB ERER 2 A
AR BE T - NIRRT Q 23480k -

[EFARE Q EREVAMA Q FEMEN ERHYMIRERS - HATRHIRREE 2%
HENEEEMEE 17 Rsce IIEER Q SREBBHHE » Ryl
FoRBIE » BEH m =50 Ry nIRHUTEN#IE - IS LU RRE AR AR B RIS
RUENTE EESRA R RVEEER - b2 "' = (o, p"™) - BER 100 {E

178 3XAE m (action) A G BMEAISRIY] - SIISRERIGEE A T4 GPU (T4 » B0E m
Ko 5 B 10 [ > FI1%K 30 & episode HYNFRE Ky 37 778 38 73 » AAAHAE 252 - R AR
FYIE By episode Bl epoch - Wi B s 2/l SRR R AT -
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HiE (Epochs) lll%f5eFFE4E4% (Evaluation Network) 1% » DIRPfh484% 258
¥ B HE4E%% (Target Network) 177 o

B M R FUERVE R B R ETRE Q 838 M pr
p2 ZHEFEZRER  BEEMNLEFESEH p [Ei% > DUEHE RHTER] -
HATERZE py A1 pr FIHVERSES IR EERITE G R —([Egtanit
INERE (A1E 6-3) Tl pr P po PIHFERE d=p —p1 FiiR
GBI po EFLIA po EEES -

FETT R MR R PR B AL & — - DA R B —(E AL 5951
TERAE I - i (R (EAS DA H R BEA ST B B I (B Ry ik
A BERASLIEEREY] - BERER - BaTT RER - B pr f p
I EIEE T RIS E 6-4 YA GRE - EFlSRER T m - HMTBERE
2022/12/31 DIFIHVERHE BallRE R 3 522 5 W DURAREASE  F Nash
PR R RV AR R 280

~

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

FESE—REERE T > A3 Bl 52 I s 025 (58 FH — (e A e A R
fHATE Q EXEFNIGR - SR H 52 Y E (B R 2 | Rt - i (AL A
S SRFART EA T2 - FISRE LA Gl & AT MR R A E RIS ER -
HHERNERRGAEE - (FREILIR - /£ 2023/1/1 & RAER > EH
ERAVER RGNS - REFE AW EENAEEER - AHEMAEEE
A} o R EZ T I A A FT RO T (R R

177 A AE SR Deep Q-learning [ E 3% 2 5  episode=500, epoch=100, &=0.8, ¢ -greedy=0.2-
S fETH BB EL B PRALRNAY 72 52 » PRERTE S [SRIs BT S LE AR SRS R RE R - (A SE
K% e -greedy Z1E Q learning ¢ DQL 1 » FEHYG i B2 — {8l E (H el (AL sz Al
) DITEHITEAR [EHASE TR EIENERIEE « & HETHRET ¢ -greedy &I TRENE SR
AT R Ry e E EAVENE -
178 =) HIAER A A (S48 b =1.204,9 =0.622, 4, =27817.998, 4, = 27581.070.
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SR REHER

B AEERE &=0 BRI - i AT ERAUT Ry e (BB AR 1R Rydie - (E A%
B B BB E T RERE - [B 6-5 Rl | EEZ pr BAEE RIS Y
G o A DASEBURAE T E A ERS R [EE - YRR ISR - Rps | Sk
1% Nash S FEE (V) < B - [B 6-6 Fslips 2 EE 2 p2 BEIEISHE
THVEEIR o ] LASEE R T BBV G R & E - (FEIal 4k T grd 2
EEEFE Nash BiRER (V) 0 M2 TEERBEERTE FAEENEE
fAAYFy Bertrand Nash 541 » (It - e 1 AYERS (20 2 R
JERV(ERS) Fy Bertrand Nash fHAY NAYE(E[DIfE (Best Response) » [T iR 2
i p o RR R E SRR TV EAEEE « AL > Rl 5RAE E
6-7 FEERE T » & 2023/1/1 BYERS R TR IRAE - (&4 I A{ERE YA E
(B ER AT FEASF R SRS - R L5 ET S35 29 1 - FhIS > Nash (K
FE&R) EISBMGRG 1 HUEBEERS Predictl OKELR) KBRS 2 HYBAREER
Predict2 CEEE) 2 FESG - HIFRRE 1 81 2 Z ARSI A5 0.0025 B
0.0025 -

