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ol ARAE Aol A Mol A= SEAA tiel nRAT. Tl AT Al EAG B
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wjel WA o 66633, %
RS 697d, AL Ams(Bel ARG AOE Vehgeh, w5 9| FATAAe] Frvio)
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WIS o] Slstel, B ATl AE TAQUOIEE olgete] Fubvlnl 479 10mss} Ims
Aols] 5 FRTYL EAR obe] o] 5k Fulvhue] FEUG Fol WAL YA
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1.4 &
oj = ekl &g ol vi 356xmtth g WA thare] S0l gl e Eol¢t
LgEe B0e £l Flgtial s EAl o A o] Fele A 3%, B
0ol ¥7l% sh=dl, o]lE5°] AN B AP = vhge] dof ofF WHe 3
Azt vies sl olF o] 1S Ale SR 9wl e (&3 Ak
A zto] &A= Ims(millisecond, 2%, 1/1000%)°] 2 2™ 20mse]t}y. ZA7F FAA A&

1=
lo
N
Sl
rlo

n-§- X Fato] o]& F Ao aANte] sk EES A T bl
A2IAY d71FEoz Fet oHd ASo] M FiFH oz 66639 v

A KOSPL 200 F7HA EA ol A o]el st dEo
20200 99719 717k T 2 9AIRE .F 34 358 Aol 914
10ms vgho] L FR7bA s FEgae] AT FRES 4T, 5
gk Y o] AAZEE SAGTLD o] FEOR Qe AAT = At Ao R
16719F1d] o] A AEA T 41%E 2|8t o]
wfuieh & $-Adelesrt B H A e a7t
10031 9] A EE F 03] LAt A °
el ek ol @ Suhlvle shol Pt 66633 WAl T FEFRE ok i 4T
63701 7o]t}2) o] Fubujul= FAlE= Ims el Eu7]% ata o 27 sA| vt o}
Zo|% Mms ol o ek v FHhvlold GAE 35 AAr BAE 309 o]
A7t & iAoz 69 Aefart Fukafue] Foist=ul, o] FEAA

oA Za g Alfolete A sk AeaRs A o® WA F2AL F 3% Frdl Bsith
kol FolshE TRk 68% % 10C FEFUS A}%o}ﬂ wAFe] 97%= <=

B
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iy
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B3
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Adhpol k. Fublule] 2696 A A% F 3 & AZE 2 945 104] Abelel] Az
714 o] WSk 913, 4897 4 1A B A AIZESL @ 1IA7RA) Aleka g)om
O FRE PaME Woltrh oF 2ARE okt ZIHAE e,

o FATEY o] el ANARIE WA o f7h FAAN? A

1) WIAE(2008) 3 W 5(2022)2 1k H W& o2 herdingelelbil ALY, AT Ao ofshd
herding-2 th2 A#Ate] A d9lE Esho R Qs Uelube s o Aositt ojgl Ao & Aol
435t FHbvjulE herding B.the parallel trading®l 7@t}

2) & sHhuE FEE Ale]9] AR 10msel AE SHhulu| A <3 3>0 AAIE B} 2Ee] 2019\ el 2439233],
202019l 5689153] AL TR E|olE T A Urrt 12202 At Fubujvle] A 314 (243923+
568,915)/122 = 6,6633] |t}
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Skl v (parallel trading) @ Kraus and Stoll(1972)0] ©]8hd “AIte] Agzt1Eo] 54
ke Wsle] A8 A 7FESr e wrako g uju] B 21t 3978k AHo k)
& ATelM EA U ez A KOSPL 200 A5/ d &A1l A o] st “2 a3} 45
FEE Abol o] A xp7F AAAZE mluko 2 A FAF Wk FUd 740w ddol 37
ol AEHE FES Ao Hojdtt B A Biliju)E s FEE

_"
o

g}, o] & FeiAM SRl E
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Aol AlAFHE Ims, bms, 10ms & Al 7HA 2 2t7] &2 44
T8k IR FEE Abel o] AREREA o] Wsksl g Frtbuluje] SAdo] oW A v A
‘Jr‘ﬁr‘/‘r%x]% Ao ot
1 vl (high-frequency trading) ] A& zb= Exbufuljol] thsl afelglel A7)e
ATFEAME 20154 dHHE7] 9F Fote] TRV 9d=re] FTSE 350 F4]2 tiae
o

the] Ll EA gz} Afolof Al Hojx] = %] <]

=

A2} A @] (latency arbitrage) 2] A& FAFsh

Aquilina et al.(2022)¢] A7} dthd x| AA 7k(atency time)S FEA 7] A|7FO 2 A
FAIHES

NFARE 4, A8 @ ddsle] A& Fio] Agiol =238l7]744] <
ojmjgtt}, o] 7= AAdA AN E AmdtE BN EA YR FEAYEETF 5-10us
(microsecond, WRHE] 1z)0]11, o] A|AzFIA Y7} AA AAZS] 20062 v]FS 2FA5hH,
91 6719 713e] HA) *EH 80%E A grta Basbal gk o] AT Ad
AAAYEA ] 7HPATAT FEAZH =0 113 Fed AHsta, o] BAo] dnt F=2AHA}

oAl 0.5 wWoJAl2~ ERIES MaS 7Hitehe 37 Qe Ao B glirh T1ewA

o5 IRIEAA Alo]o] AHAo] A 10d Hel= F/Wlﬂ (ms)elAThA A=

nho] AR M (us) ©912] Aokl F7¢38kaL Q). oo ¢A] Wah and Wellman(2013)-2
A Az A F Al a8 f-5Ad0l PR Y-S 123819 a1, Budish et al.(2015)

3) Kraus and Stoll(1972)2 “s9tuu 7} Alg33ke] A ghe] dis] o2 AdAtEo] -<3] EdstA wh&-she]

AR A S e E 2ka AlE
price-responsive?] ¥ 747} é
pulation T 7FA 7}l up
E 4 9ok

Wah and Wellman(2013)2 A A& A 7F S A Ho] Q= AefAted 9k 2] A# <], Budish et
al.(2015)2 AukAQl A AY7F AEA MAA G2 2¥ (Kyle, 1985; Glosten and Milgrom, 1985)°llA]
Au=EE HaAA AR RE 7IRke 2 dAsta ol Hhel, (A A E A o2 Aol A s
FTAHAQRE 7|Wro = wAS = A A Vst vk AAAIAYE A DS H(stale quote)ell o g
sniping E+& picking-off 3l Atz ¥

qo= whAlE 4 Qlrkar Bk} nejEA Fubaujel = price-aggressives}
E s UH ufjoll = follow-the-leader behavior$} price mani-
olo]] 2|3} parallel trading< herding & ¥3&3t= 7dolgta

;&
_t

=
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o A7t EAGE A9 AdgA G} B A BAE=AE dE Rk A
O]E} A $(2022)2 KOPSI200 A=Al A 7ol A IOC(lmmedlate—or—cancel)—Zr—E—Sﬂ
ARAY ol ARSI, I0C FEel Srile] Fehm vreha girks 43R
Ae AAsG T T3 [OCE s 9] =lo] 999% oAk Fralu A A &8A

AN A% 56%E ARttt W sk 9

e,
AR AT EIG Bl FREEAA S S99 o ofFoix7]

wj&ol o5 FHo| A= 7B A o7 1Hl Eufju)2Hhigh-frequency traders)z}il £
Ak aHlEujulo] digh AEA = aREjul 7} AR vX]= RS AETH o
228k A 5H(Carrion, 2013; Hasbrouck and Sarr, 2013; Lee, 2015; Korajczyk and Murphy,

2019; Ammar and Hellara, 2021), M| &% Z‘ix}—zrv‘f‘ﬂ Y& o A-gsh= A= A ol
stk ?ﬂ?(Hagstr@mer and Nordén, 2013; Menkveld, 2013; Foucault et al., 2016; Hirschey,
2021), a1 Eufulol] ot fA <} 2] gk ﬂ?(Budish et al., 2015; Kirilenko et al.,
2017, Brogaard and Garriott, 2019), 18|31 &7} uHlIZ= A ALe] AgAd gl v X =
das 1&3 AT (Hoffmann, 2014; Biais et al.,, 2015; Baron et al., 2019) 5°] 4

sule] aWlEvfuje] diek ArRE S9E, HF(2013), AARL M85, 23 (2014),
SR, o] -1(2014), BH=(2020), Lee(2015), Kang et al.(2020), W 5(2022) 5] 9
ol5 A7 Tl FAAET SPALE Al A A o] At AFEA ] mA =
9T & ZASta 91

aRlzmfufel] thgk thFEe] A5l A e T bk aRlEmmi = Qe WA E=

it ELe] Aol E ?1319} ARl o] & Qls wRlemiulE F3f Fste A UE
E3HeE ol 2] defe] Mok s otelr| ) folakA] vk Aol tH(SEC, 2014). B3
Hagstromer and Nordén(2013)¢] A& gl50o] FEFEG Ao T A (limit order
book)o] &jH o2 7]|Z% o] 9l7] Wi T E 7 o]t (proprietary trading firms)2] A #
ko] el ATHom FAeE 4 A Erh

AT AFAEAIGAA DR EmjujE vt o2 U= shbeiule] dS =
il 1 F715 el Aotk AW (2022)0 M= AFAAI A IOC FE-NHO.
FoAA L FEE ALo]9] A7} 10ms oWl wlvljE A dido = L il
1 A4S o [OCFE o)<l FOK(fill-or- kﬂl)—zr—ﬁﬂjr E vz

|

YrEe T SiuE ddow o YD £H oA 7

5) F7A% THALEA A 2R3} 7)ol tha FAADA WAl Ee] T4 G Hla) ol o5 AlgelA
S AR ] oru How Ao] AUt e Ao BAHATh FAA G Waeh
gublelel Aol vl 35 ATE Ba) FEHAATE FEAN AT FUE welR W A5vhaa
urhe BweA ge Aoz weAd.
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F2-5 Alole] A2 10ms, 5ms, Ims 5 Al 72 VA7 WA 2483 Qo] Azl
Wslo] W Fukilule] 5ol vld WrERAo] it ajol7t gltk.
RORTIE B Q7o) Fad rlet Bulvule] W §7] F shtzA Fubvjns}

2 A3 Al (electrnoic limit order book) & ZH-E FH &&= L3557 (order flow
imbalance) Ato] €] #AIE A HATHE Holth o714 FREFET? T
EZEREe] 2% a8y HoAmsstet HoAnEsste] Auszon AAHE
FAZA o] ghol FrbstH Aol mjgbelo]l Al Aola ashd wigrEe] A
AL gt & Aol M= subauiz 2As7] d 27 10ms AHE Ims 2714 9
HE 7IES FREEEETY Y S mjas Rl e

v g yhuf e o] 2HAY Aol &

o] KOSPI200 AFMES Adfjets A3 AgAsoe] FEa
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ool ol Frkske Ao Ve Aot

2 AT E g vloe oo ARE FEA wule] AFAEAGAA EE st
A=A YA FAM T EESHAA 915 zhe ZgiAEe] Hd Ims oW o] #f-¢-
&5 FEAYTHE Bfstal dvkes 23S AlAs At Holth o] Musciotto et

\l—r‘

al
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=
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O &, o] A i AFE ol A

(2021)¢} Aquilina et al.(2022)¢] <
] Z(ms) @19 AAo] opd wlo]aZ %

al
2AANORE A AA Fo 22d Aga
(us)9] BAANNE HAEN TS AARIH.