—25 L Calvano et al. (2020) JFHEAAETT BZEfE P EL €= 0.1 > 5L
TEEN AT )G B p BUERERS pY AURRREERTEFEEERY 10%  AHRE
sl SRELAEARVEE REFY IR 6-8 FIE 6-10 » fEsh IR ] DLEE AL ISR R
R ET DA AR MR E (A0IE 6-8 F[E 6-9) » 1E&E A SISt AT LU
RAEAHGETT (R RS R 2N BB s 9% E
NS > HREin RS BURAS ST TE EADE) - Al o TERA
T E G AR KR BT - R G 3R LR A S ERYERSE

O TR ] RE RSO L T A TR B TR SRS AR T AT - S B

HRGHEIH ﬁ[l%ﬁk% C KESE - NEEFBERILA T SRR ASIRZ H 5 - SREE

a1 - BRSO S Bls - RIS & KM S S (E S S AR - 2 —

RAEMM > BERFEEMES - RS > iSRS TRA KA sE H R AR AT B RS -
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M2 BERHERE T & 1T R85 - {ERE1R X259 - A pkEhEL -

> WMESUETRARE B0 DUBE — A5 2 5] il R i 2 e s
TEE TS 1EFISRPE L - IRES(EFH B EBRHE RrlRREH A > (HifF T PEESIRRG
A JE FR00UR A R R P Y (B B I ARAE - 7RR 5™ = (ad', o) - SRS AR
T RS T RAE EHVAE IR - AR LR T N — (B A & A R Bal St -
HerRIBEmr—EERAVSoE fHE - ISR Ry 2022/12/31 DIgTEYERL - HZ
HEeE Ry =0

A e e | SRV S SR AT ] 6-11 F[E] 6-12 > w] U S BRI BRI GRS
EEEARSRIEER - HEET A G SEFAVIHER - 8 A [ 6-
13 G E R mrAcH =] - HEER 2023/11 HYEBIEREEER  Z&H
IRRE & AR E B FTAE - AlA] ISR > iR —Braa s St E RS
% MBS G SR W &1 T R ER - ERAVER B ERY
20 - BEAh > PR 1 AVERREER Predictl (KEER) HRRg 2 YR
{Ef% Predict2 (RIRELR) B - FralBR+H > WS ERE G
Monopoly (FREE&R) HI(ETS - BERG I = Iars 1 812 ZFER A5 0.2901
Bl 0.2916 - 540 PRI 2023/1/1 88K AE N EE @SR
RaPATEII RS (A0 6-14) - bE Ry — e S A G AR R By U572 -
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Research on the Empirical Analysis of
Collusive Behaviors in Pricing Strategies

In the Digital Economy

Abstract

Keywords : Algorithmic Pricing ~ Tacit Collusion ~ Pricing Behavior ~ Deep

Q-learning

This study delves into the emerging field of algorithmic pricing and its
impact on collusion, addressing both academic and practical issues. Focusing on
the digital retail market, our goal is to understand relationship between the
decision-making of online e-commerce to adopt algorithmic pricing and the
potential collusive behavior. We integrate the theoretical and empirical literature
on algorithmic pricing, incorporate simulation results, and use web scraping to
obtain machine learning data. The integration of these elements has led to the
development of preliminary screening tools targeting businesses involved in
algorithmic collusion, particularly 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 then collect product prices from domestic online
retailers, examine the use of algorithmic pricing, and simulate market price
changes. Furthermore, using real market data and deep Q-learning, we simulate
price trends under algorithmic pricing within market structures, providing
valuable insights into the relationship between algorithmic pricing and
collaborative behavior and providing practical recommendations to competition

law authorities.