= A AL v 2k ATl = Atell AR dlolEf el e 7]= st
AN A = Frtulvle] d3-S Aelstgt ANVZol A= sabvlulo] yAlH Hx
FES AL AV R = sivvlel FE2EF=TE Atolo] #AE B4

npA ke 2 AVl A= AE3 A S 71EskiTh

=
|=4

il
Ak

|

al,
72l
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L. delg

E A Algste ARE FAYAKRX)AA AFE TAQ(trade and quote)
dlolE 24 2019 5¥ 55 20200 9L 7R o] zhEREy] 1719 o]uil 1229 9] AL
s KOSPI200 F7HA19= A EA ko] e Ad¥ 374 HE da Qo 22 ddgo]
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Aol ARA AEe F A717F A9 297401 B R dlolElE BN 2z} A5
A7NE W g gAlel Atk elHel £58 BEE FRas, Welx Bl
7h 8 AYARE, A/ o, A, R A, FEER(IET 2 AR,

<
FEZAI0C, FOK, GTC(good-til-canceled)), 1EHAIS-E] 58-A7kA] 9] w4 L wj =5 7}
R, Al ek AFE AR Folvh Eg AAdelEd= 24 A2 Advttk
§7}X4AH4§9} 7P GAIRe] EE O glof dd A4 o] miGFERIA] v EF A
ANA oS mpotek = itk ofb&e] & HoJHEFE FiAt e AAAe] FAATE
R, 713 B Q= FAh S gt & it
KOSPI 200 Al =A% 1996 70 o] 5 A AlAIA AdfsAel B2 A% <+
sz Oq?oﬂfﬂ gtz sk vhE w ZHor E48 4 glvk KOSPI
200 AEA17g2] H < vl vl (continuous two sided auction)= 27 9]0l 7|Fste] Q5 34
B (1ol = 2% 3A] 2027-4)) A 7F F-A1 Tt S 7Fe vl(single—price auctlon)l_
A7) 30 Al &d 8A] 30T 9A7HA] LE]al % 3A] 35FH 3A] 457 7HA]
1022 (H7] ol = 341 2038 34] 3027HA]) 2l F

I 1>8 20199 595 2020 9€97HA] HEm A el @A 9A|RE] 9.5 3]
BTk o] AAIZE T ZhEREZ] 10 o] o] KOPSI 200 d<= A okl sk A=<
FAAE 2 waFEs feFEAgZFS A2 FiEste] Jggk Aotk

<E 1> FAARYEY dEA At MEY
olefe] Fi= 0199 5LHE 2020 9874 9] R o) H ) 1535749 AnA7 2 BE] 1744 ol
KOSPI200 A&7 %] AAHS Amd FAAFEE, deju 2o eEeEe Agd Aotk A BelE
AEA k.
2019
R B A A v == A 5 %
713 590,222 584,206 9.37%
Nl 1,226,927 1,223,101 19.54%
9= A F AR} 4,468,203 4,443,297 71.09%
A 6,285,352 6,250,604 100.00%
2020
R E A A | == A 5 %
71 890,461 911,398 9.45%
Nl 1,483,248 1,545,516 15.88%
9= A FAA} 7,103,671 7,134,770 74.67%

A 9,477,380 9,692,184 100.00%
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. SHboule] @3

B Aol A= KOSPL 200 F7HA A A ol A skl ol sk o] -5 st
AA st otk Evbuful(parallel trading)s Tt AdA7E AL EAlo] Bduaka)
YA R FEs AlEshe FEES Wi (batch) 241, & ATrollA= Fubuugd X4

A AEd A2 Aggrt Eg sy s FEE

< 2>E vz 2 ugEitnne] o E A AS Folth Panel AT 20201 9€ 44 94
25 23% 929msH-E] 937Tms7HA] 8ms &<t 13702 vi= A YAZEE Ash AY =
E‘?_WHUHE YEHATED 13 F4& Abole] AIZF 7442 FHof bmsolal A 671¢] T
A3 A Zbol] A E UL}, S} RE o] A2 % (microsecond) Tl A= T HgAlZto

o
d

5 Aol A A4S 5oNE FRERES L B Sl o] e 3
MRl o8] nhs A AW o] Qs A A FE N 309855 199 006X E
Podn) ol Walz gelolA $Ue A 44H 59 FEI E 1 ol Fo] Y
TS R AEA e 2AR AAFEI R 2 QAT W] Az
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MEsrt faurt BE AAse] £XE7AA 228 A B Imsolth AF FE
N % A AL o) aL IOCFEe] 3700]th. Panel Ci= 10749 w02 7€
FRH A Q13 T Aol o] AIRREAL: B Ims WIRko]ojA] CF wjg=gwhujvfo] v,

A =27k 26805 1 E o] aL zkarz) 56A1 ekl El, A 470 €] vl of @l 7]

Fas B AAHe] 239 ZFavt 2357704 288 AR Hd Imsol .

<E 2> SHtojojel Atz
olge] B wi® 2 ujg=Fubuge] AL S A A3 Aolth Panel Ax 20201 9¢Y 4Y 94 258 23% 929msTF-E] 937ms7HA]
8ms &<t 13719] WA AR EE TS A wleFitelu]E Yeldh Panel BE 20199 1€ 289 144 47+ 5%
M6msF-E 452ms7HA] 6ms &<t 15719] vl AN AZEE S BE wj 4w ubue] & YERAT) Panel C= 20194 62
74 94 107 42% 40% 230msell 1ms o|well 1071¢] wiFANAZEEH B4 CY vlFHtuul S Yepdch

Panel A: AE ulujnj

FE 3R FE 4% FE A%A 8 3R
AdY W= A F% ME o dFat ga EF AT

20200904 221052  9:25:23:929 3 Sell 3099  309.90 3 10C A4

20200904 221053  9:25:23:929 3 Sell 3099  309.85 78 I0C vAA
20200904 221054  9:25:23:929 3 Sell 3099  309.85 78 I0C MA4
20200904 221055 9:25:23:929 3 Sell 3099  309.85 78 10C wA4
20200904 221056  9:25:23:929 3 Sell 3099  309.85 78 10C wAA
20200904 221057  9:25:23:929 3 Sell 3099  309.85 78 I0C vAA
20200904 221058  9:25:23:931 3 Sell 3099  309.85 78 ARk A4
20200904 221059  9:25:23:932 1 Sell 3099  309.85 78 d¥k mAA
20200904 221060  9:25:23:932 1 Sell 3099  309.85 78 dwt wAA
20200904 221063  9:25:23:932 2 Sell 3099  309.85 68 4¥t  wAA
20200904 221066  9:25:23:937 5 Sell 3099  309.85 67 dur wAZ
20200904 221067  9:25:23:937 1 Sell 3099  309.85 67 duk wAZ
20200904 221068  9:25:23:937 1 Sell 3099  309.85 67 4§t wAA4

Panel B: BE & wkujjnj

i FEFE dE  FE A9 FE FRY
Add  WE A % dE Y dEss 23 53 43R

20191128 501784 14:47:05:446 6 Buy 282.00 282.00 55 4Rk A2
20191128 501785 14:47:05:447 6 Buy 282.00 282.00 49  gwt A4
20191128 501786 14:47:05:447 8 Buy 282.00 282.00 43 gt A4
20191128 501787 14:47:05:447 5 Buy 28200 282.00 35 Ak A2
20191128 501788 14:47:05:447 3 Buy 282.00 282.00 30 oy A2
20191128 501789 14:47:05:447 11  Buy 282.00  282.00 27 10C A4
20191128 501790 14:47:05:447 6 Buy 282.00 282.00 16 I0C A4
20191128 501791 14:47:05:447 15  Buy 28200  282.00 10 10C A4
20191128 501792 14:47:05:447 6 Buy 282.00 282.05 158 vt mAA
20191128 501793 14:47:05:447 15 Buy 28200 28205 158 ¥t  w©A4
20191128 501794 14:47:05:448 2 Buy 28200 28205 158 IOC "A4
20191128 501796 14:47:05:448 8 Buy 28200 28205 158 I0C vAZ
20191128 501797 14:47:05:448 16 ~ Buy 28200 28205 158 IOC "A4
20191128 501798 14:47:05:452 19  Buy 28200 28205 158 IOC wA4A
20191128 501799 14:47:05:452 5 Buy 28200 28205 158 ¥t wmAA
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<E 2> stiojojo| Al(HZ)
Panel C: C8 FHtujnj
T T T e/ FE HSA FE FEY
A Hs Rl % W 71 wEISr Zdan £33 AToR

20190607 369117 10:42:40:230 3 Buy 26805 268.05 56 At A4
20190607 369122 10:42:40:230 24 Buy 26805 268.05 50 10C A4
20190607 369124 10:42:40:230 2 Buy 268.05 268.05 26 Ak A A
20190607 369125 10:42:40:230 124 Buy 268.05  268.05 24 10C A4
20190607 369126 10:42:40:230 124 Buy 268.05  268.10 188 10C w4
20190607 369127 10:42:40:230 124 Buy 268.05 268.10 188  10C w4
20190607 369128 10:42:40:230 124 Buy 268.05  268.10 188 10C ul A4

20190607 369130 10:42:40:230 124 Buy 26805 26810 188 I0C 7|z

I
I
|
20190607 369129  10:42:40:230 4 Buy 26805 26810 188 4wt wWAZA
I
20190607 369131 10:42:40:230 124 Buy 26805 26810 1838 10C wAZ

<3 3> T el AdE FEE A7 o] 747} 10ms WY 5ms W9, Ims
nRkQl Al 7HA] frid ] FRbuufel] i) Aojo] BX Y AT ES AR g Aotk
4] Panel Aol AIAIE 20191 9] 323717kl i3] F=ZAIRF 2F2 o] Imsl CF sHbfjul &
ARzt gkl o] Aol A 3718 WA =), 57 3~4719] W9l Fukaju 7}
59.84%¢] Hl& & 7 ol WAL, I g o2 FETE 5~99) RS9l Fkajulrt
3.19%9] vl WAskaL vk TR 1070 ol ubevulE 595%9] HlE = dAEkal

Atk AEFES Fivle] Aot &S45 =A vehdar ok WA Fukujeje] delrt
3~4%1 B9 AFES 6248%%E A YERE v Zeolrh 5-991 Fakujujel A= gke
Auk 320 2923% 2 7+Asta vl npxwto ® &
12%2 F78ta gl Ao Yepyt) ol Futujujel Zdoje} Aatglo] Fakujujoj A
7w A 3~47) Axe FEW AAR olojFrtal FEF = gtk