Inour literature review, we analyze both domestic and international academic

and practical cases, focusing on the joint behavior of non-algorithmic and
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algorithmic pricing strategies. We divide the literature into a theoretical part and
an empirical part. The theoretical part briefly introduces the relationship between
price leadership games, game theory, and tacit collusion. We draw on Green et
al.'s (2014) framework to explain the role of communication in tacit collusion and
the conditions necessary to realize it in game theory. The empirical part selects
15 papers on tacit collusion published since 2014, categorizes them by industry
and collusion mechanism, and introduces three court cases related to tacit
collusion. Similarly, the literature review on algorithmic pricing and tacit

collusion is also divided into two categories : one uses empirical methods to test

the correlation between algorithmic pricing and market prices as an indicator of
tacit collusion, and the other uses simulations to explore how algorithmic pricing
achieves tacit collusion. The former also identifies patterns in algorithm usage
and price changes, as well as the main patterns of product price changes under the
algorithm.

Despite the importance of this research topic, the scarcity and difficulty of
obtaining the necessary data limits the availability of empirical literature on
algorithmic pricing. It is clear from these studies that there is currently no direct
evidence of whether sellers use algorithms. Instead, the literature often relies on
criteria such as (1) the frequency of price changes within a certain period, (2) the
correlation between the seller's price and other prices, and (3) the response time
of competitors to determine the suspicion of sellers using algorithmic pricing.
Once confirmed, studies related to products priced using algorithms also

identified five patterns of price changes among algorithmic sellers.

The summary of the recent experimental literature on algorithmic pricing
includes seven studies. Due to the complexity and time-consuming nature of
simulation algorithms, most experimental studies choose relatively simple
configurations. These studies find that when there are fewer firms in the market,
the likelihood of firms using algorithmic pricing to achieve tacit collusion is

higher. However, even if there is an algorithm in the market, it cannot be directly
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concluded that prices will tend to preset collusion. Furthermore, algorithmic
pricing may cause prices to fall, in addition to raising prices. Unlike the price
change model used by Maskin and Tirole (1988) to punish defection, the price
reset effect results in a shorter low-price period in which both retailers

simultaneously adopt algorithmic pricing.

We conduct a preliminary exploration of algorithmic pricing based on the
prices of computer-related products and daily necessaries in Taiwan. Overall,
there is a possibility that retailers of selected computer-related products use
algorithms to set prices. However, the frequency of price changes of the selected
goods is at most about 2-3 times a day, contrasting with the high-frequency
variations found in European and American literature. Therefore, it may be more
appropriate to infer algorithmic pricing by observing the time required to respond
to competitors' price changes. In addition, by observing price samples for one and
a half years, we find that the pricing models of different products may undergo
major adjustments in different periods. Therefore, a combination of manual and

algorithmic pricing adjustment methods can be used.

In our simulations, we utilize real data and employ a more powerful deep Q-
learning approach to simulate firm pricing behavior. In the two-firm scenario, we
train the model to derive the demand curve for each firm during the training period.
Subsequently, using deep Q-learning, we generate prices that simulate pricing
behavior approaching collusion. However, there may be differences between
simulated prices and actual price data. In other words, using algorithmic pricing
without explicit agreement may still lead to tacit collusion. In a scenario where
the market structure consists of one dominant firm and two smaller firms (three
firms in total), simulated prices generated by deep Q-learning show that not all
firms necessarily form collusive pricing when considering each other's decisions.
Simulated prices are also affected by market structure. The experimental

simulations are consistent with the literature, which shows that different models
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and scenario settings lead to different results, but there is a potential tendency

toward collusion pricing.

This study provides the following policy recommendations : (1) For e-

commerce platforms suspected of collusion, competition authorities can gradually
collect relevant cost information and use public price data to analyze the pricing
competition landscape. (2) Given that the same algorithm may produce different
results under different circumstances, the regulation of algorithmic pricing should
be handled on a case-by-case basis. In particular, algorithmic pricing, as an
auxiliary tool for tacit collusion, cannot directly detect whether the pricing
process is dominated by human agents. (3) If price fluctuations exhibit Edgeworth
cycles, particularly when the duration of the trough is short, it may be related to
algorithmic price resets. In such cases, caution should be exercised as price
increases resulting from the Edgeworth Cycle may harm consumer benefits and
economic efficiency. (4) The rapid development of algorithms may impact
simulation results. The current simulation scenarios are relatively simple, and
future research may discover more diversified outcomes of algorithmic pricing in
more complex market situations. Relevant authorities should continue to explore
these issues to gain a deeper understanding of competition issues and develop

appropriate policy instruments.
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