5

oAl T Ame] AZelA FEAIZEE tA o] bms MRES] BE

rE
=y
=)
1o
i)
o,
N
4
—_
NN
—_
©
ro
o
o
=2
s

sutujuje] o JgES A 40.43%0l 4] 29.45% WA o= Thas ashs Aom
=
o

Uehbar Qlvk mpA Rt R FEAIRE ZEA o] 10ms PIRESl A
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<¥ 3> Stiofoiel ZolH Ex 3 MAZE
ofe o} Xz HEVIZE Fotol WG Al 7HA 39| Frbuju) Ztzbe] dla] dolo] R, Frtujulo] EH FE9| 4
Tl 4 FEY ATES ARERE A Aotk AYS FEE Atel9 Al 114 0] 10ms IR Fybufule] i, BE->
FEE Abol9] Azt 7420 5ms vwlwkel Futuln), el 3 CPL FEE Abole] Az 1kZ 0] Ims vkl Fubu o]t
Panel A: 20194
Futaju o] FRbufu]  Eha) ) s
3 4ol AT % FET % T AT E
3~4 93,167 38.20% 315,535 17.62% 187,446 59.41%
5~9 89,002 36.49% 585,808 32.711% 189,735 32.39%
A 10~19 54,446 22.32% 714,691 39.91% 110,678 15.49%
° 20~29 6,543 2.68% 149,005 8.32% 19,956 13.39%
30+ 765 0.31% 25,801 1.44% 3,337 12.93%
All 243923  100.00% 1,790,840  100.00% 511,152 28.54%
3~4 88,600 40.08% 299,465 19.10% 179,077 59.80%
5~9 80,786 36.54% 529,864 33.80% 173,143 32.68%
B 10~19 45,806 20.72% 598,026 38.15% 91,819 15.35%
° 20~29 5,296 2.40% 120,492 7.69% 15,271 12.67%
30+ 591 0.27% 19,912 1.27% 2,453 12.32%
All 221,079 100.00% 1,567,799  100.00% 461,763 29.45%
3~4 55,212 59.84% 182,486 41.11% 114,009 62.48%
5~9 31,547 34.19% 198,439 44.70% 58,013 29.23%
Cs 10~19 5,499 5.96% 62,911 14.17% 7,448 11.84%
° 20~29 3 0.00% 60 0.01% 9 15.00%
30+ 0 0.00% 0 0.00% 0
All 92,261  100.00% 443,896 100.00% 179,479 40.43%
Panel B: 20204
sWmjuje]  Futufjm) S Rbufu) 3
3 do] A5 % FET % FT qTE
3~4 235,393 41.38% 799,610 21.15% 437,215 54.68%
5~9 221,470 3893% 1,452,655 38.42% 440,656 30.33%
AS 10~19 102,682 18.05% 1,309,617 34.64% 224172 17.12%
° 20~29 8,696 1.53% 196,644 5.20% 28,998 14.75%
30+ 674 0.12% 22,222 0.59% 3,356 15.10%
All 568,915  100.00% 3,780,748  100.00% 1,134,397 30.00%
3~4 227916 43.01% 773,163 22.54% 422,744 54.68%
5~9 204,627 38.62% 1,336,929 38.97% 407,130 30.45%
B 10~19 89,497 16.89% 1,138,621 33.19% 193,592 17.00%
° 20~29 7,313 1.38% 165,227 4.82% 23,679 14.33%
30+ 516 0.10% 16,981 0.49% 2,444 14.39%
All 529,869  100.00% 3,430,921 100.00% 1,049,589 30.59%
3~4 160,086 67.81% 534,558 52.83% 300,172 56.15%
5~9 72,148 30.56% 434,505 42.94% 140,259 32.28%
C 10~19 3,832 1.62% 42,727 4.22% 7,955 18.62%
° 20~29 5 0.00% 102 0.01% 25 24.51%
30+ 0 0.00% 0 0.00% 0
All 236,071 100.00% 1,011,892  100.00% 448,411 44.31%
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O % Panel Bll AAE 220 9] ERbvivi S A B AL szl o] MR o] 9-2)
20200l BEE = wRtwjuje] NlEgoh of7je] £FE FEFE B ol A9
7

whg gl ol el ) o] F7beks Ao UL gltk, o]t ShA) < 1>el Ak
ngpEel mEvblHY ol F AurAel AdFe] Zvhsh Blol g Aow LU
20009 Skl Zol7h ofzk ol AAT AWl HFEE ol Awsh lastol
2 Aolg wold: % gtk
[ 11 ER713) 201993} 202080] B Al 74§l Fukeulel] o)
WA FRARE Z4eka obee 1 i}om SERF znu S E
dERd Rolh WA Fukojulul e

T ]
Futujuf o] 49 7 B HESE 2t X]—?’*]Z_P% lmsﬂl- 2ms°]51 EE 15ms Wl
B

FTRET 28 B AR o] Sms )RRl BE Futujvle] A EAZE £ E BolE
HEg7h 718 52 A& AR Imso]al 3 10ms Wl SR Fubvof o]
AZRA 0] Zhashs whE A HAIE QA fhashe ZloR dEhal Qv viHEre R
T Abele] AlEzEA o] Ims WREQ] C8 Skl 52 B Ims Wloll $R5 = Ao
Uebgt, 5 o] el eubivlel] &3 T3 FolM b we Rt 7HE =8 e
AR B Ims v|Rkoth ] whete] o] 5o FEAIRRE: Wz vhejell A B Fdsiths
AL ou ). oA o] f 2 CF sibefve] AL Es g o2 yEhfA] gtk whek
FEAAG] AlZbo] mhe] AR (N2 1%) TR AAE o] AQUThd BF thE)
Lebd Aol

[
ohele] e 019~20208 FEATF 2
Atol o] A7t 7¥A o] 10ms "Wl AE FH
UERILE FaE FEE Abele AzE 7t
http:/kfma.org/38014 & 4= &)

ot 2 M
rlo wn nd

A AF Fhlv B: BY Fulvjv)
150, 150,
—O— Mean = 4.03ms —O— Mean = 2.93ms

100,000f 1/ 100,000]

# Counts
# Count:

50,000 50,000

16 2 4 8 12 16 20
Elapsed Tlme (mllllsecond) Elapsed Time (millisecond)
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<HE 4>9] Panel Av Futeujo] Zosl=s FE

o
2
it
o,
i
3

ot} A <G 1>ollA] Ao niel o] F2713E F¢k KOSPL 200 A &A1l A A

ZIEem 9=l L, 7

WFAA7E Z42F 13%, 18%, 9% =9 H]F-& AHA|8taL

2019
el el S 7% N A A
A% 1,741,541 23,558 25,741 1,790,340
° (97.2%) (1.3%) (1.4%) (100.0%)
B 1,530,248 18,069 19,442 1,567,759
(97.6%) (1.2%) (1.2%) (100.0%)
.- 438,094 3,074 2728 443,896
° (98.7%) (0.7%) (0.6%) (100.0%)
2020
& Hhufj o 9=l 7] 7l AA
A% 3,690,983 45,653 44,107 3,780,748
° (97.6%) (1.2%) (1.2%) (100.0%)
B 3,355,686 36,704 38,531 3,430,921
° (97.8%) (1.1%) (1.1%) (100.0%)
cs 996,959 9,683 5,250 1,011,892
° (98.5%) (1.0%) (0.5%) (100.0%)
Panel B: FE/34d
20194
oRla kel AW 10C FOK A
A% 822,139 968,662 39 1,790,840
° (45.91%) (54.09%) (0.00%) (100%)
B 710,559 857,169 31 1,567,759
° (45.329%) (54.67%) (0.00%) (100%)
ol 130,933 312,962 1 443,896
° (29.50%) (70.50%) (0.00%) (100%)
2020
& huf o AN 10C FOK AA
A% 1,851,889 1,928,349 10 3,780,748
° (48.98%) (51.029%) (0.00%) (100%)
B 1,663,997 1,766,915 9 3,430,921
° (48.50%) (51.50%) (0.00%) (100%)
sl 398,859 613,032 1 1,011,892
° (39.42%) (60.58%) (0.00%) (100%)
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of
B3
)
offl

3n)
T,
2
2
=
e
£
ofr
ol
rlr
—

AAZE 0|9k the W& vt leh WA 0193 S

]
423 Aok WA 09dxe] Axs B, AR 140 Atgle] BE FutufufolA
[0CTFo] kil &) o = o
253l AT IOCTE9] H&2 FAIEe] 1H o]
I0CH]&o] CH9l rRbujmjell Al 1 &2 705%= eI St
2020 9] 7] 7k A= I0C] AREH] o] o] Aol H|3) st o=
VFEREAI W 1 2kA) Fel = Al e vhE ] ergdth A BY o] Fabuju)

<Z 5> Stiofjofol MZE FEo RY¥Y ERHZEYE 7|5
o}g9] F= A7H7+E 0] 10ms, 5ms, Ims PuHe &2 Z42F A4
AEAGTE 7|02 FAATY(Panel A)Y FEH3E

Panel A: A A4 2

20191
& Rkuf] uf 2=l 71 7Nl K

] 4,479,643 225,378 389,508
6:] ) ) ) b

A% (87.9%) (4.4%) (7.6%) 5,094,529
) 3,747,210 133,389 175,607
5:] ) , ) Y

B9 (92.4%) (3.3%) (4.3%) 4,056,706
) 1,550,072 9,373 6,407
Bﬂ 9y b ) b

Ce (99.0%) (0.6%) (0.4%) 1,565,852

20200
Akl =2l 7] 7hel A

] 7,352,287 269,289 333,371
Uﬂ b b b b

A% (92.4%) (3.4%) (4.2%) 7,964,947
] 6,638,941 232,496 260,169
aﬂ b b b b

B3 (93.1%) (3.3%) (3.6%) 7,131,606

o8 3,020,667 24,633 10,131 3,055.431

(98.9%) (0.8%) (0.3%)
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<XE 5> Sttojofoll g8t FE22f RAE ERHZE 7|E)AH)

2019
1kl o Ay 10C FOK A4

. 1,647,242 3447216 7
| 4 4 ) ’

s (32.3%) (67.7%) (0.0%) 5,094,529
. 1,128,991 2,927,657 58
3] ’ ’ s y

be (27.8%) (72.2%) 0.0%) 4,056,706
. 302,030 1,263,822 0
&) ) 1400,

e (19.3%) (80.7%) (0.0%) 1,565,852

20201
& kv AR 10C FOK PE

. 2,472,570 5,482,364 13
| ’ ) y

AT (31.1%) (68.9%) (0.0%) 7,954,947
. 2,148,687 4,982,908 1
3] ’ ’ 3 3

b (30.1%) (69.9%) (0.0%) 7,131,606
. 631,446 2,423,985 0
&) ) VELD,

c* (20.7%) (79.3%) (0.0%) 3,055,431

Hl&-o] =341, [0C 9] Hl&o] =7 Yehsth o] ZAb= 9= Abah Tl A il
Al g0l = AfQlt 71 e FARAbe] Bl A o= o, ofge] uSFEAdrS

I0CFEE U e o ol &8dth= dE& Abeith
% 5> Fubjufo] Fefstar obge] AeAor AdR oo ek
9 FERFGER PRt O EE5 27 Qe d Aolrh WA Panel AC
TS AR, 019959 20209 % 25 AY Fikujuol A e)=ele] M)A
83%~92%0°] A o1} A|7EkZ o] Smset Imso.2 #olA = BE# C¥el & ukujujo] A
el=le] AAgn|Fo] P BF 9% AFate Aoz Yehgth o1& Ims o]
=5 a7ete AN =AdFAATE S| 7183t A AFAAE T

AN

lo
O&:‘, _(m ﬂllm
>
=
)

= yehtar 8l

Thyo 2 sz} s AZAIZE T o= Ao F2= dAsh=A]
[29 2] 9:00~15:359] dF AdAES 58 F9= T8 5 3
A AEA ket AY SRt S Saix A2dE A Z
Aolch A nfuj ol FRbafu) 5 A=Ak Ade A § 3 5% Bt 7P @y
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o] 7+23tthr) 10:009F 10:300] UA Aoz Frtes BG5S Ho|al 9th o]F 12:00~
13:000] 4Z HA Y AHE 7128t Aoz YEvta 9o, 14:009 1500 18]z &
el A A R| mﬁaol 127 F788he Ba5S Hola itk %HPHHUHE sk AA A5

vk

Aol 23 Bk = 9

5=
r ll‘

[
rE
a
o
frt
=
=4
ot
(@
Y
oﬁ‘l ¢
1o
ofl
oo O
(T
[ted
o

(O3 2] SHojoixZ

ofef o] a7 AdEA k] AAAZAZ} AY Fju)E F3f A
el Aotk (Fe 2192 hitp/kfma.org/3814 & & &)

mim m_\.l

A: 20199 B: 2020
10120 1o.les
—o— Total Trading (2019) —o— Total Trading (2020)
081, —— Parallel Trading (10ms, 2019) 0.8 —— Parallel Trading (10ms, 2020)

[

# of Contracts

“"RW

W a® p® g o o p® g B e e

Time of Day Time of Day

T3 22 "o AAE ERbeal=

o

A FE2E A7l 10ms Tkl A Fykufu)

el Al wlwste] AF AAUE R AR A o] Zolrt AUl o R ol
Zase] vehdar vk A WAL AR 10:00, 28] 3L 14:009} 15:0000 Al ko] 33417
F7hete e YA ARk A A= Abol= dA| v u o} vlaste] FHadhe Flo®

=

vebda ek m2y o] el 20200l = oW Aol nls AAde] Trlee BaS
Holal glon} Fejo = Z Aol 7} Ao L}EME— ek A AN B <E 1>
<E 4>9] HolEE A TAoR A AAF 41% Fx9
HlES AAskEd [19 218 BelM e gy es gl 4= 9ot

[72%) 3]¢] Panel AX Subujul 7} w5l A17ke] “mod 1,000ms™e] R¥E2 agow
ekl Aotk “mod 1,000ms”# ¥HAZHS 12(1000ms) 2 WS o) ¥ 1,000ms
ugke] A|7HS: ojugit). ol & Sof Fubuul 7} 10:34:20:4560] LAY Ik “mod 1,000ms”
= 456ms7t ek Fa R Fubeu]e] BN S FbulE FAgse 3 T Ada
JAl Aol Panel Az ERbujuf o] A Zbe] F 25 YER AL Panel B EHbvjvl &

52
rlr
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frt
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off
ofr
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3
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0,
[o
to
2
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2} 5+ 9lk. 20208 ) B 20194 0] ) vls) FESHA UERT o] = el

Soll A A gktol syt WY o] § FErE kel nlel 2uf o] w5etl7]

X

/\
o
w

)
i
o
o

(22 3] SthoioHel mod 1,000ms ZdAlZke| 2
obgle] e Bublrle] MAARE 1000ms(13)E the Ul A) AZH1~99ms)e] BEZ 18 Aot} & FEA|7)
mod 1,000ms®] E¥5 ekl otk olg Sof Fubulu) 7t 10:34:29:45600 AT “mod 1000 ms”E 456ms7} E ek
Panel A9 219 A%t BE 2412 201903 202000 A ek AF Sulufel o] FEAIZR s Bz @9 Al EEE
UER 3L, Panel BS] 1% A%} BE Sulojuls ¥9heh RE F#9 FRARM g dalx B9l TALEE e
Aol

Panel A: “syhufuj
A. 20194 B. 2020

portion portion

0.0011 0.0011

0.0010 4= 0.0010 4

0.0009 1o 0.0009

0 200

. 2 . 400 600 800 1000
Time in milliseconds, mod 1,000 ms

0 200 400 600 800 1000
Time in milliseconds, mod 1,000 ms
Panel B: A+
A. 201941 B. 202014

portion portion

0.00114 & . 0.0011

0.0010 4 0.0010 =

0.0009 0.0009
o 200 400 600 800 1000

Time in milliseconds, mod 1,000 ms

Panel BE #HATFES A9gt BE A95E9 AT WA gigh HEx &
Yeha 9tk WA 20199 %S B 10ms, 30ms# 220ms LHelA d 35 A s
9Jt}. o]+ Hashrouck and Saar(2013)7F NASDAQON A #&38Fe] 8.3k Al 774 (clock
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g
%
Q.
=)
B
:10
>
rob
_I_:
o
frt
2
\1
:‘é
\1
N
>
A,
rir
>
&
=
>,
o3l
o
ot
tlo
24
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N A A B FEE AR e )
EA@TE AL AT ol KRX7F 4% vlzrith KOSPI A58 4 - $dsh:
A3k FRA %S Aolth 2020del = A we] s Feish ArhH o e

%7] 10ms~30ms<} 200ms 18] 500ms HollA 7325 FAsta Ak

5 Fito] FAS R At AFUMES dAlgtH Fukau] el E¥ = (0~
9Pmsz2)ell A U F 2 (uniform disribution) & U Zﬂo] E}. o] g etEL
00010] 31, TgellA] 4L o] X & Yepdt) Ay
3 FEAE AR FANH S 714 ol %E‘l“ﬂ”ﬂ% LIRS
mjzwith G7)A 0w AR AAdtal o] E Rtgste] FEe A
FEA2EE 7HsstaL i AdREe] EAEE Ao AR S Srtkuluo) A=
ol21gk A17+5+7] 4 (clock time periodicity)o] WERFA] @Al Ql=dl T o] fr2A] v
7HA 7bsAE AVl & 4 ok 3 HA The A Skl o] AgF7]4 o] ImsHE T
#HE Ag-olth dE 5o Fatujule] F7]4d0] 0.lms 5 100 vFo] AZZ(WgHE 9] 1%)0]
AT 9o gl FelA & & Ak olH g o] @St Erkujujol
st F o AYAEY FEAEAIZEe] Imsk Tl Fobok & Aol FEEZF] A7t
ZFAo] Ims W1 CE FRbujufo] vlFo] AAF 7| AT Sobuju) 1 59] 35% A=
5% A= AHAshE e e drhd o]y d 2us AgaEe

AT F28 = Aok F A Ths S EutiuizE A7) 3 of e o)

=l

S
ofl
i
R
[
—_>&4
2
iib)
ol
=
o)
[u—

7) Hasbrouck and Saar(2013)+ 2007 ~2008d NASDAQ F2Jol th3t FFAI7HS mod 1,000ms & &3}¢]

¥ 2AG A% FE0) B w4 Aol ohig 10~30ms F7H3} 150ms 2, 223 600ms
el Tl JUASL ol RAHE AITY BEE wsc oleli Ayol B A3le
& AdAEe] YA FAZ (2 B0l wize] ALAR) APEFE A= 1 Aol wheh FES

ﬁﬁﬁ/\] 717] wiol| EAE7)A Art F 0}3’_ Itk F3ekar 21tk Hasbrouck and Saa(2013)¢] ool 4
10~30ms 71l A 71 W SR EE Ho|il e o= AdRtEo] vl Zwith S A|AsIL o]
w2t AE AsHoR HAPA T Utk S oulsty A F8 AHAE Al digk kg AAZE
(latency delays)e] 10~30ms A== e} itk
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77y 0.06EJNEA FrAaskal S7FstTh tha] wal] sabajvl = Qs 2 9-Hd&7ke] zhart
B A As o] H9HAETke] 71F o] WA EASS on]gth <3 6> FiAbol 9] AlTE
Aol th2 Al 714 139 Frtuljul 24zl diste] o]E sHhiule] T8 A% M5k
oA Walsl=AE Hegk Aot}
<E 6> SHtojolrt op7|8 M SIte| #5}
ob#lo] = A7z o] 10ms, 5ms, Ims MO 72t AAR A B C8 5 Al 744 439 Bubiu] A% e
2 HE7te] Wslo] glek RES Ae)sk Slolr}
v o o] subvjo) 4% 29057 7pAws
#%
-0.05 ZAE W3l gle +0.05 E2AE =3
A% 368,554 78,748 365,301 235
° (45.3%) (9.7%) (44.9%) (0.0%)
Bl 339,591 74,932 336,224 201
° (45.2%) (10.0%) (44.8%) (0.0%)
cy 140,129 51,217 136,330 106
(42.7%) (15.6%) (41.7%) (0.0%)
WA FF9 AZEEA 0] 10ms?) A FRbojoj7} zelsh 235 Aw B Fyko)o)
A% H$ A 5717t 0,053 ek NEFE 368554800 H A Es Tt}

al, %“JHHUH 3kl U‘rE Hl% T

ma‘E%gﬂWE?MﬁHﬂ%%%WWQ@Q%ﬂ%ﬁ%ﬂﬁ Atk 2945717}

=

V. Fatewie] AEANSE

gol M= st 7} th2 dwbA el ws) 583 Jr7WA ] 2E(probability

re
X
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of information based trading; PIN)o] &=&%] o
SRt} AR A S SHAA Zo] 7t =A :
et al.(1996)°] A7]3taL Easley et al.(2002)0] 44 Al|otet &S o]-g3te] A4kaic)

Easley et al.(2002) EgollA = FRA AL} IR ALY AF] A7} LopS-EE utet
WG 7P gk PIN AlRES 918k 4= dlolE = v 5Evitt fAlH = wiF=7 e
(B3} mj=F=A (s, oltk %A 7]Eq5Te] & ATtollA ARE-sh= TAQ dlelH o=

EE AAA e wjFE AR y}ﬂdz‘z a8 UHLT%AVL# TS B

AN FRAE(), 1% Malxu HH*?PFL(e,,) uwwwu o= 7
AL BARE 1 o] AR 2 SR, 2 AT SR S

F479l 3% £Z81 Lin and Ke(2011)9] $4SE352 Agaist) o2 Vel

L(Bt,St | 0)= log[a(iexp(e“ €max, ,) +all —6)exp(e% —emax,t) (1)

+(1*a)exp(e3t*e )]+Bt log(eb+u)+5t 10g(68+u)

max,t

*(eb+es)+emax_’t
A7, e, = —pu— B, log (1+1/e,),
ey = —pu—Slog (1+p/c,),
ey, = — B, log (1+u/eb) —S,log (1+p,/68),
e

max,t . ax (ew Co> 6375)

259 Y-S Lehiy] of g obdlel e SR §E Adstate
oIk,

i
ot
>
= r1r

i
I

T
M\e):E (B, S, 186) 2)

o714 shFel FAMAIZE 6A1F 35-‘?‘—(9IOO~15135)01] &) 58 gk
AR R 7 F 58 w9 SEFse] B AGE 19700l WA 7=790]t),

AR ANEE PINS AR AAe] FEAE o] AR AHAe] FEAES Lehd
4 (37 2o,

7t

o
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ap
PIN=————
apte, e ©

<E 7> Stiojoje| HEI|HHe2E

olefe] T AA e} QAHFEL A7k A o) 247} 10ms, 5ms, Ims$! A, B, Co Al 7}A] Fxtujo] §-3 Zbz}o] os
FE7)7E] 2019~2020 0] 122U 9] Aol thal 2] (3)% o] &alo] AR 1227]2] U7 PIN(H H.7|9kA 85 ) 9]
SAFE A Aolk

Ad 59

HE
e

%)
<
o
FN
=)
Y

Min 25% 50% 5% Max

AA A 0.182 0.042 0.095 0.153 0.180 0.210 0.288
AF Fybulju 0.187 0.047 0.088 0.154 0.183 0.219 0.323
B& “swhafuj 0.189 0.050 0.102 0.156 0.180 0.228 0.312
CH wnlufu 0.253 0.071 0.122 0.202 0.241 0.304 0.425

(2 4] Stioiojo SR HEHSE (PIN)2| LZh AAE

ohehel TYE FE Abole] A7 0] 42 10ms3t Imsel AG €9 F Eukniole] vlsh AdgozE Ay
U ARAUTES F71 12 DI9-2000d ] 128000 Wl e ol
0.5 T T

—0— Parallel Tradmg (Type C)
Parallel Trading (Type A)

PIN

0.0 : : ! ! I
2019514 5019613 519010 1191212 50312 ,52061) 5020920

Date

Wi EE 17 F Bs A4 ARSe B AN PING Al nA Eae 010E
ekt o= A4 Az ekl AuoA ] S5o] 182%aH= ouolt). 1227 ]
917 PIN ol A H4gke 00050] 1 A thgte 0288 LFepsteh, 4] 744 ade] Fubjujo
W3l Zk2t Ak PING AAvju) S gdo® A2k PINECH: 25 2 ghe e,
sybujule] 770 #S5E O 2 Ao vt M A7 0] 10mse AF
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FESEETYE FEFEH A order driven market)oll A wi=AE 1} w = A 9
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THE KOREAN JOURNAL OF FINANCIAL MANAGEMENT
Volume 40, Number 2, April 2023

Parallel Trading and Speed
Competition in the Korean Index
Futures Market

Byungwook Choi*

Abstract

This study examines the behavior of parallel tradings in the KOSPI 200 stock index futures
market and the speed competition among traders participating in the trades. The parallel trading,
defined as the batch of multiple orders with same price and direction submitted nearly simultaneously
by multiple traders occurs 6,663 times (i.e., every 3.56 seconds), everyday during the continuous
trading session. We find that the parallel trading account for 41% of the total trading volume in
the KOSPI 200 futures contract between May 2019 and September 2020, 97% of orders in the
trades are placed by foreign investors, and 68% of them are IOC orders. The average number
of order messages in a parallel trading is 6.9, the average elapsed time is 3.56ms (milliseconds),
and only about 30% of orders in the parallel trading lead to the real execution of trading due to
the speed competition. The probit analysis between the direction of parallel trading and the change
in the order flow imbalance, for the time period between 10ms before and 1ms before a parallel
trading, reveals that some parallel tradings are significantly related to the order flow imbalance.
In addition, the order processing speed of some competitive traders is estimated to be less than

1ms.

Keywords : Parallel Trading, High-Frequency Trading, Order Flow Imbalance, Market Microstructure,
Latency Arbitrage

* Professor, Department of Business Administration, Konkuk University, E-mail: bwchoi@konkuk.ac.kr
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